WA-RD 94.1

Cost Effectiveness of
Park-and-Ride Lots in the
Puget Sound Area

Final Report

October 1986

A

Washington State Department of Transportation

" in cooperation with

United States Department of Transportation
Federal Highway Administration



COST EFFECTIVENESS OF
PARK-AND-RIDE LOTS IN THE
PUGET SOUND AREA

by

G. Scott Rutherford
Director

and

Chris A. Wellander
Research Engineer

Washington State Transportation Center
University of Washington
Seattle, Washington

Washington State Department of Transportation
Technical Monitor
Joe Bell
Final Report
Research Project Y-2554
Prepared for
Washington State Transportation Commission
Department of Transportation
and in cooperation with

U.S. Department of Transportation
Federal Highway Administration

QOctober 1986



TECHNICAL REPORT STANDARD TiTLE PAGE
2. Government Accession No. 3. Recipent’s Catalog No.

1. Report No.

WA-RD-94.1

4. Tule and Subtitle 5. Report Date

Cost Effectiveness of Park-and-Ride Lots October 1986
in the Puget Sound Region 6. Performing Orgarization Code
7. Authorls)

8. Pertorming Organization Report No.
G. Scott Rutherford

Chris A. Wellander

9. Performing Organizanion Name and Address
Washington State Transportation Center
135 More Hall s, FX-10 11. Contract or Grant No.
University of Washington Y-2554
Seattle, WA 98195

12. Sponsoring Agency Name and Address .
Washington State Department of Transportation Final Report
Transportation Building
Olympia, WA 98504

10, Work Unit No.

13. Type of Report and Period Covered

14, Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

A cost effectiveness evaluation and a cost-benefit analysis was performed on
a park-and-ride system consisting of 26 park-and-ride lots in the Seattle metro-
politan area. Costs and benefits of the system were examined with respect to the
user, the community at large, and the public agencies responsible for providing
for the community's transportation needs. A user survey was conducted at the
26 lots. Using the survey data and other data as input, a model was developed
to calculate the total incurred trip costs of both the park-and-ride trip and
the corresponding trip not involving the park-and-ride lot. These trip costs
were compared in a "before" and "after" analysis. In addition, the park-and-
ride system was analyzed for its effect on the following transportation system
measures of effectiveness: travel time, person miles traveled (PMT), vehicle
miles traveled (VMT), traffic volumes, vehicle emissions, accidents, and
énergy consumption. General results indicated that the park-and-ride system
in the Seattle area is cost effective. The average park-and-ride trip was
estimated to be 11.6 percent less expensive than the corresponding averaaqe
previous trip by another mode. Results also indicate that the lots have had
a slightly neqative impact on travel time and PMT (i.e., these measures have
increased), but VMT, traffic volumes, accidents, vehicle emissions, and
energy consumption have all been reduced.

»

17. Key Words

agency costs, automobile costs, benefit-

cost analysis, congestion costs,

cost effective, cost effectiveness,

highway costs, park-and-ride lots,

Transportation Systems Management, TSM

19. Secunity Classif. {of this report) 20, Security Classii. Jol this page] 27. No.of Pages 27, Price
Unclassified Unclassified 301

18. Distribution Statement

Form DOT F 1700.7 8-69)



ACKNOWLEDGMENTS

This report is the culmination of the efforts of many persons. The authors wish to
thank the personnel of thc Washington Statc Transportation Center for their consistent
support: in particular, David Chao for his assistance in computer programming, Amy
O’Brien for her review and editing of this report, Laurel Brown and Ron Porter, for their
aid in typing and compiling this report; and Duane Wright for his contribution in the
write-up and graphics of this report.

In addition, the contributions of Katherine Casseday, Pete Smith, Jane Towery,
Terry Michalson, and Steve Ritchie are greatly appreciated.

The authors also wish to thank the many individuals within the Washington State
Department of Transportation, the Municipality of Metropolitan Seattle, and the Puget
Sound Council of Governments for their willing support in providing neccessary
information for this study. The input from the members of this study’s Technical

Advisory Committce is also greatly appreciated.

PARK-AND-RIDE TECHNICAL COMMITTEE

Joe Bell Charles Kirchner

Washington State Department Municipality of Metropolitan Seattle
of Transportation

Hans Littoay Harold Morgan

Washington State Dcpartment Washington State Department

of Transportation of Transportation

Charlie Howard Bill Roach

Federal Highway Administration Commuter Pool

Don Secrist
Puget Sound Council of Governments



Section

ACRONYMS USED IN THIS REPORT

ABSTRACT

Background ...
Methodology....veirena.
Trip Cost Model............

Time Costs
Results.........ccovvecrirnnns

Total Costs

Agency and User Costs
Corridor Comparison
Sensitivity Analysis for Various Input Parameter Values.........

TABLE OF CONTENTS

..........................................................................................
................................................................................................................

................................................................................................................

.........................................................................................

MeEaSUTES Of Bl @CTIVEIESS. . crerereesrearssrsrsress ressasasesmesssesesesssvesssessasarasessasmsns

Conclusions..........ceeeee..

CONCLUSIONS AND RECOMMENDATIONS

Conclusions... e
General

Individual Mcasures of Effectiveness
General Guidelines for Locating Parking-and-Ride Lots
Recommendations.......

.................................................................................................................

General..... e e
Executive Summary List of References

rmamns

...........................................................................

...........................................................................

.................................................................................................................

................................................................................................................

...................................................................................................

CHAPTER ONE: INTRODUCTION ....ooooinerrernmscmssimsssssssessrssssssssesssesssessessssessssssssessesens

Background and Study PuUDOSE.. i ieicetrcssssrstcersresreasssaresssenssrassorsssssesstsaeraen

Goals and Objectives..
Study Notes and Scope......
Report Organization...

................................................................................................................

CHAPTER TWO: PARK-AND-RIDE SURVEY ....nrenennrssssssssssssssssssssassrenss

Development and Conduction of Survey
Survey Results...........
Analysis of Survey Results

Comparison of
Utilization by

Mode from Lot

Previous Mode

Corridor Results
Lot

...................................................................................................
...............................................................................................................

vii

Xix

ES-1

ES-1
ES-4
ES-8
ES-9
ES-9
ES-9
ES-12
ES-14
E5-17
ES-21
ES-23
ES-23
ES-24

CR-1

CR-1
CR-1
CR-4
CR-5
CR-6
CR-7

(=2 W8 UL I

11

11
12
16
16
16
24
28



TABLE OF CONTENTS (Continued)

Section Page
FROQUENCY et rsnss st sss s v stssessassssssssesesesessesas et sesesas s s ota s ssesasses st sem e 32
VEhiCle OWRETSRID o eeemeereeresesseass st eeesessemasessenetosressseaseaseessssss s 32
VEhiCle SiZE/ABE riiricnrirersiessssessesesssssssss it ersenssesesessessssassessensssssessssssssstnsen e 37
Survey Results Summary 37
Comparison with Other Park-and-Ride SUIrVeYS .. eeeseeeeneesssnsss s 37

METRO Average Annual Utilization Counts.....mmmmorsnssoosseneonn, 37

TRANSPO SHUGY ooourecreeerereiensem s esass st iom s eeressesee s sesessesessssesesssssssssssesesssssssosssssones 40

CHAPTER THREE: ANALYTICAL METHODS........ccommerecrrersseesssssessssssssesssssesesssssones 47

Analysis Needs....vioonesi. 47
Keeler-Small Model......iinsisnieimsemseosssssssn etategsta e ns e rrenear s banaras e aras b ns 48
General Adaptations and AdGItiOnS.. ... mecoroeneersesresesesessesmsessseseesseeereesssessees 49
Trip Cost Model Qutline......ooeeveereeeccennns 50
Time COStS...eriiserierssisasiessres 52
Public CoStS....ccurersersnsnns 55
Highway Co515..rieenerinsersercececrens 55
System Average 57

Segment Average.....ne. 66

Peak Period... s sesessseescenses 66

Keeler-Small ......ouicecrncesciecesecssmssessesene 68

Highway CoStS £Or BUSES .....ooooiciiiics v seerrserssseserssieeesesssasssesssssssssesesseessseemseseoees 69
CONEESTION CO8LS...ireciccicriicnirer st essssss s ssreeseessssnsesassessmne . 70
TrAVED TIIMC et recnrcrrcnrmrremssasns s sasescesssirasssnsssssssecssssstasesssnasasessnsasasassenane 71

AULO OPErating COStS. .. st sssssss sesssesemssssessesrasssssssmes 74

A CCTACIMES ceceereecrrrceesroeremeassasseseessssentesserses sessrssseessrsssssassesssessras seemsessassastons 75
Environmental Costs........eeeeveivecrnennen. 76

Total Congestion Costs 77

Other Public Costs 77
AULOMODILE COSES ..vvrvensnrssrerranssarmmssirssses s esssssss sessasesssssssessemasss sttt smessseasssene ssesessesesesseseses 80
Automobile Costs: Sources and Methods 80
FHWA Auto Costs.......... retetetverrasessasasemsae SRR R SRR RS St hmens b pensene 80

AAA AULD COBES st e ren s sersssassssassssssssssesmsmssmssassnenn 82

Hertz Auto CostS.imimoennn. 82

P&R Second Car Auto Costs 82

OWNIng and OPErating COSES .o tresstessie e eersererronesesnserorsssessssasan 84
GASOIINE 0SS ciiiirieciiitctecstrstessscrnceeresse s rossesss s s ssssssssas s sse sessonesenssnasasasassstasstassesenen §4
ACCIAEIE COBLS c.uvrircccnrssserserssietsesisssesssres s bsessssrossesassasssss s sassassstsrass s ssrasesaenenasonss 86
PATKINE COSES torreeriveerrersereersesresesreseessressessrenssssssssssssssnostassasessosssssssstsssssssessmestsssiasssssissnsbusommorcn 86
Transit COSES....mrenrrsessverssse s ersassssssnssssnssnsssssssas sassass 88
Recommended Values for Model Input Par@meters..occmecrmssssesssssans 91
Highway COSt PATAMETErS.... et cssestesesenesesssresssserssssssessnsssees 93
Congestion Cost Parameter 93

AUL0 COSt PATAMEIET ... e ssrssss s s ssssbasss st bbb st s mrmmrmsmsens 94

viii



TABLE OF CONTENTS (Continued)

Section Page
Defining and Calculating the WoTK TriD . eeeeeessseseess st eeoesone 56
AULO TP iiemeenrreret e sesss s s s s sass s sas st s rseerasenessesees st e e semss st s oo 96
Park-and-Ride Transit TriD .o ssesseeessorsosessssesosesssssseasessees 97
Park-and-Ride CArpool TriP . iiemsessssesrsssessssssessssssssssssssmso e 160

Drive t0 Transit TriP. e cessseressssssssieeesesesasessssessssesssssessorsssssansess 104

WALk 10 TTANSIE TP i ieenserisieseessicsseessasseesessssessssessesssesssssssstesss s eesses e 104
CHAPTER FOUR: RESULTS AND ANALYSIS .o et eeeeeeee e oo e eeeeses oo 109
COSE COMPATISONS c.ceeeeecemereemenecesieecreveser e sesssssss s cesesesmasesessesssereras s eesasems e seemseseesntesesses e ene 109
TIORGOSt et e s sssmsstrss s e ee s s eeess et st st ss s eee 109
ABENCY AN USCET COBS .oiuriviirnissenssessasiesmresesssssssssnsesssssssssossssesssmssssesesssnesseeseeenes 113
Corridor Comparison 116
PATK-BIAPOO st sem s st e eeense s sast e et es bttt et e e ee e eeeeeees e e 120
Sensitivity Analysis for Various input Parameter Values. oo, 123
Evaluation of Various Measures of EffeCtiveness. oo 128
TIAVED TIIME ..ttt esessees s sseseses et eee e s s et setase et et oo s et eeee oo sen e 129
Person MRles TITAVELEA ...t escseeseessseresestos et e e oo ee oo 129
Vehicle Miles Traveled oo eeees e 126
TrAlFIC VOIUMES oottt e ceesesssssssrassesasssestsesessesos st ee s eseeeseee 134
VEhicle EMISSIONS coucvcieeieeeanicecittscmsecersemessemneesessesssssnssossnmeesses oot sesesssseses s e eem e 137
ACCHACIIES et b s rsssesstsaeeeemsessesessens s sere e et s s ess oot eeseee e eeseons 137
CHAPTER FIVE: PARK-AND-RIDE SYSTEM ENERGY INTENSITY oo 141
I T OQUCTION cootie s e saa et tb oo ae e e eesss st s eee e emes e sees et eese e eeceeseeseen et 141
METROAS ...ttt st et ee et st e eeees e eee e s eeeeesens 141
Highway Distances Computations 142
Average Vehicle OCCUPANCY Data. oo 142

Fuel Consumption and Energy Intensity Calculations ..., 143
RESUILS .ottt eaes s e res e eese e s s es e st e et oo e e e eemeeeeeseeeesees oo 145
Conclusions 145
Park-and-Ride System and Automobile Energy Intensity 145

Fuel Consumption - Before and After. oo 152
Capital ENCIZY PAYDACK oo eeesersessessseeseestessssseeeeee oo eese e e 152
Vehicle FUel CONSUMPTION .o oot oess oo seseseeses s te oo 153
Previous Travel Modes of Park-and-Ride System USers...onen., 154



TABLE OF CONTENTS (Continued)

Section Page
LIST OF REFERENUTES......o oot eesesssasnsesesesesesmassasatsasassssessesssaseesemesreeetsessssoessessasaeesresnssses 157
APPENDIX A: SURVEY PROCEDURES.. ... reseessssesarsesans toassssasasarsssasmsseseseneen A-l

APPENDIX B: COST EFFECTIVENESS OF PARK-AND-RIDE USER LOTS:
PRELIMINARY ANALYSIS OF PARK-AND-RIDE LOT USER

SURVEY ottt ssssss s st st st e s sbas s st sas s s st s s seassnsamsssssssssesassrss asnsssassons B-1
APPENDIX C: FORTRAN CODING FOR TRIP COST MODEL......mrircee. C-1
APPENDIX D: TRIP COST MODEL OUTPUT TABLES.....rirnninnenssonissnans D-1



MNNNI})NNMN
1

[ e
SOENOMELN

r;)
33
f—

LIST OF FIGURES

Park-and-Ride Lot Study Arca MAD.. . iecssroeasessssesssessessessesssssns
Total Incurred Cost Comparison: Combined Average Previous
Mode Trip vs. Conbimed Average Park-and-Ride Trip
(Highway Costs Included).... v
Previous Mode¢ Total Trip Cost by Mode Typc Vs, Avcrage
Park-and-Ride Total Trip Cost (Highway Costs Included)......
Agency and User Incurred Trip Cost Comparison (Highway
Capital Costs Included, Congestion Costs Excluded)...................
Total Trip Cost Savings Due to Park-and-Ride Lots by Corridor
and by Selected Lots. Highway Capital Costs Included.............
Previous Mode Percentage Breakdowns by Corridor .o,
Trip Cost Savings Due to Park-and-Ride Lots by Corridor,
Highway Costs Excluded... -
Trip Cost Comparison Scnsmvnty Analysw for Varlous Input
Parameter VRIUCS i eenisitiecsesteeerssesesseses s ssssassssessassasssestseem e
Park-and-Ride Lot Study Area Map... -
Survey Form with General Tabulated Results —
Annual Average Utilization of Park-and-Ride Lots -- CorndOr
GO D AT ISONS ittt es e ne e s s s e seeeeeseens s eess e s sms s ses e
Utilization Rates of Park-and-Ride Lots at Time of
TRAC SUTVEY ottt rssts et sensssssessssessseseeemes e ssesesessssess s sees
Average Annual Utilization Rate of Lots with Low Utilization
Location of Park-and-Ride Lots with Low Utilization .o,
Relationship Between Location and Population Density for
Several Southeast Corridor Lots..,
Car/vanpooling from Lots with High Car/vanpoolmg Rates .
Location of Park-and-Ride Lots with High Car/Vanpooling Ratcs...
Non-transit Trips from Two Sclected Lots with High Car/
VANPOOLINE RALES st ssisse e reeenesressesossssessessssseesssssesesoseeeenn
Car/vanpool Destinations from all Lots in the North and
SOULREASE COITIAOTS ..o seessrssss s e rmseessenssesseeseeesressssss s
Destinations from all Lots in the North and Southeast
Corridors -- Transit vS., NOM-EFANSIT . .oreeeeeeerereeiveesseeeeeeeressesossens
Locations of Destinations for Car/vanpooling................
MOAE 10 LOT ettt sess s sas e st seseeeesaee s eeeerst s s e s eeeeeseeseeesesnesons
Previous Mode of Those who Drove Alone to Lot
Mode from Lot -- All Lots

........

......................................

Frequency of Lot USe.. e e se s s esneenns
Frequency by Mode from Lot
Vehicle Ownership Comparison -- Suburban Communities, P&R

Survey and 1980 Census, King County
Access/Egress Vehicle Characteristics

X1

ES-10
ES-i]
ES-13

ES-15
ES-16

ES-i8
ES-20
13
17

18
19
21

22
23
26

27

27

29
30
31
31
33
33
34
34
35

36
38



LIST OF FIGURES (Continued)

Annual Average Utilization of Park- and-Ride Lots -- Permanent
Lot Totals (Source: METROQ Transit)....

Average Annual Utilization of Park-and- Rldc Lots -- North
Corridor (Source: METRO Transit)...o oo

Average Annual Utilization of Park-and-Ride Lots -- Northeast
Corridor (Source: METRO Transit)o.oooeoooooooonooooeoooooooeoeoooo

Average Annual Utilization of Park-and-Ride Lots -- Southeast

.....................................................

Corridor (Source: METRO Transithe oo,
Previous Mode of Park-and-Ride Lot Users as Determined by
Several Studies ...
Seattle Area Freeway Segmcnts .............................................................................
Weekday Traffic Volumes: 1-5 at Ship Canal Bridge ..o,
Weekday Traffic Volumes: Hourly vs. Period Averages for
SOUTKDOUNA TrAFFIC oot seseeeses e seessessssseeesesss e eeeneeee e
Highway Costs: Overview of Four Methodologies ..........
Methodology for Estimating Period Highway Costs
Speed Flow Curves for the Seattle Area and from the Highway
CAPACTY MADUAL .oocooereeeceeeecestieeeee e esese s et
Fuel Consumption by Sectlon at 40 MPH Sourcc Reference (5)
Total Incurred Cost Comparison: Combined Average Previous
Mode Trip vs. Combined Average Park-and-Ride Trip
(Highway Costs INCIUAEA humuucmeeirreeoeeeeeeeeeeeeeeeeeeceeeeooeee oo,
Previous Mode Total Trip Cost by Mode Type vs. Average
Park-and-Ride Total Trip Cost (Highway Costs Included)......
Total Incurred Cost Comparison: Combined Average Previous
Mode Trip vs. Combined Averaged Park-and-Ride Trip
(Highway Co5ts EXClUGEd) oo ceeseeeeeeee oo
Agency and User Incurred Trip Cost Comparison (Highway
Capital Costs EXCIUAEd)uiinernrsscrsessiereemnssssesssssssessssssasessseseomess
Total Trip Cost Savings Due to Park-and-Ride Lots by Corridor
and by Selected Lots. Highway Capital Costs Included..........
Previous Mode Percentage Breakdowns by Corridor ..o,
Trip Cost Savings Due to Park-and-Ride Lots by Corridor,
Highway Costs Excluded...
Park-and-Ride Trip Cost per Mnle by Lot Egrcss Mode ...........................
Trip Cost Comparison Sensitivity Analysis for Various Input
PArameter ValUES ...t seseseeeresasasseseseseressssssersaseees
Trip Travel Time: Combined Average Previous Mode Trip vs.
Combined Average Park-and-Ride Trip .o
Trip Length: Combined Average Previous Mode Trip vs.
Combined Park-and-Ride Trip. . eeerossecsn i sessesssessesessssssses
Estimated Net Decrease in Dally VMT by Corridor Due to Use of
Park-and-Ride Lots...

.............................................

Xii

39
41
42
43
44
45
58
60
63
64
67
73
85
110

112

114

115

19l
119

121
122

124

130

131

133



4-15.
5-1.

5-2.

LIST OF FIGURES (Continued)

Estimated Net Decrease in Daily VMT per Park-and-Ride Lot Stall
Due to Use of Park-and-Ride Lots . crrsnessssesessesssesens

Estimated Average Number of One Way Vehicle Trips Per Day
Diverted from Freeway Segments Due to Park-and-Ride

........................................................................................................................

Average Energy Consumption Comparison (Averaged over
25 LOtS) ettt s e esse st e e et e 2 s sem et st
Energy Intensity Comparisons, Park-and-Ride vs. Automobile
Modes: 1983, 1990, and 2000.......cu o eeeeeeveesesrerorsseseesesss s eessessesses
Previous Mode to Destination

.................................................................................

xiii

135

136
140
151

155
155



3-9.
3-10.
3-11.
3-12.
3-13.
3-14.
3-15.
3-16.
3-17.
3-138.

3-19.

LIST OF TABLES

Total Public and Private Trip Cost Components
Measure of Effectiveness Evaluation Summary ...
Cases for Which In-Depth Trip Cost Analysis Was Pcrf’ormed .............
Survey Distribution SUMMATY ..t see e sesessersssenes
Park-and-Ride Project Trip Model Cost Components (Total Public
ANA Private COStS )it sssssisssin
Park-and-Ride Project Trip Model Cost Components (User Costs
Park-and-Ride Project Trip Model Cost Components (Agency
Costs).... rrverrenan
Estimated Annual Hnghway Costs i‘or Scattlc Arca Frccways ..............
Weekly Traffic Periods for the Seattle Area..
Highway Costs Using Four Different Mcthods
Peak Hour Traffic Volumes of Seattle Area Frccway chments
With and Without Park-and-Ride Lots... e .
Marginal Congestion Costs Imposed on Peak Pcnocl Trafﬁc by thc
_ Addition of One Vehicle to the Traffic Stream...
AULO COStS DY VERICIE T YDt iereneeeres s rrssssss et ssessesesesassessssssssessssesses
Gasoline Costs BY VERICIE Ty e eseserssrssmssessesssasetsssans
Accident Costs by Road Type......vcinnncninnes
Park-and-Ride Lot COStS et cormssssrssessessssssssessassesssssssssssssseseseses
Examples of Cross Classification of Transit Agency Costs
Transit System Average Cost CoeffiCIieNtS . ..ovrmorerresssrereesresesssssarserns
Transit Variable Cost Coefficient by Driver Type
Transit Cost Cocfficient by Coach TyPe. e eneeesrressecsnsessranessaens
Sample Calculation for a One-Way, Peak Period Auto Work Trip
Sample Calculation for a One-Way, Peak Period Park-and-Ride
Work Trip: Both Transit and Carpool. . icceeecererreerenns
Sample Calculation for a One-Way, Peak Period Transit Work
TITID et sisssss s bbtiee s s e eseesosa e seeseanensansasasnanasesens aeeasanmsnas st seassnestanas
Estimated Impact of Park-and-Ride Lots on Daily Vehicle Miles
TrAVEIEA (VM) s stistse e cen s ssens e sssesessesasesessnaseaseses
Vehicle Pollutant Emission RAtCS.... o oreoeeecereosersesesnesenns
Air Quality Impact of Park-and-Ride Lot System
System-Wide and Corridor Energy INtensity ..o
System-Wide and Corridor Average Trip Lengths . ..ooveciveieesecerenns
System-Wide and Corridor Average Vehicle Occupancies.. ...
System-Wide and Corridor Average Fuel Economies
System-Wide and Corridor Average Person-Miles

Xv

54
59
61
635

72

78
81
87
87
89
90
92
92
92
98

101
106

132
138
138
146
147
148
149
150



ACRONY D H P

AAA - Automobile Association of America
ARFC -  Average Relative Fuel Consumption
CBD - Central Business District

FHWA - Federal Highway Administration

HCM - Highway Capacity Manual

HOV - High Oc¢cupancy Vehicle

METRO -  Municipality of Metropolitan Seattle
MPH - Miles per Hour

P&R - Park-and-Ride

PMT - Person Miles Traveled

PSCOG -  Puget Sound Council of Governments
SMSA - Standard Metropolitan Statistical Area
TAZ - Traffic Analysis Zone

TRAC -  Washington State Transportation Center
TSM - Transportation System Management
TSMC - Traffic Systems Management Center
VMT - Vehicle Miles Traveled

VPH - Vehicles per Hour

WSDOT -  Washington State Department of Transportation

Xvii



ABSTRACT

A cost effectiveness evaluation and a cost-benefit analysis was performed on a
park-and-ride system consisting of 26 park-and-ride lots in the Seattle metropolitan area.
Costs and benefits of the system were examined with respect to the user, the community
at large, and the public agencies responsible for providing for the community’s
transportation needs. A user survey was conducted at the 26 lots. Using the survey data
and other data as input, a model was developed to calculate the total incurred trip costs
of both the park-and-ride trip and the corresponding trip not involving the park-and-ride
lot. These trip costs were compared in a "before" and "after" analysis. In addition, the
park-and-ride system was analyzed for its effect on the following transportation system
measures of effectiveness: travel time, person miles traveled (PMT), vehicle miles traveled
{(VMT), traffic volumes, vehicle emissions, accidents, and energy consumption. General
results indicated that the park-and-ride system in the Seattle area is cost effective. The
average park-and-ride trip was estimated to be 11.6 percent less expensive than the
corresponding average previous trip by another mode. Results also indicated that the lots
have had a slightly negative impact on travel time and PMT (i.c., these measures have
increased), but VMT, traffic volumes, accidents, vehicle emissions, and energy

consumption have all been reduced.
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EXECUTIVE SUMMARY

BACKGROUND

Park-and-ride lots are parking facilities, typically located some distance from the
central business district (CBD), where the commuter changes from an automobile to some
form of public transportation or ridesharing. In major urban areas throughout the
United States such lots have been established to provide more efficient transportation
and to assist in the conservation of energy. As such, they have become an integral part
of the nation’s urban transportation system framework. Nowhere is this more true than
in the Seattle metropolitan area.

The agency responsible for providing transit service in the Seattle/King County
area is the Municipality of Metropolitan Seattle (METRO). The first park-and-ride lot
in the Seattle area was established in 1970 by METRO's predecessor, Seattle Transit, in
the Northgate vicinity. Encouraged by the high utilization of this lot, the Washington
State Depaytmcnt of Transportation (WSDOT) coordinated planning efforts with METRO
to provide additional park-and-ridc lots in the Seattle metropolitan area. Under a
memorandum of undcrstanding between the two agencies, WSDOT was to construct a
number of lots using appropriate funds (Interstate, state motor vehicle funds, and
METRO matching dollars), and METRO was to maintain them. METRO constructed
other lots.

As of March, 1984, the Scattle/King County area had 26 permanent, 8 semi-
permancnt and 16 interim park-and-ride lots. Lots are classified due to their funding
and long-range planning considerations. These 50 lots in total represented 12,520

automobile parking spaces To date, WSDOT has spent approximately $47 million for

construction of the 26 permanent lots.
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Planned additions to the existing park-and-ride system are cxtensive. Both
METRO and the Puget Sound Council of Governments (PSCOG), the regional planning
agency, recommend plans which would double the number of park-and-ride lots in the
Seattle/King County region (1) (2).

Despite the substantial sums of money that have been invested and are planned
for investment in park-and-ride lots, little has been done to evaluate the total
effectiveness of these lots. The initial goal of park-and-ride lots was to entice
automobile commuters into express buses to alleviate frceway traffic congestion. Encrgy
conservation became an additional objective with the advent of the Arab oil embargo in
the carly 1970s. To entice commuters from their cars to transit the benefit to them had
to be clearly outlined. Consequently, previous analyses of this topic have focused on
benefits to the users through economic savings and energy conservation. However, a
need exists to take a more comprehensive and detailed look at the costs and benefits of
park-and-ride lots, not only with respect to the user, but with respect to the community
at large and.to the public agencies responsible for providing for the community’s
transportation needs. In short, do the benefits park-and-ride lots provide sufficiently
Justify their expense? This study was undertaken to answer this question for the Seattle
area.

The basic goal of this study was to determine the cost effectiveness of existing
park-and-ride lots with respect to the total transportation system in the Seattle
metropolitan area. Results from this study may also be of use in the development of
guidelines and tools for assessing the effectiveness of proposed park-and-ride facilities.

In meeting this goal, the basic objcctive was to provide a total cost effectiveness
evaluation of the existing park-and-ride lot system which included looking at costs,
benefits. and other measures of effectiveness as they related to each of the following

groups:

ES-2



[ ] the community at large,

[ | the public agencies involved,

] the park-and-ride lot user,

In developing this study, the question arose of whether highway capital costs,
being "sunk" costs (i.e., the investment in them has already been made), should be
included in the cost analysis. Depending upon the purpose of the study and the
application of its results, arguments can be made both for and against including these
costs in the analysis.

The basic purpose of this study was to determine the cost effectiveness of the
existing park-and-ride system in terms of the entire transportation system, i.e.,, have the
lots been a worthwhile investment? Since all the capital costs considered in this
analysis -- including those for both freeways and park-and-ride lots -- have been "sunk"
costs, it is legitimate to include capital costs, including those for freeways, in the cost
analysis.

Another strong argument for the inclusion of highway capital costs is that, with
respect to the park-and-ride system, WSDOT's "participation with gas tax money is
based on the premise that the construction of the park-and-ride lot system will relieve
the need for the construction of additional highway lanes” (3).

Another instance in which highway capital costs should be included is that in
which the transportation system of the given area is in its infancy, In other words, the
construction of either frceway lanes or a park-and-ride system are both wviable
alternatives (neither are "sunk" costs in this case). In this instance, the trading off of
the cost of freeway capacity with that of the park-and-ride system is an appropriate
strategy.

However, there are also scenarios in which including high way capital costs is not

necessarily appropriate. Onec such case involves analyzing the cost effectiveness of a
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single proposed park-and-ride lot. For this case, highway capital costs ar® "sunk” but the
cost of the lot is not. Given a situation ir which it is highly unlikely that many
additional freeway lanes will be built {which is the case for most major urbar areas in
the US., including Seattle), the trade-off between the cost of the park-and-ride lot would
not be with the cost of additional freeway construction, but rather with the cost
associated either with the increased freeway congestion which would result if the lot
were not built, with the cost of implementing an alternative TSM tactic of eqaivalent
effectiveness, or with the cost of implementing some other form of mass transportation.
Since a sidelight of this study is to provide a base which may be used in
developing general guidelines for evaluating the effectiveness of park-and-ride lots, the
above scenario was considered. For this, gencral estimates of congestion costs were
developed for inclusion in the cost analysis. Due to limited resources, costs of

alternative TSM tactics or mass transit options were not developed.

METHODOQLOGY
A lot of the data needed for this study were available through traditional sources.
However, certain types of data regarding the park-and-ride lot user were not available
and had to be obtained with a special survey. For this purpose, a windshield-placed
mail-back business-reply survey form was used. The study consisted of the
26 permanent park-and-ride lots in the Seattle metropolitan area sponsored by the
WSDOT. These lots were divided into four corridors, as shown in Figure |. In the
course of the survey, 6,138 forms were distributed among the 26 lots, and 2,402 were
returned, for an overall return rate of 39.1 percent.
For the purposes of the cost effectiveness ¢valuation, the primary information
obtained from the survey deait with what mode patrons used prior to using the park-
and-ride lot. With this information, estimates of previous mode trip costs could be made

and compared to the costs of the corresponding trips involving park-and-ride lots in a
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"before and after” trip cost analysis. Trip costs, as referred to here, in:lude much more
than just out-of-pocket expenses. The full cost of a trip includes every identifiable cost
incurred while providing for that trip. Among those considered in this study are the
user costs of time, vehicle operation and parking; public agency c.sts of roadway
provision and maintenance, and transit service provision; the costs to roadway users due
to traffic congestion; and other publicly incurred costs such as city planning and police
services, and noise and air pollution. These cost components are outlined in Tabie I.

In addition to the total public and private cost comparison, separate before and
after analyses were made for "user incurred” trip costs and for "public agency incurred”
trip costs. Comparing costs from these three different pcrspectives enabled a clearer
view as to how costs and benefits of park-and-ride lots were distributed among the
respective groups concerned.

For the purposes of the before and after trip 'cost analysis, the study area was
narrowed down to the north and southeast corridors, coasisting of 11 lots in total,
because they represented the relative extremes as far as park-and-ride lot utilization was
concerned. The north corridor lots had the highest combined utilization rate while the
southeast lots had the lowest. The north corridor is in a relatively maturc stage while
the southeast corridor is still young and developing. Encompassing these two corridors
in the analysis enveloped both ends of the spectrum of park-and-ride lots in the Seattle
area.

Park-and-ride lots in the Seattle area were designed primarily te serve the
suburban commuter trip to downtown Seattle. This is reflected in the survey results
showing that 95% of park-and-ride trips are work trips, and 70% of those from the north
and southeast corridors go downtown. This study focuses on this primary park-and-ride

trip -- the work trip to downtown Seattle -- in its before and after analysis.
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Table 1. Total Public and Private Trip Cost Components

Conrponent Sty Vale Reference
Time Costs
« In-vehicle time 1/3 wage rate (5)(6) {7)
» Qut-of-vehicle time 2.5 x in-vehicle cost (5) (6) (7)
Public Costs
» Provision and maintenance of roadway Paak Period; Bus 2.49 x auto (5) (8)
» Traffic congestion impact on road users  Time, Fuel, Main. {5)
» Other government provided services Keeler-Small (4)
(planning, police, stc.)
 Environmental (noise and air poliution) Keeler-Small 4
Automobile Costs
» Ownership and operating FHWA, AAA, Hertz (9) (10} (11)
(less fuel and accident)
» Fue! - L] L] " " H
= Accident " " " oo
Parking Costs
« Provision of P&R lot parking Actual Construction & O/M Costs (12)
+ Parking at destination Reported on survey 5)
Transit Costs
« All costs involved in providing transit Metre model {13)
service (less user fare)
« User fare Actual fare 5)

ES-7



For the north and southeast corridor cases analyzed, the percentage breakdown of

previous mode trip types was as foliows;

Walk to transit 22.5%
Drive to transit 32.1%
Drive alone (auto) 34.3%
Car/vanpool 11.1%

The corresponding park-and-ride trip breakdown was:

Park-and-ride transit 96.8%
Park-and-ride car/vanpool 3.2%
TRIP COST MODEL

Given the basic analysis needs, a model was required which would reasonably
estimate all identifiable costs of a commuter trip. The model nceded to be theoretically
consistent in estimating costs for each of the four previous mode and the two park-and-
ride trip types.

Following a literature search and review, a study by Keeler, Small and Associates
(4) was chosen as a base from which to develop the trip cost model. The Kceler-Small
study was chosen primarily because 1) it encompassed all of the basic types of costs
desired for this study, and 2) it was a very thorough and highly regarded study which
remains today a principal work on the subject of urban transport costs.

The Keeler-Small study estimated trip costs for the major urban transportation
modes -- auto, bus and rail -- in the San Francisco Bay area. With such inclusions as
travel time costs, public services, pollution and accident costs, it accounted for more
costs than most previous studies.

To fulfill the needs of this study, some general modifications needed to be made
in regards to the Keeler-Small study. These modifications are described in detail in

reference (35).
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Time Costs

A review of studies on the value of travel time indicated a range of values {(6)
(7). For the purposes of this study, a middle range estimate of one-third the commuter’s
hourly wage ratc was used for the value of in-vehicle time, and 2.5 times that value was
used for the value of out-of-vehicle time. While these values are generally accepted as

representative, sensitivity analysis was donc to see the impact of altering these

assumptions.

RESULTS

Total Costs

The total cost comparison for the average previous mode trip versus the average
park-and-ride trip based on a total of 467 cases analyzed is presented in Figure 2. The
Figure also lists the component costs for cach trip. Keep in mind that these costs are
averages of individual observations for all trip types in each category, i.., the average
previous mode trip represents a combination of walk to transit, drive to transit,
car/vanpool and auto trips, while the park-and-ride average trip incorporates both park-
and-ride transit and park-and-ride car/ vanpool trips.

The resuits show that on the average, the park-and-ride trip is 7 to 12 percent less
expensive than the previous mode trip depending on how sunk costs are handled The
park-and-ride trip is more expensive with respect to time, transit, and parking costs.
The latter may seem a little surprising until it is realized that the 55% of previous mode
trips involving transit have no parking costs. The only previous mode trip with
significant parking cosis is the auto drive alone trip. Conversely, every park-and-ride
trip incurs the cost of parking at the park-and-ride Iot (this is an agency cost, not a user
cost).

rFigure 3 presents the trip cost for :zach individual previous mode trip as

compared to the average gark-and-ride trip. The only previous mode trip more
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Figure 2. Total Incurred Cost Comparison: Combined Average Previous Mode Trip vs.
Combined Average Park-and-Ride Trip (Highway Costs Included).

ES-10



Cost per Trip ($)

16

14 =

12 =

10 —

7.78

6.45

7.37

Wakedto ! Droveto ' Drove

Transit Transit Alone
L=124 L=16.2 L=16.0
N =105 N = 150 N =160

L = Avg. Previous Mode Trip Length (miles)

N = Number of Cases

Figure 3 Previous Mode Total Trip Cost by Mode Type vs.

I CarVan-
pooled
L=186.0
N=52

Average Park-and-Ride Total Trip Cost

{Highway Cosls Included).



expensive than the park-and-ride trip is the auto drive alone trip. The drive alone trip
represents a large enocugh portion of previous mode trips and its cost is high enough that

it causes the combined average previous modec trip cost to be greater than that of the

park-and-ride trip.

Agency and User Costs

When considering total costs -- i.e., those as they affect users, agencies and the
general community combined -- results indicate park-and-ride lots to be cost effective.
But how do agencies and users farec when considered separately? Figure 4 prasents
before and after (previous mode wvs. park-and-ride) costs per person trip (including
highway costs) as incurred by WSDOT, METRO, and the individual user. The agency
"after” costs are shown for both existing and 100% lot utilization levels, With respect to
WSDOT, park-and-ride trips reduce roadway costs, bui the added c¢xpense of providing
the lot overrides these savings. The net result is that WSDOT spends $0.61 per park-and-
ride person trip. However, since WSDOT’s primary function is te serve c(he
transportation needs of the public -- which in this case includes both the park-and-ride
lot user and the general roadway user -- net costs to WSDOT must be weighed against
benefits both to the park-and-ride and general roadway user. The savings to the park-
and-ride lot user as shown in Figure 4 is $1.48, or 22.9 percent, per trip. This in itself
more than makes up for WSDOT’s expenses.

In considering costs incurred by METRO, previous mode trips involving transit
(55 percent of all previous mode trips) are compared to park-and-ride transit trips
(96.8 percent of all park-and-ride trips). Metro’s costs are reduced by $0.11, or 5.0
percent, per transit rider trip when park-and-ride lots are involved (if the lots were 100
percent utilized this would rise to $0.16, or 7.2 percent). In addition, among the data

population analvzed, the introduction of park-and-ride lots contributed to a 77 percent

increase in transit ridership.
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Corridor Comparison

Figure 5 presents the percent of savings due te park-and-ride lots along with
utilization rates for each of thc north and southeast corridors as well as for two
individual lots, Northgate and Eastgate. Thesc costs include highway capital costs. With
respect to trip cost savings, park-and-ride lots are more effective in the southeast
corridor thar in the north. This is somewhat surprising in light of the fact that the
south east corridor has a much lower utilization rate (44.9 percent to 79.2 percent for the
North). In fact, since its current vtilization is so much lower, the southeast corridor has
a higher potential for improvement. If the lots were fully utilized, the percent savings
per park-and-ride trip would increasc to 21.9 percent for the southeast corridor as
opposed to 13.4 percent for the north. This contrast in cost ¢ffectivenese is ever more
evident if two selected lots from cach of the corridors -- Northgate from the north
corridor and Eastgate from the south east (numbers 3 and 17, respectively, in Figure 1,
arc compared. The Northgate lot, even when fully utilized, experiences an average loss
of 3.5 percent per trip, while Eastgate shows an impressive savings of 23.3 percent when
fully utilized.

Several factors are involved in producing this discrepancy between the two
corridors. One is that southeast corridor trips must travel along 1-90, which was a much
more costly road to build than was I-5 in the north corridor. Hence, repiacing auto with
transit trips results in greater savings in the southeast corridor than in the north.

Perhaps a more significant reason, however, is found by comparing thc
percentage breakdown of previous mode trips between the two corridors (see Figure 6).
Both corridors are fairly similar in their percentages of drive to transit and car/vanpool
trips. However, a significant differcnce exists between their walk to transit and auto
drive alone trips. Park-and-ride lots in thc southeast corridor drew a significantly

greater proportion of auto drive alone trips from the roadway than did those in the
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Figure 5. Total Trip Cost Savings Due to Park-and-Ride Lots
by Corridor and by Selected Lots (Highway
Capital Costs included).
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north. At the same time, fewer southeast park-and-riders had previously walked to
transit. When compared to the park-and-ride trip, the auto drive alone trip is far
costlicr while the walk to transit trip is less expensive (see Figure 3). Thus, the
southcast corridor experiences a greater savings in overall trip costs than does the north
corridor.

Figure 7 shows the general cost comparison results by corridor for the case in
which highway capital costs are exciuded from the cost analysis. In this case, the north
corridor appears to fare better than the southeast (8.7 percent savings to 4.3). This is
because estimated congestion costs arc higher in the north corridor than in the southeast,
while highway costs are much greater in the southeast than the north corridor. Thus,
excluding highway costs from the analysis causes a greater reduction in park-and-ride
trip savings in the southeast than it does in the north corridor.

An interesting note here is that for both situations discussed (with and without

the inclusion of highway capital costs) the southeast corridor fares better than the north

corridor when the lots are 100 percent utilized.
nsitivity Analvysis for Vari In Par ter Values

In determining the wvalues for wvarious input parameters, the researchers
considered several values based on varying assumptions and sources. Most significant
among these were those used for the value of time, highway costs, congestion costs, and
autoc owning and operating costs. Several values could be used for each of these
parameters. Those used in the cost analysis just presented were those determined most
reasonable for use in this study. However, for comparison purposes it was desirable to
sece how the cost analysis might change if different values were used for these
parameters. In the course of the study, the gencral results of the model were found to
be relatively insensitive to changes in estimates used for the value of time; however,

they were sensitive to changes in highway, congestien, and auto costs.
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General results of trip cost model runs for cases representing several different
combinations of three primary input parameters (highway costs, congestion costs, and
auto costs are presented in Figurc 8). In this scnsitivity analysis, highway costs ("peak
period"} were cither included or not included and congestion costs were varied between
low. medium, and high estimates. Auto costs were varied between FHWA (the most
conservative), AAA (middle range), and Hertz (the highest cost estimates.)) When
considering these varying input combinations, park-and-ride lots proved to be cost
effective for all but the most conservative situations (i.e,, when highway capital costs
were excluded, congestion costs were either excluded or the lowest estimate for them is
used, and the lower range auto cost estimates were used).

In a further sensitivity analysis, the trip cost comparison was conducted based on
the most "extreme" sets of parameter value combinations, Of all the parameter values
identified, those which would be most favorable to the previous mode trip (i.e,, lower the
cost of the previous mode trip more than that of the park-and-ride trip) were outlined as

follows as extreme case #1:

n highway capital costs excluded,
[ | congesstion costs excluded
| auto costs based on FHWA and P&R second car values (the park-and-ride

second car concept and the Keeler-Small highway cost method are
explained :a detail in reference (3)),
| value of in-vehicle time is onc-half the hourly wage rate, and
| the value of out-of-vehicle time is 3.33 times that of in-vehicle time.
Extreme case #2, that whicn was most favorable i the park-and-ride trip, was
identified by the following ra~ameter values:
[ ] highway costs based on the Kceler-Smalll method,

| congestion costs bascd on the high estimatss,

ES-19



A)

B)

AUTQ COSTS

— % 3 ‘:q' Other Parameter
ik =« =X Assumptions
< ; Yt
g MNotincluded ;4 % V= 1/3 x Hrly Wage
§ Lov // Vw=2.5xV
©  Middle
o Highway Capital
< High Cosgts not included
(& ]
AUTO COSTS ; : ‘r: Other Parameter
—_ £ < 2 Assumptions
L 7.
o Mot included %% V=1/3 x Hrly Wage
) S
.g Low A Vw=2.5xV
2 Middle i Peak Period Highway
£ High Costs
(& ]

KEY

a. System is cost effective with this set of parameter values
(i.e., the park-and-ride trip is Jess expensive than the

previous mode trip).

b. Costcomparison breaks even (i.e., cost of the park-and-

ride trip equals that of the previous mede trip).

% ¢. System is not cost effective (i.e., the park-and-ride trip
is more expensive than the previous mode trip).

Y = Yalye of In-Yehicle Time

Yw = Yalue of Qut-of-Yehicle Time ( Excess Time)

Figure 8. Trip Cost Comparison Sensitivity Analysis
for Various Input Parameter Yalues.
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[ | anto costs based on Hertz estimates,

| in-vehicle value of time is cqual to one-fourth the hourly wage rate, and

[ | the value of out-of-vehicle time is 1.5 times that of in-vehicle time,

The results of the lirst extreme case show the previous mode trip to be 7.2 percent less
expensive than the park-and-ride trip ($8.50 to $9.16). The results of the other extreme
case, however, indicated the previous mode trip to be 35.4 percent less expensive than
the park-and-ride trip ($12.33 to $9.17). These extremes encompass a very broad range
ol possibilities as far as the trip cost analysis is concerned, and indicate that park-and-
ride lots are highly likely to be cost effective for the situation analyzed in the preceding
cost analysis.

Measures of Effectiveness

In order to provide a more cemprehensive analysis, it was desirable to evaluate
several measures of effectiveness independently, and in as much as possible, in terms of
their own units rather than dollars. This was done for the following measures: travel
time, person miles traveled, vehicle miles traveled, traffic volumes, vehicle emissions,
accidents, and energy consumption. Table 2 presents a general summary of the
evaluation of these individual measures of effectiveness.

For the most part, park-and-ride lots have nhad a small, yet positive impact with
regard to individual measures of eflectiveness. Although travel time and person miles
traveled have slightly increased, the other measures -- vehicle miles traveled (VMT),
traffic  volumes, accidents, wvehicle emissions, and energy consumption -- have
experienced reductions. In ocher words, the negative impacts of slightly longer trip
tengths and travel times for the commuter is offset by the positive effects of a more
cfficient transportation system (fewer VMT), fewer vehicle accidents, better air quality,

and mors efficient use of energy.
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TABLE 2.

MEASURE OF EFFECTIVENESS EVALUATION SUMMARY

Measure of Effectiveness

Travel Time
Person Miles Traveled
Accidents

Energy Consumption

Measurg of Effectiveness
Vehicle Miles Traveled

Traffic Volumes

Vehicle Emissions
carbon monoxide
hydrocarbons
nitrogen oxide

total suspended particles

Units

minutes/person trip
miles/person trip

$ equivalent/person trip

gallon of gas/person trip

Units
miiles/day
vehicle trips/day

grams/day
grams/day
grams/day
grams/day
grams/day

Estimated Percent Change:
Park-and-Ride Trip vs.

Previgus Mode Trip
+13.3%

+3.9%
-35.5%

-21.3%

Estimated Net Pereens
Effect of Park-and-Ridc
Lots with Respect to

Total Regional Valugs
-0.5%!

-1.3%2

-0.09%3
-0.12%3
-0.16%3
+0.08%3

chpresents percent change with respect to total VMT on Interstate and principal

arterials in King County.

‘?Indicates percent change due to park-and-ride lots on the I-5 segment immediately

north of downtown Seattle.

3Re,pn:sents percent change with respect to total air pollutants in King County.
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CONCLUSIOQONS

General

The basic conclusion of this study is that park-and-ride lots in the Seattle
metropolitan area, as a system, arc cost effective. The bencfits they provide to the
general community justify their expense. Park-and-ride lots provide considerabie
savings to the user with respect to automobile and parking expenses and they also prove
beneficial to both WSDOT and METRO -- the agencies directly involved. The
investment WSDOT has madc in the park-and-ride system has been significantly out
weighed by user savings. With respect to METROQ, park-and-ride trips have proven less

costly to provide than other transit trips and in addition, the lots have contributed to an

increase in transit ridership.
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CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

General

The basic conclusion of this study is that park-and-ride lots in the Seattle
metropolitan area, as a system, are cost effective. The benefits they provide to the
general community justify their cxpense. Park-and-ride lots provide considerable
savings to the user with respect to automobile and parking expenses and they also prove
beneficial to the agencies directly involved.

As Figure 4-4 and the discussion in the "Agency and User Cost" section of
Chapter Four indicate, the investment WSDOT has made in the park-and-ride system is
outweighed by user savings. A study on park-and-ride lots in Texas (15) has shown that
lot utilization increases as highway congestion increases. Given the fact that the Seattle
arca continues to grow, and that it is unlikely that any new frecway capacity in the area
will be built, freeway congestion will undoubtedly increase unless alternative measures
arc taken. The park-and-ride system is among these alternative measures and is a
modcrately effective means which WSDOT can pursue to help alleviate the increasing
congestion on Seattle arca freeways. As for METRO, park-and-ride trips are less costly
to provide than other transit trips. This is because lots are typically provided with
express routes which have shorter transit run times and relatively high bus occupancies.

Another benefit of park-and-ride lots is that they play a significant role in
increasing transit ridership. This is evidenced by the fact that only 55 percent of park-
and-ride patrons previously used transit, while 85 percent currently use it. Park-and-
ride lots make transit an attractive alternative to commuters living in areas in which,

without such lots, transit would not be z feasible option.



In analyzing individual corridors, both the north and the southeast corridors,
given their current utilization rates, appear to be good invesiments, The north corridor
currently experiences relatively high lot utilization rates, while the southeast corridor is
under-utilized. Thus, the southeast corridor has the potential to be an even better
investment in the long run as the development continues and more commuters {rom that
corridor make the trip to downtown Seattie.

The lots 1n the two corridors not analyzed, the northeast and the south, raay
prove to be even better investments than those in the corridors analyzed. This
observation is based on a number of reasons. First of all, congestion costs in these two
corridors are 2 to 12 times greater than those in the other corridors (see Table 3-8,
Chapter Three). Second, lots in these corridors have diverted a higher amount of VMT
from the roadways than those in the north and southeast corridors (see Table 4-1 and
Figures 4-13 and 4-14, Chapter Four). And third, the distances between lots in these
corridors and downtown Seattle are generally longer than those for the north and
southeast corridor lots (the significance of this point will be explained in a later section
of this chapter: "General Guidelines for Locating Park-and-Ride Lots"). These factors
combined indicate that the lots in the northeast and south corridors are most probably
more cost effective than those in the north and southeast corridors. In light of this, it is
apparent that a detailed cost analysis based on all four corridors would provide an even
stronger case for the basic conclusion of this study -- that park-and-ride lots in the
Seattle metropolitan area are cost effective.

Another factor which, if considered, might provide an even stronger argument
for park-and-ride lots has to do with "park-and-pool” use of the lots. As indicated in the
"park-and-pool” section of Chapter Four, park-and-pool trips are more cost effective than
"park-and-ride transit” trips. The cost analysis for this study included only park-and-

ride trips destined for downtown Seattle -- of which only a small fraction (3.2 percent)
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were park-and-pool trips. Thirty percent of all park-and-ride trips go to destinations
other than downtown Scattle, and 88 percent of these are park-and-pool trips (See
Chapter Two, Figures 2-10 and 2-11}. These trips represent a significant portion of
park-and-ride trips and, if the entire park-and-ride system is to be cvaluated, they
should be considered. Doing so would provide an even stronger case for the conclusion
that park-and-ride lots are cost effective.

The bases for these general conclusions include several assumptions regarding the
value of various costs inherent in a commuter’s trip. Most significant among these are
the values for time costs, highway costs, congestion costs and auto costs. These are
based, respectively, on the value of in-vehicle time being equal to one-third the
commuter’s hourly wage rate, and the value of out-of vehicle time being 2.5 times that
of in-vehicle time; "peak period highway costs; middle range congestion costs; and AAA
auto costs. Each of these is outlined in detail in Chapter Three. However, the majority
of the other possible inputs discussed in Chapter Three, if used, would also yield the
general result that park-and-ride lots are cost effective (see Figures 4-9 and 4-10,
Chapter Four). Only with the use of the most conservative highway and auto cost inputs
and the highest value of iime do the lots become uncconomical.

As part of the sensitivity analysis (se¢ Chapter Four), the most extreme cases of
possible parameter combinations were identified and input into the trip cost model. The
result indicated that for the parameter combination most favorable to the previous mode
trip, the previous mode trip was only 7.2 percent less costly than the park-and-ride trip.
However, when the other extreme was considered, the park-and-ride trip was found to
be 34.5 percent less expensive than the previous mode trip. The most reasonable of the
input parameter combinations lay somewhere between these two extremes. The large
majority of the area between these two extremes represents cases in which park-and-ride

lots are cost effective. This study has considered both ends of the spectrum with respect
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to time, highway, congestion and auto cost inputs and for the most rcasonable of these,
park-and-ride lots have proven cost-effective.

Individua]l Measur f Effectiven

For the most part, park-and-ride lots have had a smail yet positive impact with
regard to individual measures of effectiveness. Although travel time and person-miles
traveled have shightly increased, the other measures -- vehicle miles traveled (VMT),
accidents, vehicle emissions, and encrgy consumption -- have expericnced reductions. in
other words, the negative impacts of slightly longer trip lengths and travel times for the
commuter is offset by the positive effects of a morc cfficicnt transportation system
(fewer VMT), fewer vehicle accidents, better air quality, and more efficient use of
cnergy.

In 1976, when the majority of the lots in the park-and-ride system had been
planned but not yet constructed, one study (3) estimated that the lots would save the
equivalent of 73 lane- miles of freeway construction on various segments of I-5, 1-90, [-
405, and SR-520. However, results from the Current research indicate that while this
may not necessarily be the case, lots are having an impact in reducing traffic congestion.
For instance, on I-5 betwcen downtown Seattle and SR-520 -- where park-and-ride lots
have the largest impact on traffic volumes -- 750 to 800 vehicles are diverted from the
roadway during the peak hour. Spread across the 8 lanes operating in the peak direction
(including the 4 reversible express lanes), this corresponds to a reduction of about 100
peak hour vehicles per lane.

An investigation of peak hour traffic on this segment of I-5 revealed typical peak
hour lane volumes of around 1700 vehicles per hour (vph). Peak period traffic at this

location is regularly congested. Data from the Traffic Systems Management Center
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{(TSMC) indicate peak hour specds ranging from 25 to 45 mph.l Adding another 100 vph
per lanc would significantiy contribute to the existing congestion and slow traffic down
even further.

At this point it cannot be said that additional freeway lanes would need to be
built if the park-and-ride system did not exist; however, park-and-ride lots do contribute
to alleviating freeway traffic congestion, and, in doing so, arc successful in the TSM
sense of making existing transportation facilities more ef ficient.

General Guidelines for Locating Park-and-Ride Lots

By providing some insight into what makes a lot cost effective, this analysis can
serve as a base for developing general guidelines for this purpose.

The lots that farc best are those for which a large percentage of users previously
drove alone. Areas in which the use of local transit is not a viable option (i.e., local
service is either sparse or nonexistent), and/or areas in which residents have a relatively
high propensity for driving, have the highest potential for being a cost effective park-
and-ride lot location. Conversely, areas which have rcasonably good transit service (such
as Northgate) are not necessarily good candidates for park-and-ride lots because, even
though they may prove to be well utilized, lots in these areas would draw a large
number of users away from local transit.

Based on the trip cost model results (sce Appendix D: Trip Cost Model Output
Tables), i also appears that lots located farther from downtown Seattle are more
effective than those located closer to the CBD. A value of 12.9 miles was found to be
tihie weighted average distance between the CBD and park-and-ride lots for which the

average park-and-ride trip vas calculated to be less expensive than the average previous

Druring the course of the peak period, 5 minute interval speeds range between 15
and 50 mph, but predominantly fall into the 25 to 45 mph range.
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mode trip. However, for lots for which the park-and-ride trip was more costly than the
previous mode trip, the average weighted distance to the CBD was only 8.6 miles.

One reason for this result is that, in general, lots in denser areas closer to the
CBD (such as the Northgate area where cxisting local transit service is relatively
extensive) divert a higher proportion of walk-to-transit riders to the park-and-ride tris.
whereas lots located farther out in the suburbs (where a high level of local transit

service does not exist) divert more auto commuters to the park-and-ride trip.

RECOMMENDATIONS

Based on this study’s conclusions, it is recommended that the park-and-ride
program in the Seattle metropolitan area continue. The researchers recognize that the
park-and-ride program in itself is not the complete answer to this area's problems of
urban congestion, pollution, energy consumption, and vehicle accidents; however, it does
aid in reducing the severity of these problems and should be continued as part of a
package of TSM tactics focusing on thesc problems. Another TSM tactic which
effectively complements the park-and-ride program is the high occupancy vehicle (HOV)
lane priority program. HOV lanes are lanes reserved during pcak periods for transit and
car/vanpool vehicles, By avoiding gencral traffic congestion in the other lanes, HOV
vehicles can travel faster than the general traffic. Such a program helps reduce the
travel time of the park-and-ride trip and in doing so increases the attractiveness and
cost effectiveness of the park-and-ride trip.

[t is also recognized that in order for the park-and-ride program to be most
effective, it has to be well managed. Locating park-and-ride lots is very important in
this regard. Lot utilization rates have often becn used to measure the successfulness of a
lot. This study however, defines "successfulness” in slightly different terms. Although
utilization rates are important, they are not a valid single measure of success. As this

study has shown, a lot can be heavily utilized {¢.g. Northgate at 96.5 percent) and still
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not be cost effective (the incurred cost of the park-and-ride trip from Northgate to
downtown Scattle is 4.0 percent greater than that of the corresponding previous mode
trip).

Thus, the rescarchers recommend that the general guidelines for cost effective
park-and-ride lot location as outlined in this report be considered when locating future
park-and-ride lots. However, they also recognize that these general guidelines can and

should be further refined to provide a more valuable set of park-and-ride lot location

guidelines.

AREAS FOR FURTHER RESEARCH

Several possibilitics exist for further research related to this project. One is to
expand this analysis to include the lots in the northeast and south corridors as well. The
researchers assume that these corridors would also prove cost effective -~ in fact,
probably even morc so than those already analyzed (sec text). Research here could
validate this.

Another possibility is to analyze the 30 percent of park-and-ride trips that go to
destinations other than downtown Scattle. Among other things, this could provide
considerable insight into the nature of park-and-pool trips, which comprise 88 percent of
the park-and-ride trips destined outside of downtown Seattle. The indications of this
study are that park-and-pool lots are more cost effective than park-and-ride transit trips.
Park-and-pool trips represent a substantial portion of park-and-ride trips and need to be
considered when evaluating the entire park-and-ride program,

Another idea for future resecarch is to modify the model developed for the trip
cost analysis and use it as a tool in testing and identifying locations for future park-
and-ride lots. The primary task involved here would be to acquire information or

develop assumptions regarding the previous modes of the would-be "park-and-riders.”
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Something which has been done to a limited extent in this stiady is an analysis of
park-and-ride lot market areas (See Chapter Two), For lots in the southeast corridor,
park-and-ride iot users addresses (from the park-and-ride lot survey) were plotted so that
the "catchment area” for each park-and-ride lot was graphically portrayed. Some
interesting observations can be made from these plots. For instance, the catchment area
for one southeast corridor lot (which had a very low utilization rate) was located
entirely within that of another. Performing this analysis for iots in the other three
corridors may yield additional insight into successful park-and-ride lot locations.

Another related issue which needs further research involves the social costs of
roadway congestion -- particularly in the Seattle area. This cost is a significant factor
in determining park-and-ride system benefits. Prior work in this area s scarce and a
need exists to identify and more accurately quantify the various components of
congestion costs,

This study recommends the continuation of the park-and-ride pregram and
suggests that locations farther from the central business district are best for future park-
and-ride lots. Before such a policy is implemented, however. the issue of equity must be
examined. Further research should be conducted related to the "fairness” of spending
scarce transit funds on a system which appears to benefit only persons in the suburban
areas. Perhaps research could identify if and how much park-and-ride lots indirectly
benefit inner urban areas. If it is found that they do not then perhaps a fair proportion
of transit funds can be identified for expenditures which would cqually upgrade transit
service in the more central urban areas.

Another implication of a policy which would encourage locating park-and-ride
lots farther from the CBD is that, by providing better and more efficient service to

outlying areas, this policy would encourage and induce tonger trips -- thereby supporting
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urban sprawl. Before actively implementing such a policy, this issue should be more

closely examined.
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COST EFFECTIVENESS OF
PARK-AND-RIDE LOTS IN THE
PUGET SOUND REGION



CHAPTER ONE: INTRODUCTION

BACKGROUND AND STUDY PURPQSE

Park-and-ride 1lots have become an integral part of the nation’s urban
transportation system framework. In major urban areas throughout the United States
such lots have been established to provide more efficient transportation and to assist in
the conservation of energy. These lots are parking flacilities, typically located some
distance from the central business district (CBD), where the commuter changes from an
automobile to some form of public transportation or ride sharing,

Implementing a park-and-ride lot program is considered a viable transportation
system management (TSM) tactic (37). TSM basically involves making the most
productive use of existing transportation resources through coordinated operations and
improved management -- i.e., improving the efficiency of the existing system rather than
expanding or replacing it. In these times of scarce resources, extensive capital
improvements to the urban transportation framework are proving both economically and
environmentally unfeasible. Thus, TSM is playing an ever increasing role in urban
transportation improvement decisions.

As a TSM tactic, a park-and-ride program is expected to influence travelers in
changing modes from single occupancy vehicles to either transit or ridesharing.
Although the extent and/or significance of this modal change has seldom been
quantified. it has been assumed that it has resulted in the positive effects of reduced
VMT, congestion, accidents, vehicle emissions and energy consumption.

The Washington State Department of Transportation (WSDOT) worked with the
Scattle Transit System between 1966 and 1970 to plan and implement a demonstration
project to provide express bus services (Blue Streak) on Interstate 5. The project proved

to be so successful that in 1970 Seattle Transit constructed the first permanent park-and-



ride lot in the Northgatc vicinity, Subsequently, METRO, which was formed originally
to provide metropolitan regional sewage collection, treatment, and disposal facilities, was
em powered to also provide metropolitan regional transit service. It acquired Seattle
Transit and extended transit service to the King County boundaries.

WSDOT continued its planning involvement with METRO by providing additional
park-and-ride lots in the Seattle metropolitan area. This culminated in the excceution of
a memorandum of understanding (MOU) between the two agencies in 1974. Under the
terms of the MOU, the Department was to construct a number of park-and-ride Iots near
or adjacent to various state highway routes within the metropolitan area, utilizing
appropriate funds (Interstate, state MVF and METRO wmatching dollars). METRO
constructed other lots.

As of March, 1984, the Scattle/King County area had 26 permanent, 8 semi-
permanent and 16 interim park-and-ride lots. These 50 lots cortained a total of 12,520
automobile parking spaces, To date, WSDOT has spent approximateiy $47 million to
construct the 26 permanent lots.

Planned additions to the existing park-and-ride system are extensive. Both
METRO and the Puget Sound Council of Governments (PSCOG), the regional planning
agency, recommend plans which would double the number of park-and-ride lots in the
Seattle/King County region (1) (2).

Despite the substantial sums of money that have been invested and are planned
for investment in park-and-ride lots, prior to this study littie had been done to evaluate
the total effectiveness of these lots. The initial goal of park-and-ride lots was to entice
automobile commuters into express buses to alleviate freeway traffic congestion. Encrgy
conservation became an additional objective with the advent of the Arab oil embargo in

the early 1970s. To entice commuters from their cars to transit, the benefit to



commuters has to be clear. Consequently, previous analyses of this topic have focused
on benefits to the users through economic savings and energy conservation.

However, a nced exists to take a morc comprehensive and detailed look at the
costs and beneflits of park-and-ride lots, not only with respect to the user, but with
respect to the community at large and to the public agencies responsible for providing
for the community’s transportation needs.

The purpose of this study is to make a significant contribution toward fulfilling

that need.

GOALS AND OBJECTIVES

The basic goal of this study was to determine the cost effectiveness of existing
park-and-ride lots with respect to the total transportation system in the Seattle
metropolitan area. Results from this study may also be of use in the development of
guidelines and tools for assessing the effectiveness of proposed park-and-ride facilitics.

In meeting this goal, the basic objective was to provide a total cost effectiveness
evaluation of the existing park-and-ride lot system which included looking at costs,

benefits and other measures of effectiveness as they related to each of the following

groups:
| the community at large,
[ ] the public agencies involved,
] ths park-and-ride lot user.

A "before” and "after” cost analysis was made to determine the effect park-and-
ride lots have on overall trip costs. Trip costs, as referred to throughout this report
unless otherwise stated, include much more than just out-of-pocket trip expenses. The
full cost of a trip includes every conceivable cost incurred to provide for that trip. This
involves the users’ costs of iime, vchicle operation and parking; public agencies’ of

roadway provision and maintenance, and transit service provision; the cost to roadway



users due to traffic congestion; and other publicly incurred costs such as city planning
and police services, and noise and air pollution. These trip cost components were
quantified in terms of dollars and aggregated so that a “"before” and "after” total cost
comparison could be made.

In addition to the total public and private cost comparison, a "before” and "after"
analysis was made for "user incurred” trip costs and for "public agency incurred” trip
costs. Comparing costs from these three different perspectives gave a clearer view of
how the benefits and costs of park-and-ride lots were distributed among the groups
concerned.

To provide a more comprehensive assessment, park-and-ride lots were also

evaluated on the basis of the following measures of effectiveness:

n travel time,

| person miles traveled (PMT),
| vehicle miles traveled (VMT),
| highway volumes,

| vehicle emissions,

| accidents,

[ ] and energy consumption.

In developing this study, the question arose of whether highway capital costs,
being "sunk" costs (i.e., the investment in them has already been made), should be
included in the cost analysis. Arguments can be made both for and against including
these costs in the analysis, depending upon the purpose of the study and the application
of its results.

However, the basic purpose of this study was to determine the cost-effectiveness
of the existing park-and-ride system in terms of the entire transportation system. Have

the lots been a worthwhile investment? Since all the capital costs considered in this



analysis -- including those for both freeways and park-and-ride jots -- are "sunk" costs, it
is legitimate to include capital costs, including those for freeways, in the cost analysis.

Another strong argument for the inclusion of highway capital costs is that, with
respect to the park-and-ride system, WSDOT’s "participation with gas tax money is based
on the premise that the construction of the park-and-ride lot system will relieve the need
for the construction of additional highway lanes" (28). Whether this is true or not wiil
be analyzed and discussed in this report,

Another instance in which highway capital costs should be included is that in
which the transportation system of the given area is in its infancy. In other words, the
construction of ecither freeway lanes or a park-and-ride system are both viable
alternatives (neither are "sunk" costs in this case). In this instance, the trading off of
the cost of freeway capacity with that of the park-and-ride system is an appropriate
strategy.

However, there are also scenarios in which including highway capital costs is not
necessarily appropriate. One such case involves analyzing the cost effectiveness of a
single proposed park-and-ride lot. For this case, highway capital costs are "sunk" but the
cost of the lot is not. Given a sitvation in which it is highly unlikely that many
additional freeway lanes will be built (which is the case for most major urban areas in
the U.S, including Seattle), the trade-of f between the cost of the park-and-ride lot would
not be the cost of additional freeway construction, but rather the cost associated either
with the increased freeway congestion which would result if the lot were net built, or
with the cost of implementing an alternative TSM tactic of equivalent effectiveness, or
else with the cost of implementing some¢ other ferm of mass transportation.

Since a sidelight of this study is to provide a base which may be used in
developing gencral guidelines for evaluating the effectivencss of future park-and-ride

lots, the above scenario was considered. For this, general estimates of congestion costs



were developed for inclusion in the cost analysis. Due to limited resources, costs of

alternative TSM tactics or mass transit options were not developed.

STUDY NQTES AND PE

This study included a survey of park-and-ride lot users which provided much of
the information used in the cost effectiveness and benefit cost evaluations. The survey
covered 26 lots in the Seattle metropolitan arez. These 26 lots were divided into four
corridors as shown on the study areca map in Figure I-1. For this study, some measures
of cffectiveness were cvaluated over the cntire 26 lots, but due to limited rcsources, the
majority of the analysis was performed on just two corridors -- the north and the
southeast -- consisting of 11 lots. These two corridors were chosen because they exhibit
the relative extremes of Seattle area park-and-ride lot utilization. The north corridor lots
had the highest combined utilization rate while the southeast lots had the lowest. The
north corridor is in a relatively mature stage while the southeast corridor is still young
and growing. Encompassing these two corridors in the analysis enveloped both ends of
the spectrum of park-and-ride lots in the Seattle area.

Park-and-ride lots in the Scattle arca were designed primarily to serve the
suburban commuter trip to downtown Scattle. This is reflected in the fact that 95
percent of park-and-ride trips are work trips, and 70 percent of those from the north
and southeast corridors go downtown. This study focuses on this primary park-and-ridc
trip -- the work trip to downtown Scattle -- in its before and after analysis. In addition,
all cases in which the mode used before using the park-and-ride lot (i.e., the "previous
mode") was unknown -- or in which no previous trip was made -- were discarded, leaving
a total of 467 cases from which the detailed cost analysis was performed. This case
selection process is summarized in Table I-1.

Various component costs comprise the full incurred cost of a commuter trip. For

many of these cost components there is not onc single value which can be assigned to it
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KEY TO PARK-AND-RIDE LOT NUMBERS
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16
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19
20
21
22
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24
25
26

Lot Name

Greenlake

North Seattle
Northgage
Shoreline
Mountlake Terrace
Lynnwood

Overlake
Redmond
Kingsgate
Brickyard
Bothell
Kenmore

South Kirkland

Wilburton
South Bellevue
Newport Hills
Eastgate
Issaquah

Olsen-Meyers
Burien 362
South Renton
Kent

Kent-Des Moines
Star Lake
Federal Way
Auburn

Figure 1-1. Park-and-Ride Lot Study Arca Map (Continued)



TABLE 1-1.
CASES FOR WHICH IN-DEPTH TRIP COST ANALYSIS WAS PERFORMED

In-depth trip cost analysis was perolrmed for cases which represented only

[ | north and southeast corridors,
| work trips, and
[ | Seattle CBD destined trips.

Cases were discarded for which the previous mode listed was
[ | "did not make trip," or

| "other."

In total, 467 cases were analyzed in the two corridor area.

which will satisfy all points of view. For instance, based on information from the
Federal Highways Administration (FHWA), the cost per freeway mile of owning and
operating an intermediate size automobile is $0.240. Many would consider this to be too
conservative and belicve that the $0.339 based on American Automobile Association
(AAA) data is more recalistic. Where differences such as this existed total trip costs
using c¢ach of the possible values for the cost component in question were calculated.
This naturally resulted in different trip costs and different trip cost comparisons. When
several cost components were varied in different combinations, a wide range of trip
costs and comparisons resulted. These cosis are all presented along with clear notation
defining the assigned wvalue of each cost component involved. A recommendation is
made as to which complete set of assumptions is considered most reasonable. The

recommended set was used in the detailed trip cost analysis.



REPORT QORGANIZATION

This introductory chapter is followed by "Chapter Two: Fark-and-Ride Lot
Survey," which briefly describes the development and conduction of the park-and-ride
lot survey and discusses its results. "Chapter Three: Analytical Methods" outlines the
development of the commuter trip cost modcl. "Chapter Four® prcsents the results from
the trip cost mode! and the cffectiveness cvaluation alony with an analysis of these of
cach. "Chapter Five" summarizes a separatc but related study on the enecgy intensity of
the Seattle area park-and-ride system. Significant conclusions and recommmendations are
put forth in the sixth and final chapter, "Practical Implications." The list of references

and the appendices comprise the remainder of the report.
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CHAPTER TWO:
PARK-AND-RIDE LOT SURVEY

DEVELOPMENT AND CONDUCTION OF SURVEY

A lot of the data nceded for this study were available through traditional sources.

However, certain types of data regarding the park-and-ride lot user were not available

and had to be obtained with a special survey. What follows is a brief overview of the

development and conduction of this survey. A more detailed description is contained in

Appendix A.

The following list of required information was developed which could be

obtained from park-and-ride lot users:

travel modes:
- mode before using park-and-ride lot (previous mode)
- mode from origin to park-and-ride lot

- mode from park-and-ride lot to destination

vehicle occupancies:
- park-and-ride lot access trips
- park-and-ride lot to destination trips and for park and pool trips

trip origin and destination (to nearest street intersection)

trip surpose

nark-and-ride lot use frequency

access trip and carpool vehicle data such as vehicle make, model, and year
vehicle ownership information

transit routes and runs vsed

parking fec at destination for poolers.



Based on this information, survey questions were developed which would provide a
composite yet still anonymous picture of the park-and-ride iot user. It was decided that
a windshield-placed, mail-back, business-reply survey was the most cost-elTective means
of acquiring the necessary data.

The survey questionnaire was drawn up, revicwed and revised, and then used in a
pilot survey at two large park- and-ride lots (Federal Way and Kingsgate). One hundred
cars within each lot were chosen for the pilot survey. The pilot survey produced a
return rate of 29 percent with a good quality of response. It was determined that
approximately 2,000 survey responses would give adequate statistical significance to the
survey results. It was estimated that 6,500 stalls in the 26 lots were currentiy used.
Given this, and the 29 percent pilot survey return rate, it followed that ail lots and all
used stalls would have to be surveyed to attain the desired level of response.

The final revision of the questionnaire resulted in the 16 question form shown in
Figure 2-1. The bulk of the survey (24 lots) was conducted on Thursday, fune 2, 1983,
Two additional lots were surveyed on the following day. | |

In all, 6,138 forms were distributed and 2,402 were returned for an overall return
rate of 39.1 percent. Table 2-1 gives the general survey information by lot and by
corridor.

The survey forms were sorted, edited and coded by TRAC survey staff. Origin
and destination census tracts and traffic analysis zones (TAZ's) were dclermined
individually for each case from questions 4 and 5 on the survey form. All the coded
survey data were then entered into a computer data file to be analyzed and used in a

number of ways.

SURVEY RESULTS

Simple tabulations of the survey are indicated on the survey form in Figure 2-1.

Initial analysis of the cdited and validated survey data were presented in a scparate
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TABLE 2-1.
SURVEY DISTRIBUTION SUMMARY

Number Percent. — Surveys Returned
of Surveys Utiliza-
North
1st NE & NE 100 99 ‘ 72 72.7 30 41.7
Northgate 515 80 932 186 38.8
Shoreline 378 210 55.6 69 329
Lynnwood 808 735 91.0 207 28.2
Mountlake Terrace 337 62 18.4 32 51.6
NE 65th at I-5 185 119 64.3 49 41.2
Corridor Totals 2322 1678 72.3 573 34.1
Southeast
Wilburton 190 121 63.7 47 38.8
South Bellevue 362 46 12.7 18 39.1
Eagtgate 626 342 54.6 163 477
Issaquah 358 243 67.9 93 383
Newport Hills 284 60 21.1 28 32.1
Corridor TFotals 1820 812 44.6 349 43.0
Northeast
Overlake* NA NA NA NA NA
Redmond 344 213 61.9 101 474
Kingsgate 502 326 64.9 122 374
Brickyard Road 207 159 76.8 46 28.
Bothell 163 125 76.7 57 45.6
Kenmore 432 330 76.4 144 433
South Kirkland 603 457 75.8 204 444
Corridor Totals 2251 1610 71.5 674 419
South
QOlson Meyers 562 91 16.2 44 484
Burien 362 21 58.3 90 427
Kent-Des Moines 235 163 69.4 75 46.0
Star Lake 499 177 35.5 74 62.2
Federal Way 789 651 97.0** 232 35.6
Auburn 367 216 58.9 74 43
Kent 729 298 409 125 419
South Renton 370 231 62.4 81 35.1
Corridor Totals 3913 2038 521 795 39,0
System Totals 10306 6138 60.7 2402 39.1

*  Lue to circumstances, this lot was not surveyed.

*+  Utilization percentage incorporates 114 surveys distributed in the Federal Way lot in a test survey. Surveys
returned from this test are not included in the final survey.
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report which has been included as Appendix B of this report. A morc in-depth analysis

of selected survey results is included in the following section.

ANALYSIS OF SURVEY RESULTS

mparison of Corridor Resul

An investigation of the survey results reveals strong similarities among corridors,
but also some unique characteristics. The categories "Percent Utilization" and "Mode
from Lot" are most immediately revealing for determining effectiveness. The average
annual utilization rates (provided by Metro) show the changes in lot utilization and
capacity for the years 1979 - 1984 (see Figure 2-2) and give a more accurate picture of
utilization then one day surveys. Comparing the corridors, the Southeast and South
corridors have low utilization rates when compared to the North and Northeast
corridors.

The lower utilization of the Southeast corridor is a result of two lots within the
corridor which greatly upset the corridor average (see Figure 2-3 for utilization at time
of TRAC survey). Eliminating the effects of these two lots and two other low
utilization lots which upset the averages of the two other corridors {one each in the
north and south corridors) brings the percent utilization for cach of the corridors into
line with the overall percent utilization.

Utilization by Lot

The South Bellevue lot opened in February 1981 and has since cxpcrienced
extremely low utilization (down to 12.7 percent in 1982, sce Figure 2-4). As the second
largest ot in the Southeast corridor, its 362 stalls reflect 19.9 percent of the corridor
capacity. It is the closest to the Seattle CBD of three lots located along 1-90. By 1984 its

utilization had risen to only 18.0 percent.
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Figure 2-2. Annual Average Utilization of Park and Ride Lots -

Corridor Comparisons.
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The Newport Hills lot, also in the southeast corridor, opcned in June, 1982, Since
then its utilization has only increased to 24.3 percent,

In the Northeast corridor, the Mountlake Terrace lot is the only one with a
seriously low occupancy, 18.4 percent. It had beecn npened just prior to the TRAC
survey, in April, 1983. Metro's figures show that the average annual utilization for 1984
was 49.6 percent. The low utilization noted by the TRAC survey can be attributed to
the lot’s recent implementation.

In the South corridor the Olson-Meyers lot has had its average annual utilization
increase from 11.0 percent (1979) to only 18.1 percent (1984). At 562 stalls, it has the
sixth largest capacity of any of the lots in the survey. The lot opened in Sentember,
1979, and its low utilization rate is quite firmly established.

A common factor of the three lots still reflecting serious under-utilization in
1984, is their proximity to the Seattle CBD, as shown in Figure 2-5. Figure 2-6 gives a
closer look at the two lots in the southeast corridor and suggests explanations for their
low utilization rates. The catchment area of the trip origins of users of any given lot is
a tear-drop shape. The narrow end of the tear drop is located at the park-and-ride iot
and the wide end fans out from it, in a direction away from the Seattle CBD. As might
be expected the origin densities relate strongly to the lots” utilization rates. Users tend
to select the lot closest to their origin which is located between their origin and the
CBD.

The South Bellevue lot is the closest to the Seattle CBD of the Southeast corridor
lots. The lot is removed from concentrated trip origin densities of park-and-ride lot
users. Its catchment area is very small and the majority of users within this catchment
prefer the Wilburton lot,

A possible problem with respect to the Newport Hills lot is its proximity to the

division between the Southeast corridor catchment area and the South corridor
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catchment area. With its location relative to the three other South east corridor lots, it
must draw users from the area to the south., A user whose origin is more than two or
three miles south of the Newport Hills lot may well choose to use a park-and-ride lot
from which the bus routes travel around the south end of Lake Washington to avoid the
congestion of the 1-90 bridge (if destined for the Seattle CBD). This would preclude use
of the Newport Hilis lot.

The South Bellevue and Newport Hills lots face serious utilization difficulties.
Figure 2-6 shows the number of housecholds in each square mile. The Wilburton and
Eastgate lots are further from the Seattle CBD than are the South Bellevue and Newport
Hills lots, but household density is higher in their catchment areas. If the population
densities of the South Believue and Newport Hills lots’ catchment areas increase to
become more in line with densities just several miles further out (from the Seattie CBD),
their utilization rates may improve,

The Olson-Meyers lot has different site characteristics than the two above-
menticned lots. It is located in the Duwamish industrial area to the south of the Seattle
CBD. While other lots are located in the user’s neighborhood, the immediate surrounding
area of the Olson-Meyers lot does not include residences. This indicates that most users
would have to travel a greater distance to arrive at this lot than would users of other
lots. Since this lot is among the lots closest to the CBD (in terms of driving time), it
may well be that the transfer to public transit here is less desirable than either
connecting to transit at a point closer to on¢’s origin or simply driving into the CBD.

Several lots have very high average annual utilization and appear to be examples
of successful locations. Later in this report {Chapters 4 and 6), the term "successfulness”
as it pertains to this cost effectiveness study is qualified. Certainly, utilization plays an
important role, but it is not the only indicator of a successful park-and-ride lot. In the

North corridor two lcts have very high utilization: Northgate, at 96.1 percent (1984), and
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Lynnwood, at 104.7 percent (1984). In the south corridor the Federal Way lot has an
average annual utilization of 104.7 percent (1984). When rates are this high there can be

uncertainty on the part of the user as to the availability of parking space. Clearly, in

these areas the demand cxceeds the supply.

Mode from Lot

Each corridor has one lot with a rate of carpooling and/or vanpooling
significantly higher than the overall rate (10.2 percent carpooling, 4.7 percent
vanpooling). Car and vanpooling rates for these lots are presented in Figure 2-7, and
their relative locations are indicated in Figure 2-8.

In the North corridor the Northeast 65th and I-5 lot has a vanpool rate of 44.9
percent and a carpool rate of 224 percent. A majority of these car/vanpoolers (59.2
percent) had Everett-Mukilteo as a destination, An additional 222 percent
car/vanpooled to Auburn, while none car/vanpooled to the Seattle CBD (see Figure 2-9).

The Mountlake Terrace lot has a 28.] percent carpool rate but this refleccts only
nine respondents. The most popular destinations are the Secattle CBD and the Bocing-
Duwamish area.

In the Northeast corridor the Brickyard lot has a 34.8 percent carpool rate and an
identical (34.8 percent) vanpool rate.

In the Southeast corridor the Wilburton lot has a carpool rate of 723 percent.
One third of these are destined for Mukilteo, 23.3 percent for Bellevue, and 20.0 percent
for the South Center arca. None is destined for the Seattle CBD.

In the South corridor the Star Lake lot has a 24.3 percent carpool rate and a 12.2
percent vanpool rate.

Analysis of destinations from ali lots in the North and Southeast corridors shows
only 12.0 percent of car/vanpoolers were destined for the Seattle CBD. This dcstinatiop

ranked third, with the South Center area and Bocing-Mukilteo destinations
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ranking first and second, respectively, at 24.1 percent and 16.5 percent (see Figure 2-10),
The low percentage of non-transit destinations to the Seattle CBD is in sharp contrast to
the transit Seattle CBD destinations (12.0 percent versus 83.0 percent) (see Figure 2-11).
Most of the vanpooling present in the Seattle metropolitan area receives support from
employers. Participants in any given van are generally from the same work place.
Car/vanpooling occurs for trips that are not well served by public transit. Taking
transit into the CBD is easier than taking it to the outlying destinations, so the rate of
car/vanpooling from park-and-ride lots to the CBD is low in comparison. Hence, major
car/vanpooling destinations from park-and-ride lots are widespread throughout the
region (see Figure 2-12). Four of the five lots with high car/vanpooling rates arc
located north of I-90. Most of the non-urban car/vanpool destinations (i.e., not Seattle

and Bellevue) occur south of 1-90.

Large employers who promote vanpooling are located primarily outside the CBD.
These include Boeing, the Todd and Lockheed shipyards, Honeywell, and Virginia Mason
and Swedish hospitals. It should be noted, however, that the two major employers within

the Seattle CBD, the Federal Building and Pacific Northwest Bell, also support

vanpooling.
Previous Mode

Of the respondents, 92.7 percent drove alone to the park-and-ride lots (see
Figure 2-13). 13.8 percent of these had previously (i.e., beforc using the park-and-ride
lot) walked to transit but are now driving to the lots (see Figure 2-14); thus, while some
automobile traffic has becn created by the lots, some¢ automobile traffic has been
eliminated (35.1 percent had previousiy driven alone the entire distance to their
destination but are now only driving as far as the park-and-ride lot). For some users the
lots are merely a convenience (19.8 percent of those who drove alone to the lots had

previously driven to transit) and their prcsent use of the park-and-ride lot has no major
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effect on highway congestion. The mode from the lot was 84.7 percent transit and 14.8
percent car/vanpool, as shown in Figure 2-15. Figure 2-16 presents the mode from iot
breakdowns by corridor. The Southeast corridor has a lower use of transit from lot than
the norm (72.5 percent versus an 83.5 percent average for all lots). This difference is
made up by increased carpooling (20.9 percent versus 10.2 percent over all). Park-and-
ride trips are categorized by trip purpose in Figure 2-17. At 94.6 percent of all trips,
travel to work was by far the dominant trip purpose.

Comparing the mode from lot by trip purpose reveals that 10.0 percent of users
who were going to work did so by carpooling.

Fr ne

Respondents tended to be frequent users, with 89.3 per cent of them using the lot
at least four times per week (see Figure 2-18). Comparing frequency to mode from lot
yields the following results (among those using the lot at least four times per week):
transit 89.0 percent, carpool 88.3 percent, vanpool 99.2 percent. Vanpoolers are
extremely consistent in their daily use of the lots (see Figure 2-19).

Yehicle Qwnership

As a group, park-and-ride users come from households owning more vehicles than
the average. Figure 2-20 compares the TRAC survey results with 1980 census data for
King County and for suburban arcas cast of Lake Washington. King County has 15.8
percent houscholds without cars and the suburbs have 7.3 percent households without
cars. It is assumed that persons driving to the park-and-ride lots did not come from
households which do not own any automobiles. While park-and-ride lot users appear to
have significantly higher auto ownership than the county average, they do not appear to

have auto ownership which is much higher than the east side suburban average.
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Yehicle Size/Age

Private vehicles used from the lot to the destination (i, for carpooling and
vanpooling) tend to be larger than those used to access the lot (see Figure 2-21). Eight
cylinder engines account for 46.4 percent of egress vehicles and 29.5 percent of access
vehicles. Egress vehicles also tend to be newer with 60.4 percent of them being 0-5 years
of age versus 30.6 percent of the access vehicles.

Survey Results Summary

Of the 25 lots covered in the survey, only three are presently experiencing
significantly low utilization. Transit is taken to destinations by 83.5 percent of the ot
users, 10.2 percent carpool and 4.7 percent vanpool. Very little car/vanpooling is
destined for the Seattle CBD {only 12 percent in the two corridors which received
detailed analysis). The lots have reduced automobile traffic -- 35.1 percent of the users
had previously driven alone to their destination. Vehicle ownership data indicate that

lot users are of average income for their neighborhood but above average for King

County,

COMPARISON WITH OTHER PARK-AND-RI RVEY

METRO Aver Annual Utilization n{s

Utilization data for permanent lots (in the Metro service area) are available for
the years 1979-1984. Figure 2-22 shows total utilization and capacity for the lots. The
ycars 1980 and 1981 show significant utilization and capacity increases over the previous
year. In 198] the utilization again increased significantly (28.3 percent) but the capacity
jumped 57.7 percent, resulting in a utilization rate of 66.9 percent. For the next three
years (1982-1984) utilization and capacity only increased slightly, and the gap between

them did not noticeably change.
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Utilization and capacity by corridor are shown in Figures 2-23 through 2-26. The
North Corridor (Figurc 2-23) shows the hecalthicst response of utilization to capacity. In
1979 and 1980 the utilization was roughly 100 percent. Major e¢xpansion in 1981 was met
by a major increase in utilization. Capacity incrcased gradually, through 1984, and
utilization increased accordingly.

The Northeast corridor (Figure 2-24) cxpcricnced_ a stcady increase in capacity
from 1979-1982. Utilization stabilized in 1981, remaining unchanged through 1984. The
capacity remained unchanged from 1982 - 1984, with utilization staying at only 65
percent,

The Southeast corridor (Figure 2-25) had good utilization in 1980. Utilization
increased only slightly in 1981, and then remained unchanged through 1984. Major
expansion occurred in 1981, and then remained unchanged through 1984, giving low
utilization rates {48.6 percent by 1984).

The South corridor (Figure 2-26) followed a pattern similar to that of the
Southeast corridor. Utilization had stabilized by 1981, at which time capacity was
increased by 62.1 percent. For the years 1981 - 1984 utilization remained at around 60
percent.

The expansion in overall capacity, which occurred in 1981, has not been met by
the anticipated increase in utilization.

TRANSPO Study

The "Park-Ride Sizing and Prioritization Study" was prepared flor the
Municipality of Metropolitan Scattle (Mctro) in 1982, by the TRANSPQ Group, Inc. (16}
Part of the study focused on the existing Park-and-Ride program. This study reviewed
results from two previous surveys, some of which can be compared to the results of the
1983 TRAC survey. Figure 2-27 shows comparisons of previous modes. Results of the

three surveys are very similar. Two-thirds to three-quarters of the users had previously
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used automobiles, in some fashion, to reach their destinations. Those who had
previously used transit ranged from 10 to 20 percent. The TRANSPO study comments
on this by pointing out that the park-and-ride lots are not reiying on patronage from

pcrsons who have previously walked to transit.
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CHAPTER THREE: ANALYTICAL METHODS

ANALYSIS NEEDS

"Total” trip costs consist of total incurred system costs -- including public costs
and both user (including the costs of time) and agency costs where they do not overlap.
Besides looking at total costs, it was of interest to look at user costs and agency costs
individually. Thus, a convenient means had to exist for separating these costs from total
costs. In addition, for a more complete cost-effectiveness analysis, it was desirable to
make separate "before” and "after” evaluations of the measures of effectiveness outlined
in Chapter One.

With these basic analysis needs in mind, a model was required which would
rcasonably estimate all identifiable costs of the commuter trip.

The model had to be theoretically consistent in estimating costs [or each of the
four previous mode and the two park-and-ride trip types. For the cases analyzed by the

trip cost model, the percentage breakdown of previous mode trip types was as follows:

Walk to transit 22.5%
Drive to transit 32.1%
Drive alone (auto) 34.3%
Car/vanpool 11.1%

The corresponding park-and-ride trip breakdown was as follows:
Park-and-ride transit 96.8%
Park-and-ride car/vanpool 3.2%
Across these six trip types, the model had to be consistent in estimating the
following types of costs:
[ ] Private costs associated with owning and operating an automobile

u Agency costs associated with providing transit service
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| Cost of providing and maintaining the roadways {(termed "highway cost")

[ | Congestion costs incurred by all roadway users
n Public cost for commuter related services (police, planning, etc.)
| Public cost associated with noisc and air pollution.

KEELER-SMALL MODEL

Following a literature search and review, a model developed by Keeler, Small and
Associates (4) was chosen as a base from which to develop the trip cost model in this
study. The Keeler-Small model was chosen primarily because 1) it encompassed all of
the basic types of costs desired for this study, and 2) it was developed as part of a very
thorough and highly regarded study which remains today a principal work on the
subject of urban transport costs.

What follows here is a bricf general description of the Keeler-Small Model, For a
more detailed account the reader is referred to the original source.

The Keeler-Small Mode! was developed to estimate trip costs for the major urban
transportation modes -- auto, bus, and rail -- in the San Francisco Bay area. By
including travel time costs, public services, and pollution and accident costs, it
accounted for more costs than most previous studies.

In addition, expanding upon the economic theory of optimal highway pricing and
investment, the Keeler-Small Model was developed with the capability to determine
capacity related costs, optimai tolls {congestion tolls), and optimal service levels (volumes
and speeds) for freeway service over five dilferent periods of the day. As such, it
provided a theoretical way of allocating reeway costs between peak and off-peak uscrs.
Keecler and Small’s treatment of allocating highway costs was adapted to this study;
however, for reasons outlined later in this chapter, the results of this highway cost

trcatment were not detcrminced appropriatc for this study.
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The following lists the cost components included in a Keeler-Small calculation of

the full cost of a peak hour auto work trip;

Public costs (including costs of highway use, local government services
associated with roadway provision and maintenance, and noise and air
pollution) in $/vehicle-mite.

Travel time costs (both in-vehicle and out-of-vehicle) in $/person-hour.
Direct automobile operating costs in $/vehicle-mile.

Auto capital costs (including interest and depreciation costs) in $/vehicle-
mile

Accident costs in $/vehicle-mile.

Parking costs in $/vehicle-trip.

The costs included in a Keeler-Small calculation of the full cost of a transit work

trip are as follows:

Public costs in $/vehicle-mile.

Travel time costs (in-vehicie and out-of-vehicle) in $/person-hour

Total transit operating costs {(including bus capital, bus operation, highway
capital, highway maintcnance, environmental and associated government

agency costs) in $/vehicle-hour.

ENERAL ADAPTATION ND A TION

To fulfill the neceds of this study, some general modifications needed to be made

to the Kceler-Small Model. The first and most obvious was to modify the parameters

rcfleéting the Bay arca in 1972 so that they represented 1983 Seattle area values.

Second, the Kceler-Small Model calculated costs for aute, bus, and rail modes.

However, the trip cost modcl for this study had to be capable of calculating not only

auto and bus trip costs, but those reflective of park-and-ride trips as well. This was
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accomplished by simply combining the appropriate auto and bus mode costs with park-
and-ride lot associated costs.

Third, a method of rcasonably allocating highway costs to highway users had to
either be determined or developed. Four methods -- including the Keeler-Small method --
were considered and are discussed later in this chapter,

Fourth, the Keeler-Small study did not explicitly account for the costs that
traffic congestion imposed on all highway users. Since a primary argument for park-
and-ride lots is that they help alleviate {reeway traffic congestion, a method for
quantifying this benefit was developed and incorporated into the trip cost calculations,

Fifth, the objective of the Keeler-Small study was to estimate the full cost of a
“typical" Bay area work trip. It used average Bay area data to calculate an average Bay
area trip. For this study, actual individual trip case data with which to estimate the
full cost of each individual trip was available. Wherever possible, empirical parameters
and data specific to the case being processed were used.

To further refine the model, a "cold start” factor was incorporated into the auto
trip cost calculation for this study. A recent study (5) indicates that auto engines are
not fully warmed up until they have traveled five miles. Consequently, automobiles are
less fuel efficient over the initial five miles of a trip. Since the majority of park-and-
ride lot access trips are of a relatively short distance, the cold start factor was a
significant consideration in calculating park-and-ride trip costs.

The assumptions used to obtain the values for individual cost components arc
outlined in detail in the following section. Major deviations from the assumptions that

the Keeler-Small study used will be noted.

TRIP COST MODEL QUTLINE

Table 3-1 lists the total public and private cost components which comprise the

trip cost model. Each of these components -- time, public, automobile, parking and
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Table 3-1.

PARK & RIDE PROJECT TRIP MODEL COST COMPONENTS

*+ TOTAL PUBLIC AND PRIVATE COSTS **

Time Costs:
- In Vehicle Time (1/3 x hourly wage rate)
- Out of Vehicle Time (173 x 2.5 x hourly wage rate)
Public Costs:
- Provision & Maintenance of Roadway
- Other Government Provided Services (Planning, Police, etc.)
- Environmental (Noise & Pollution)
Automobile Costs:
- Ownership and Operating (Not Including Fuel & Accident)
- Fuel
- Accident
Parking Costs:
- Provision of P&R Lot Parking
- Parking at Destination
Transit Costs:

Total Transit Costs
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transit costs -- and their subcomponents will be discussed in detail in the following
sections. The components which comprise user incurred costs and agency incurred costs
ar¢ outlined in Tables 3-2 and 3-3, respectively. Basically, user costs consist of
automobile related costs, user parking fees, transit user fares, and the cost of the users’
time. The model was designed so that the inclusion of time costs would be optional.
Agency costs include primarily services provided by two agencies: the highway agency
and the transit agency. Highway agency costs consist of roadway provision and
maintenance costs and the cost of constructing park-and-ride lots {METRO provided 0
percent matching funds; this is included). Transit agency costs include the total costs of
providing transit service (less the users’ fare) and the cost of maintaining the park-and-
ride lot. A minor portion of agency costs is incurred by other agencies. These costs
include city planning, police and fire agency costs.

A complete listing of the Fortran coding of the trip cost model is contained in

Appendix C.

TIME CQOSTS

Studies on the values people place on their travel time to work indicate a range
of values. For in-vehicle time, this range is typically from one-fourth to one-half their
hourly wage rate (7), while out-of-vehicle time, (walking and waiting time) ranges from
1 to 4.5 times that of their in-vehicle time (8). For the purposes of the detailed cost
analysis of this study, a middle range value of one-third the commuter's hourly wage
ratc was used for the value of in-vehicle time, and 2.5 times that value was used lor the
vaiue of out-of-vehicle time.

The model was designed so that these assumed values could be easily changed.

For the sensitivity analysis, a range of values for travel time was considered in

52



Table 3-2.
PARK & RIDE PROJECT TRIP MODEL COST COMPONENTS
¢+ USER COSTS **

Time Costs: (Optional)
- In Vehicle Time
- Out of Vehicle Time

Public Costs: (Not Included)
Automobile Costs: (Not Included)

- Ownership and Operating (Not Including Fuel & Accident)

- Fuel

- Accident
Parking Costs:

- Parking at Destination

- (P&R Lot Parking Is Free to User)
Transit Costs:

- Transit User Fare
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Table 3-3.
PARK & RIDE PROJECT TRIP MODEL COST COMPONENTS
** AGENCY COSTS *+

Time Costs; (Not Included)

Bublic Costs:
- Provision & Maintenance of Roadway (Highway)
- Other Govemnment Provided Services (Various)
- Environmental (Not Included)
Automobile Costs: (Not Included)
Parking Costs:
- Provision of P&R Lot Parking (Highway)*
- Maintenance of P&R Lot Parking (Transit)
- Parking at Destination (Not Included)
Transit Costs:
- Total Transit Costs (Transit)

*METRO provided 10 percent matching funds on construction costs. This is included in this cost estimate,



calculating the "before” and "after” trip costs. The results of this sensitivity analysis are
discussed in Chapter Four.

The question of income was not included in the park-and-ride lot user survey due
to the sensitive nature of the question and its expected negative effect on the rate of
survey rcturns. However, users’ addresses were known and it was thus possible to match
a park-and-ride user living in a given area with the typical average income for that
area. The finest breakdown of income information available was from the U.S. Census
Bureau’s 1980 Urban Transportation Planning Package (UTPP), or Journey to Work File.
Workers® earnings by census tract were acquired from this. This information was
updated to July 1983 values by means of consumer price indices and integrated into the
individual data case records. For the case data analyzed, the mean hourly wage was
$10.17 in July 1983 dollars. This corresponded to an average of $3.39 per hour for in-

vehicle time and an average of $8.48 per hour for out-of-vehicle time.

PUBLIC COSTS

Highway Costs

A significant cost associated with a vehicle trip is the cost of providing and
maintaining the roadway upon which that trip is made. In order to estimate the "total”
incurred costs of a trip this cost must be considered. The main difficulty with this is
determining how to assign the appropriate portion of the aggregate highway costs to an
individual vehicle trip. Depending on one’s point of view any number of methods may
be used for this purpose. Four different methods were considered for this study and one
was chosen for use in the "in-depth” analysis. At the root of all these methods were total
annual highway costs.

Total annual highway costs include all costs associated with acquiring the

roadway right of way, and constructing and maintaining the roadway. Land acquisition
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and construction costs for Seattle area freeways were compiled in terms of dollars per
lane-mile from historical records provided by WSDOT. Historical costs were converted
to 1983 dollars by means of the Washington State Highway Construction Costs Index (17).
Using a discount rate of 8 percent, land acquisition and construction costs were
annualized -- the former over an infinite lifespan and the latter over a lifespan of 25
years for Portland concrete pavements and 1?2 years for asphalt pavements.

The choice of discount rate is important in the dctcrmina_tion of annual highway
costs. When applied to government investments, the discount rate should reflect the
return which the investment could command in alte}native uses. Most economists agree
this rate lies somewhere between 6 percent and 12 percent (4). The choice of 8 percent
for this study reflects a typical vaiue used by many government agencies including the
Army Corps of Engincers, which updates it regularly. This choice is further supported
by a National Cooperative Highway Research Council (NCHRP) report which states that
"appropriate interest rates applicable to transportation system investments should be
somewhere between 7 and 10 percent®, and "it appears that 8 percent is a satisfactory
approximation of the appropriate social rate of discount” (18).

Before arriving at the final highway costs, another important consideration had
to be made. This study is concerned only with passenger vehicle trips. Thus, to the
extent possible, it is appropriate to include only costs necessary for the construction of
roads for only passenger vehicles. According to a recent US. Dcpartment of
Transportation (USDOT) study (9), approximately 59 percent of urban roadway costs can
be attributed to passenger vehicles (i.e., autos, pick-up trucks, passenger vans and
buses).Highway construction and maintenance costs were thus multiplied by 0.59 before
being added to land acquisition costs. Average annual maintenance costs were arrived at
by compiling and averaging actual maintenance costs over a recent five year period

from records obtained from WSDOT for the respective freeway segments. Freeway
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segments for which total annual highway costs were calculated are shown in Figure 3-1.
Total annual highway costs for these freeway segments are presented in Table 3-4.

Calculation of highway user costs for cach of the four methodologies required
traffi¢c volume information ranging from aggregate yearly volumes for one methodology
to specific peak howr veolumes over cach of the freeway segments for another. WSDOT
has established the Traffic Systems Management Center (TSMC) which continuously
monitors and gathers traffic information from the Seattle area freeways. The traffic
data obtained from TSMC was used to determine hourly traffic distribution. Figure 3-2
portrays the typical traffic distribution at a selected freeway location over an average
weekday. This distribution, which is representative of distributions over the other
freeway scgments as well, indicates that the significant traffic peaks occur over a three
hour period both in the morning (6 to 9 AM) and evening (3 to 6 PM). In order to more
easily work with this traffic data in the highway cost models, the hours of the week
were grouped into six periods, each of which contained relatively constant volumes.
These periods are outlined in Table 3-5. Figure 3-3 gives an example of how those six
period traffic distributions compare to the correspending hourly distributions.

Figure 3-4 indicates the four methods considered for estimating highway user
costs. For convenience these methods are termed "system average,” "segment
average,""peak period," and "Keeler-Small." For each of thes¢ methods, the highway costs

per vehicle-mile by segment are presented in Table 3-6. A bricf description of these

.

four methods follows.

System Average This method involved determining the system average annual
highway cost ($220,570 per lane-mile) and dividing it by the average annual traffic
volume per lane over all the freeway segments considered (4,946,788). This resulted in a

value of $.045 per mile for a vehicle trip on any segment during any time of day.
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Figure 3-1. Seattle Area Freeway Segments
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TABLE 3-4.
ESTIMATED ANNUAL HIGHWAY COSTS® FOR SEATTLE ARE FREEWAYS

Sepment Lane Capital Right-of- Maintenance Alll;(:nt:a:l
1A I-5: Madison/N.E. 42nd Street  48.4 290,500 150,250 6,300 447,000
1B I-5: NE. 42nd/Northgate Way 413 81,600 75,500 6,300 161,400
1 I-5: Madison/Northage Way 89.7 194,300 114,900 6,300 315,500
2 I-5: Northgate Way/Everett 147.8 51,300 38,100 3,000 92,300
3A 1-5: Madison/1-90 11.3 204,400 169,100 6,300 380,200
B 1-90: 1-5/1-405 318 1,030,700 67,200 11,700 1,109,600
3 I-5 & 1-90: Madison/I-405 43.1 876,500 86,200 10,700 973,400
4 1-90: 1405/Issaquah 526 84,300 17,300 2,000 103,600
5 1-405: SR-169/SR-522 123.5 84,300 17,300 3,300 105,400
6 I-5: Madison/1-405 (S) 1079 110,700 50,800 6,300 167,800
7 SR-520: 1-5/SR-202 51.0 267,110 29,300 3,600 300,000

System Average: 213,635

*  All costs are in 1983 dollars per lane mile,
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TABLE 3-5.

WEEKLY TRAFFIC PERIODS FOR THE SEATTLE AREA
I-§ North of Downtown Seattle

Number of Weekly

Hours in Each

Period Direction
Peak 5
Near Peak 10
Daytime 20
Off-Peak 33
Weekday/

Weekend

Peak

Evening/ 40
Weekend

Off-Peak

Nighttime 60
Total Weekly
Directional Hours 168

Time Period

Inbound Onthound
7-8 AM (M-F) 4-5 PM (M-F)
6-7 AM (M-F) 34 PM (M-F)
§-9 AM M-F) 5-6 PM (M-F)
9-11 AM (M-F) 12-3 PM (M-B)
2-4 PM (M-F) 6-7 PM (M-F)
11 AM-2 PM (M-F) 7-12 AM (M-F)

4-5 PM (M-F)
10 AM-7 PM (Sat) 12-5 PM (Sat)
12-4 PM (Sun) 11 AM-2 PM (Sun)
5-10 PM (M-F) 7-11 PM (M-F)
8-10 AM (Sat) 9 AM-12 PM (Sat)
7-10 PM (Sat) 5-11 PM (Sat)
8-12 AM (Sun) 9-11 AM (Sun}
4-10 PM (Sun) 2-11 PM (Sun)

10 PM-6 AM (Monday-Sunday)
6-8 AM (Sat-Sun)
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TABLE 3.5,

WEEKLY TRAFFIC PERIODS FOR THE SEATTLE AREA (Continued)

Number of Weekly Time Period
Hours in Each
Peak 5 7-8 AM (M-F) 5-6 PM (M-F)
Near Peak 10 6-7 AM(M-P 3-5PM M-F)
8-9 AM (M-F)
Daytime 20 9-10 AM (M-F) 12-3 PM M-F)
3-6 PM (M-F) 6-7 PM (M-F)
Off-Peak 33 10-11 AM (M-F) 10 AM-12 PM (M-F)
Weekday/ 1-3PM (M-F) 7-8 PM (M-F)
Wesekend 6-7PM (M-F)
Peak 12-7 PM (Sat) 8 AM-6 PM (Sat)
1-7 PM (Sun)
Evening/ 40 11 AM-{ PM (M-F) 7-10 AM (M-F)
Weekend 7-10 PM (M-F)) 8-11 PM (M-F)
Off-Peak 8 AM-12 PM (Sun) 7-8 AM (Sat)
7-10 PM (Sat-Sun) 6-9 PM (Sat-Sun)
8 AM-1 PM (Sun) 7-10 AM (Sun)
Nighttime 60 10PM-6 AM (Monday-Sunday) 11 PM-7 AM {Monday-Sunday)
6-8 AM (Sat-Sun) 9-11 PM (Sat-Sun)
Total Weekly
Directional Hours 168

I1-90 East of Seattle
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TABLE 3-6.
HIGHWAY COSTS® USING FOUR DIFFERENT METHODS

Seattle Freeway Freeway Peak Period Keeler-Small
Erceway Segment System Average Segment Average (Peak 3 Hours) (Peak 3 Hours)
[-5: CBD/Northgate Way .042 .058 124 .189
I-5: Northgate Way/Everett .042 .020 041 051
I-5 and I-90: CBD/I-405 042 205 321 554
1-90: 1-405/Issaquah 042 056 101 021
1-405: SR-169/SR-522 042 019 039 021
I-5: CBD/NE 42nd Street 042 341 341 153

HOV Lane*™)

*Costs are in 1983 dollars per vehicle mile.
*Hov - High Occupancy Vehicle lane (lane reserved for transit or vehicles with 3 or more occupants.
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Segment Average. This method assigned costs to a vehicle trip over a particular
segment based on the actual cost of that segment (as shown in Table 3-4) and the
average traffic over that segment. With this method, the more costly freeway segments
(1-90 between I-5 and 1-405, $.205/vchicle-mile) and the segments with relatively light
volumes (I-5 High Occupancy Vehicle (HOV) lane, $.341/vehicle-mile) were the most
expensive.,

Peak Period. This method took the segment average method a step further by
accounting for the fact that peak period traffic requires more lanes than other periods
and consequently should bear the cost of these additional lanes. The basic steps
involved in this method are outlined in Figure 3-5. Steps | through 4 in the figure were
discussed earlier in this section. In step 5, the number of lanes required for each period
was determined by dividing the hourly volume during each period by the hourly lane
capacity (which in this case was estimated to be 1700 vehicles per hourl).

In step 6, the cost of the lanes was allocated to the traffic in the periods
requiring them. Everyone must share in the ¢cost of the minimum roadway -- the initial
two lanes. The cost of these first two lanes was estimated to be greater than that of
subsequent lanes. This was primarily due to "start-up" costs of engineering, design and
right of way purchase and to fixed costs associated with such things as landscaping and
signing. Unfortunately, data enabling an accurate estimate of the cost of the first two
lanes in relation to subsequent ones was not available. For the purposes of this study a
rough estimate was made by using a roadway cost estimating model developed by King
County (19). With this model the cost of both a four-lane and six-lane roadway was
calculated. The difference between these costs was considered to be the cost of the fifth

and sixth lanes and was assumed to be roughly equivalent to the cost of the third and

Over the period of a full hour, 1700 vehicles were found to be the most vehicles any
freeway lane segment in the study area coulid support.
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fourth lanes. Knowing the cost of these subsequent lanes, the cost of the initial two
lanes could be determined. This cost was then compared and found to be 2.3 times
greater than that of the subsequent lanes. Allowing for some margin of uncertainty, a
general value of 2 was used for this factor.

The night-time period, period 6, typically required only the initial two lanes --
for any lanes more than this, period 6 did not share in the cost. Period 5 traffic may
have required 4 lanes, thus it would have shared in the cost for providing the first four
lanes only, and so on up to periods 1 and 2. In the case where the freeway was built to
a capacity which exceeded even the peak period demand, the cost of the "leftover” lanes
was allocated equally to traffic in all periods.

Keeler-Small. In the Keeler-Small study, the cost of autos’ use of freeways is
estimated using a2 method based on the theory of optimal highway pricing and
investment. This model is concerned with trading off the cost of providing urban
freeway capacity against the value of travel time to minimize total capacity related
system costs (4). The point at which these costs are minimized represents the optimal
level of service for the roadway in question, For the optimal service level, both the
short run, marginal cost and the short run, average variable cost can be determined.
The difference betweecn these two costs is the marginal congestion cost.  More
importantly however, assuming investment has been made correctly and returns to scale
are constant, these marginal congestion costs are equivalent to user tolls which, if
charged, would exactly recover the cost of the road.

This model is complex and theoretical in nature and poses a number of problems
if used in a practical framework, First, it treats the highway as a "plant.” According to
economic theory a plant will naturally adjust itself to its optimum production level. The
product in this case is a "unit” of highway capacity. When a plant is at its optimum

production level, the price of the product is exactly equal to the marginal cost of that
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product (20). Hence, in the case of an "optimally adjusted” highway, the marginal costs
determined are equivalent to user tolls, which -- if actually charged -- would exactly
recover the cost of the road.

One of the problems here is that users do not actually pay a "user toll" cquivalent
to the marginal cost. Thus, it is unlikely that a highway will ever adjust itself to its
"optimum production level." In order fTor this to actually happen, the state would have
to charge appropriate short run, marginal costs during each pcriod, allow demand to
change in response, change prices to the new marginal costs, and so on. Since this
iterative process is not (ecasible in this situation, Keeler, Small, ct al., decided to "take
current demand distributions as given, and base optimal peak tolls on them.” They
admitted, however, that use of this assumption would "yield upward-biased estimates of
long-run optimal tolls for the peak periods and downward biased estimates of optimal
tolls for the off-peak periods" (4). This explains why such high highway user costs were
obtained when this method was adapted to this study (see Table 3-6).

Of these four highway cost methods just described, the "peak period" method was
used for the "in-depth" analysis of this study. However, for comparison purposes,
general results of the trip cost model using cach of these four methods were computed
and will be presented in Chapter Four.

Highw s for Bus

Thus far, only the cost of a highway trip as assigned to automobiles has been
discussed. The trip cost analysis had to also estimate the highway cost attributable to a
transit trip. The USDOT highway cost allocation study gave a cost assignment
breakdown by vehicle class for interstate highways. This study assigned autos, passcnger
trucks and vans 59.38 pcrcent of highway costs, and assigned buses 0.52 percent. Another
study showed that on urban interstates and other urban frceways and exXpressways,

autos, passenger trucks and vans represent 88.25 percent of vehicles in the vehicle
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stream -- while buses account for only 0.3! percent (21). Dividing the percent of costs
assigned to each vchicle class by the percentage of that class within the traffic stream
yields a value of 0.673 for autos, passenger trucks and vans, and 1.677 for buses. Based
on this, the researchers estimated that the highway cost per mile for a bus trip is
1.677/0.673, or 2.49 times that of a freeway auto trip.

Con ion s

Traffic congestion imposes a varicty of costs upon roadway users. The chief
costs include the increased cost of travel time; excessive fuel consumption and increascd
vehicle maintenance costs due to uneven traffic flow; additional air and noise pollution;
and an increase in the probability of traffic accidents. In an attempt to quantify
congestion costs, this study draws from several studies in which these costs have been
addressed. An argument may be made for the inclusion of other congestion related costs
imposed upon the roadway user as well, One study indicated that increased congestion
causes increased driving stress, a cost which is difficult to quantify, yet present
nonetheless (22). Another study cites the congestion related "increase in the response
time to emergency locations by fire and medical units which increases the probability of
death and property damage" (23). At this time, howcver, not enough research has been
conducted to enable a reasonable estimate of this cost.

For the purposes of this study, congestion costs will include only the increased
costs associated with travel times, automobile operation, traffic accidents, and air and
noise potlution, Note, however, that these components compris¢ a conservative
congestion cost since it excludes other congestion related costs which cannot as yet be
reasonably estimated.

The first step in developing congestion cost estimates was determining peak
traffic volumes for cach of the relevant Seattle area freeway segments. Using

information from WSDOT's TSMC, average peak hour traffic volumes over each segment
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were calculated as shown in Table 3-7. Based on these, the marginal impact on the
entire traffic stream due to the addition of a given number of vehicles was determined
for each freeway segment.

The amount of traffic diverted from each freeway segment due to park-and-ride
lots was calculated (see the section on Traffic Volumes, Chapter Four, for details) and
added to the existing peak period traffic volumes to estimate what the peak traffic
levels might be if the park-and-ride system were not present. Tt is realized that it is
unlikely that all traffic diverted from the roadways due to the park-and-ride lots would
rcturn to the roadways if the lots were removed. A certain amount of adjustment would
occur as some commuters would find alternative commutc means and/or routes by which
to avoid the increased congestion. However, since the level of this adjustment is
uncertain, and since the cost of any impacts associated with the alter native means
and/or routes taken is also unknown, the following congestion costs have been developed
based on estimated peak traffic volumes assuming all the diverted traffic would return
to the roadway. These volumes are also shown in Table 3-7.

Xravel Time. For each freeway segment the decrease in travel speed which would
occur if the vehicles currently diverted to the park-and-ride lots were to re-enter the
traffic stream, was calculated using the speed-flow curve in Figure 3-6. This curve was
developed for the Seattle area based on data obtained from WSDOT for I-5 north of
downtown Seattle. Also shown in Figure 3-6 is a theoretical speed-flow for freeways
obtained from the Highway Capacity Manual (HCM) (24).

As an example, consider segment |. Removing park-and-ride lots would increase
its volume from 1700 vehicles per hour (vph) per lane to 1800. This results in a
reduction of the average traffic stream speed from 53.00 mph to 50.00 mph. For each
vehicle to travel 1 mile at this speed requires an extra 0.0679 minutes. However, for ali

1800 vehicles, the additional cumulative time spent is 122,264 minutes or 2.038 hours.
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TABLE 3-7.
PEAK HOUR TRAFFIC VOLUMES ON SEATTLE AREA
FREEWAY SEGMENTS: WITH AND WITHOUT PARK-AND-RIDE LOTS

Segment Average Peak Hour Lane Volume™*
1 [-5: Madison/Northage Way 1700 1800
2 I-5. Northgate Way/Everett 1740 1805
3 I-5 & 1-90: Madison/I405 1685 1645
4 1-90: 1-405/1ssaquah 570 585
5 I-405: SR-169/SR-522 1780 1800
6 I-5; Madisow1-405 (S) 1870 1870
Ta SR-520: 1-5/SR-908 1865 2010

Based on traffic data from WSDOT for Spring 1983

*In vehicles per hour per lane
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One-third the average wage rate for King County workers was found to be $3.70 per
hour. Using this as thc valuc of in-vehicle time, the additional cumulative timc costs
for those 1800 vehicles is $7.54 per mile. This cost is due to 100 vehicles entering the
traffic stream. To estimate the cost to be attributed to a single vehicle, the total cost to
the traffic stream as caused by 100 cars is divided by 100. The result is a cost of 7.54
cents per vehicle mile, This represents the sum of the additional cost incurred across the
entire traffic stream due to the addition of a single vehicle to the stream.

To provide a range for this congestion-related time cost, values of time based on
one-fourth the hourly wage rate and one-half the hourly wage rate were used as well
This produced the values of 5.7 and 11.4 cents per vehicle mile respectively, which can
be used as the fower and upper limits for this parameter.

Auto Operating Costs. The auto operating costs considered included fuel and
variable maintenance costs. Based on the following figures for the U.S. average

passenger vehicle fleet mix (23):

Sub compact auto 12%
Compact auto 30%
Standard auto 58%

and the American Automobile Association’s (AAA) estimates for auto costs {see next
section on Auto Costs for more details), the average auto variable operating cost on
freeways was estimated at 8.1 cents per mile. Results from studies attempting to
quantify the increase in these costs due to congestion have varied somewhat. One source
indicates those costs vary in the same proportion as does travel time (25). Continuing
with the example presented in the previous sub-section, the time required to travel a
given distance with 1800 vph per lane was 6 pcrcent greater than that required for the
same distance with a volumc of 1700 vph per lane. Assuming average fuel and

maintenance costs of 8.1 cents per mile, each vehicle incurred an additional cost of
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0.06 x 8.1, or 0.486 cents per mile. Multiplied by 1800 vehicles in the stream and divided
by the 100 additional vehicles yields a cost of 8.75 cents per vehicle mite. This is the
additional cost in terms of excessive fuel consumption and maintenance cost that g¢ach of
the additional 100 vehicles imposes on the entire traffic stream.

Other sources, however, indicate lower costs for this parameter, Rough estimates
based on figures from one NCHRP report show that auto running costs increase about
1.4 percent with a change in speed from 50 to 45 mph (26) (corresponding to a lane
volume change of 1800 to 1855 vph on the Seattle speed-flow curve, and 1480 to 1740
vph on the Highway Capacity Manual (HCM) curve). Performing calculations similar to
those done in the preceding paragraph yiclds values of 3.82 and 0.76 cents per vchicle-
mile respectively. Rough estimates from charts in another NCHRP report indicate an
increase in auto running costs of about 3.25 percent for a change in volume to capacity
ratio (v/c ratio) of 0.8 to 1.0. This corresponds to a lane volume change of 1495 to 1870
vph based on the Seattle area speed-flow curve, and 1600 to 2000 on the HCM curve.
Calculations for these figures produce congestion related auto running costs of 1.33 and
1.32 cents per vehicle-mile respectively. Averaging these yields a value of 1.81 cents per
vehicle-mile which may be used as the lower limit for this congestion-related parameter.

Accidents. Accident rates on congested roadways are greater than those for free-
flowing roadways. As one study indicates, "it is the differential in speeds that
contributes to accidents. Therefore, speed changes in the traffic stream produce
accidents” (22). Increased congestion imposes increased accident risks to everyone in the
traffic stream. Estimates based on charts in one source indicate that for a speed change
from 50 to 45 mph, accident costs on expressways increase by about 13 percent (26).
This corresponds to a lane-volume change of 1480 to 1740 vph on the HCM curve and
1800 to 1855 vph on the Seattle area curve. Average accident costs for urban

expressways were estimated at 3.22 cents per vehicle-mile (see the sub-section, Accident
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Costs, in the next section of this chapter for more details on this). Using this and
performing calculations similar to those done for auto running costs, the cost of the
imposed accident risk on the traffic system is 2.87 cents and 14.44 cents per vehicle mile
based on the HCM curve and the Seattle curve, respectively. These can be used as the
lower and upper limits for this parameter.

Environmental Costs. Air and noise pollution due to traffic are impacts imposed
not only on roadway users but on the general community as well. Several studies have
correlated increased air and noise pollution with traffic congestion. One study states the
obvious, that "vehicle emissions are reduced by reducing congestion™ (26). With respect
to noise pollution, "it is the stop and go traffic characteristic of congestion which is
associated with the highest noise levels" (27).

The average cost that one vehicle imposes on society in terms of air and noise
pollution was determined to be about 1.5 cents per vehicle-mile (see the following section
on "Other Public Costs" for more details on this). Quantifying the increase in these costs
due to congestion is difficult. Figures from a study by the Organization for Economic
Cooperation and Development (OECD) indicate that vehicle pollutant emissions range
from 26 to 530 percent greater for congested versus free flow traffic conditions (27).
Kaftansky and Khisty (23) developed values for noise pollution costs which indicated
that the costs of commuter traffic noise (0.37 cents/vehicle-mile) is 226 to 711 percent
greater than that for the average urban vehicle (ranging from 0.052 to 0.165
cents/vehicle-mile),

The range of estimates for these environmental costs are considerable. As a lower
limit, a 26 percent increase may be used since this is the lowest increase cited for either
air or noise pollution. An increase of 500 percent was used as a conservative upper limit
estimate since the highest figures cited increases of 5330 percent and 700 percent for air

and noise pollution, respectively.
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On the HCM curve, free flow conditions begin to disappear at around 1200 to
1300 vph per lane. Thus, the increases in environmental costs as indicated above occur
as lane volumes increase from around 1250 to 2000 vph. Based on this and on the
average environmental cost being 1.5 cents per vehicle-mile, calculations for increases of
26 and 500 percent in these environmental costs yield values of 1.04 and 20.0 cents per
vehicle-mile, respectively.

Total Congestiogn Costs. For each congestion cost component a lower and upper
limit was estimated. Summing each of the lower limits and higher limits together
respectively yields the low and high estimates shown in Table 3-8. Congestion costs for
segment 4 are negligible since the peak volumes on that segment are extremely low.

Besides incorporating the lower and upper limit estimates into the trip cost
analysis, it was desirable to obtain a middle range value. The estimates for congestion
related time costs already provided a middle estimate which is greater than the lower
limit by one-third of the difference between the two limits. Since this is less than the
average of the two limits, it is a conservative middle estimate. The same proportion was
used to arrive at a conservative middle estimate for total congestion costs,

Other Public Costs

Public costs associated with a commuter trip should include not only the capacity
related costs of providing and maintaining the roadway, but also the marginal costs of
other government provided services to highway users, as well as some measure of the
environmental costs that an individual trip invokes. These can be considered the "social
overhead” costs. For these, this study relied on the Keeler-Small study, which estimated
the total marginal cost of government services to autos in the San Francisco Bay Area in
1972 to be $0.005 per vehicle mile. This included costs for city planning, electricity,

public health, coroner, city attorney, district attorney, municipal court, superior court,
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TABLE 3-8,

MARGINAL CONGESTION COSTS® IMPOSED ON PEAK PERIOD TRAFFIC
BY THE ADDITION OF ONE VEHICLE TO THE TRAFFIC STREAM

Segment Low High Recommended

1 I-5: Madison/Northage Way 114 54.6 258
1a I-5: Madison/N.E, 42nd Street (HOV Lane) - - -

2 I-5: Northgate Way/Everett 12.0 56.7 269
3 1-5 & 1-90: Madison/1-4035 6.6 411 18.1
4 1-90: 1-405/1ssaquah - - -

5 1-405: SR-169/SR-522 114 54.6 258
6 1-5: Madison/I-405 (S) 274 1104 55.1
Ta SR-520: I-5/SR-908 599 110.5 61.6

*Costs are in cents per vehicle-mile.
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Jjuvenile court, fire department, traffic police, highway patrol, highway administration,
and routine road maintenance not varying with capacity.

For environmental costs -- including both noise and air pollution -- the Keeler-
Small study estimated a marginal cost of $0.006 per freeway vehicle mile. The portion
of this cost attributable to noise pollution is small -- $0.001 -- since the marginal noise
cost of an extra vehicle-mile on a freeway is likely to be very low; noise costs are high
only on quiet residential streets, where an extra vehicle is likely to be noticed. Pollution
costs -- $0.005 per vehicle-mile -- are based on Bay Arca estimates for new 1972 pollution
controlled autos. Combining the cost of government services with environmental costs
gave a total of $0.011 per vehicle-mile for public costs not related to lane capacity.
Consumer price indices (13) show that this corresponds to $0.028 per vehicle-mile for the
Seattle area in 1983. To calculate these costs for buses, the Keeler-Small model assumed
the social overhead cost per bus-mile to be the same as those per auto-mile; however, the
environmental costs were estimated to be about 11.5 times greater than those for autos.
Based on this, a value of $0.188 per bus-mile is used for this study.

All the public costs thus far outlined have focused on the freeway, or line haul
portion of the commute trip. Still to be considered are the line haul feeder portion (i.c.,
the residential streets and suburban arterials leading to the freeway), and the downtown
distribution portion of the trip. Again, following the Keeler-Small study, it is assumed
that the roads required for the line haul feeder trip portion are relatively uncongested,
and that they would be needed for access to the houses involved, regardless of whether
the auto work trip was made or not. Thus, the only public costs considered for this
portion of the trip are the $0.028 per auto-mile and $0.188 per bus-mile for
environmental, variable maintenance, and social overhead costs of the road system.

As for downtown streets, the Keeler-Small model treats them as a fixed resource

and assumes costs are based on the short-run congestions tolls which they would draw in
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a market equilibrium during the peak period. This cost was found to be directly
proportional to the value of time. For a value of time of $3.00 per vehicle-hour, this
cost would be about $0.29 per auto-mile and $1.74 per bus mile during the peak period.
Adjusting this to an assumed valuc of $5.15 per vehicle-hour for this study produces a

value of $0.498 per auto-mile and $2.987 per bus-mile during rush hour on downtown

strects.

AUTOMOBILE COSTS

Automabil ts: ur nd Meth

The following is a brief outline of the sources, methods, and assumptions used in
calculating the various sets of auto costs. Costs per mile by vehicle class are presented
for each set in Table 3-9. In general, FHWA costs were the most conservative, Hertz
costs the highest, and American Automobile Association (AAA) costs somewhere in
between.

One other type of auto cost must be considered here. By their very nature, park-
and-ride trips require the use of an automobile. While parked for the day at the park-
and-ride lot the auto cannot be used for any other purpose. In light of this, it scems
likely that the auto used for the park-and-ride trip would be a "second” car. If this
second car was bought and used strictly for this purpose, then it seems reasonable that
the cost of that second car should be charged to the park-and-ride trip, This
consideration is called the "P&R second car" cost, and is discussed later in more detail.
P&R second car costs, when considered, applied only to park-and-ride lot access trips.

FHWA Auto Costs. These costs were taken from an FHWA publication (10) which
was based on the typical suburban-based operation of vehicles in the Baltimore,
Maryland, area. Vehicle life was assumed to be 12 years with a total lifetime mileage of
120,000 miles. FHWA did not include finance charges in its costs; however, they are

relevant to this study and were included based on a 3-year loan and interest rates of
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TABLE 3.9,
AUTO COSTS® BY VEHICLE TYPE

FHWA, AAA Hertz
Large 18.2 16.4 277 26.4 44.5 41.7
Intermediate 17.5 14.9 26.1 24.8 432 40.8
Compact 13.5 12.1 24.6 23.3 388 36.5
Subcompact 12.5 110 20.6 19.3 27.5 258
Passenger Van 24.2 222 38.3 36.8 59.6 56.1

*Costs are in cents per vehicle mile and do not include gasoline or insurance costs.
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18 percent for mid-1981 and 11.75 percent for the first quarter of 1984. To determine
costs for July, 1983, a straight line curve was drawn between the 1982 and 1984 values
and the appropriate costs were picked from the curve.Using the consumer price index
for selected cities and SMSA’s (28) the values were then transposed to reflect costs in the
Seattle/Everett area.

AAA Auto Costs. These costs represented a composite national average and were
based on figures published by the American Automobile Association (AAA) for "high-
cost" areas (large metropolitan areas) (11). They assumed the vehicle was driven 10,000
miles annually and based depreciation costs on the trade-in value after four years or at
60,000 miles. Insurance costs were based on mainly personal, non-business use of
vehicles and no youthful drivers. These costs also did not include outlays for parts,
accessories, repairs or other service-station items,

Hertz Autg Costs. Of the three sources typically relied on for estimates of auto
driving costs, Hertz Corporation estimates are by far the highest (12). Hertz estimates
costs for 20 U.S. cities -- this study used their estimates for Seattle. Estimates were for
normally equipped vehicles purchased new, driven for 10,000 miles a year, and kept
fully maintained for five years. Hertz costs reflected greater business use of their
vehicles than did FHWA or AAA. Insurance costs were based on higher coverage limits
and allowed for one or two youthful drivers.

P&R Second Car Costs. The basic methodology for assigning auto owning and
operating costs to a commute trip assumes that the commuter owns a vehicle for multiple
purposes, only one of which is to commute. Thus, the entire cost of that vehicle is not
charged to the commute trip, just the cost per mile for the miles driven while
commuting. Some have argued, however, that for a park-and-ride trip, commuters are

more likely to purchase a second vehicle specifically for that purpose. If this were truly

82



the case, then auto driving costs for park-and-ride access trips would be higher than
those for other purposes.

Auto costs consist of two basic cost types: ownership and operating costs.
Operating costs are dependent on the number of miles driven while ownership costs, for
the most part, are incurred regardless of mileage driven. If it is assumed that a car is
purchased solely for the purpose of getting to and from a park-and-ride lot, then the
total miles driven for that car is considerably less than the typical auto. Results from
the park-and-ride lot survey indicate that the average park-and-ride lot access trip
length was 4.2 miles. Over a period of a year, or 250 working days, this would imply a
total of 2,100 miles driven. Using FHWA auto costs as an example, lifetime ownership
costs would be divided by 2,100 x 12, or 25,200 miles instead of 12,000 x 12, or 120,000
miles. Operating costs would remain the same per mile. For a new car bought only to
be used for park-and-ride lot trips, the auto costs per mile would be 2.67 times greater
than that of the typical auto.

However, the park-and-ride lot survey indicates that the average age of vehicles
driven to the lot is roughly 8 years. We can thus assume that if 2 second car were
purchased for park-and-ride trips, it would be an older car on the average of 8 ycars
old. This car would have been driven the normal mileage for its first cight years and
then driven 2,100 miles a year for the remaining four years. In this case, P&R sccond
car costs would be only 1.08 times that of normal auto costs.

In estimating automobile costs for this study, three separate components were
considered: owning and operating (less fuel, insurance and parking) costs, fuel costs, and
accident costs. Insurance costs are accounted for in accident costs, while parking costs
are considered separately later in this section. Based on a Fedcral Highway
Administration (FHWA) report (10), automobiles were grouped into five classes: large,

intermediate, compact, sub-compact, and vans. Auto costs were calculated for each of
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these classes. There are many other methods and assumptions that can be used in
determining these costs. Because of this, auto costs were developed using several
different sets of assumptions. The one considered most reasonable was then used for the
"in-depth" trip cost analysis.

Before discussing these varying sets of assumptions, some general assumptions
that went into the development of the components for all of them should be outlined.

wning and Operatin s

Ownership costs considered include depreciation, finance charges, registration and
titling fees, scheduled maintenance, and any taxes that apply to these items. For the
most part, ownership costs are incurred regardless of how much a vehicle is driven.
Operating costs considered include repairs and maintenance, oil, tires, and the taxes
applied to these items. In an attempt to reflect the differences between freeway and
urban arterial driving costs, the Keeler-Small study makes the assumptions that urban
arterial driving is 21 percent more costly than freeway driving in maintenance costs and
300 percent more costly in tire wear. In addition, they assume that typical auto mileage
is comprised of 73 percent freeway and 27 percent arterial driving. All owning and
operating costs listed later in this section were calculated using these assumptions, which
were considered appropriate for the Seattle area.

Gasoline Costs

Gasoline costs were separated from other auto operating costs so that the effects
of cold starts could be included in the analysis. Cold starts have the highest impact on
short trips; thus it was important to consider them with respect to the short park-and-
ride access trip. Figure 3-7 indicates what the typical average relative fuel consumption
is for an automobile during the first several miles of its trip. The average relative fuel

consumption (ARFC) factor is 3.4 at 0.0 miles and drops linecarly to 1.0 at 5.0 miles, at
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Figure 3-7. Fuel Consumption by Section at 40 mph.
Source: Reference (5).
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which point the car is assumed to be fully warmed up (5). Based on this information,
the ARFC factor was incorporated into the model.

Also, according to the Keeler-Small study, gasoline consumption is 11 percent
greater for arterial driving than for freeway driving. This is due to the frequent stop
and go driving that occurs on arterials. For this study’s reference date of July, 1983, the
average price of gasoline in the Seattle arca was $1.273 per gallon (29). Based on these
numbers and the assumed mileages listed, gasoline costs for arterial and freeway driving
are presented for each of the vehicle classes in Table 3-10.

Accident s

Accident costs were determined with the assumption that insurance costs
reasonably approximate them. The average insurance cost per mile for all five vehicle
classes as estimated by FHWA (10) was used. This value turned out to be $0.050 per
mile. However, accident costs can be expected to vary with the degree of congestion.
Keeler and Small developed some rough estimates as to how these costs vary between
freeway and arterial roads, and between urban and rural areas. The mean ratio of
accident rates on uncontrolled to controlled access segments was 2.4, For a ratio of non-
rural to rural accident rates a ratio of 1.21 was developed. Using these estimates, the
accident costs listed in Table 3-11 were developed. Note that these accident costs are
separate from the accident costs incorporated into the congestion costs previously
estimated. These accident costs are those normally incurred while traveling on a given
type of roadway. Those costs incorporated into the congestion costs represent Ccosts

caused by increased congestion and are over and above those incurred normally.

PARKIN T

Parking costs considered included the cost of parking in the CBD for all trips

driving downtown as well as the cost of providing parking for all park-and-ride trips.
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TABLE 3-10

GASOLINE COSTS BY VEHICLE TYPE

CENTS PER MILE

Yehicle Type Arterial Ereeway
Large 8.1 73
Intermediate 6.5 59
Compact 5.3 438
Subcompact 5.1 4.6
Passenger Van 10.6 9.5
TABLE 3-11,
ACCIDENT COSTS BY ROAD TYPE
Accident Costs

Road T (cent higl ile)
Rural
Arterial 6.39
Freeway 2.66
Non-rural
Arterial 173
Freeway 322
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Average daily parking costs by traffic analysis zone (TAZ) in downtown Seattle were
acquired from the Puget Sound Council of Governments (PSCOG) for the summer of
1982 (13). These were updated to 1983 costs using consumer price indices for the
Seattle-Everett area.

The cost of park-and-ride lot parking was based on historical cost records for lot
construction and land acquisition obtained from WSDOT and annual lot maintenance
costs obtained from METRO-. Construction and land acquisition costs were annualized
over a lifespan of 25 years for construction and an infinite lifespan for land acquisition.
The same discount rate used for annualizing highway construction and right of way
costs was used here, i.e., 8 percent. Since the lots are used mainly on working days, the
total annual construction, right-of-way, and maintenance costs were divided by 250 to
get the cost per lot per weekday. These costs were then divided by the number of cars
parked in each lot to get the costs per utilized stall per day, which are presented in
Table 3-12 for each lot in the two corridor sub-study area. Also presented in Table 3-12

is the cost per stall for each lot. This would be equivalent to the cost per auto parked

if the lot were 100 percent utilized.

TRANSIT COSTS

Transit costs were based on a route cost model developed by METRO Transit (14).
METRO’s model is a fixed/variable cost model and is based on actual reported METRO
expenditures. The model assumes that all costs can be cross-classified by the type of
system "resource™ and the type of cost they represent. This concept is portrayed in
Table 3-13. The three resource categories considered were platform hours, platform
miles, and block assignment. The basis for these categories is that certain transit costs
are most closely related to hours of service while others are more attributable to miles of

service. Examples are driver’s wages, which are computed hourly, versus fuel usage,
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TABLE 3-12
PARK-AND-RIDE LOT COSTS

Number of Number of Cost per  Cost per
Lot Stalls Stalls Utilized Stall Auto
Greenlake 185 130 0.51 0.72
North Seattle 9 92 0.46 0.50
Northgate 515 497 1.94 2.01
Shoreline 378 250 2.18 3.30
Mtlake Terrace 337 149 2.13 4.82
Lynnwood 808 720 1.85 2.07
North Corridor 2322 1838 1.80 2.27
Wilburton 190 88 2.28 493
South Bellevue 362 49 231 17.05
Newport Hills 284 &0 240 11.36
Eastgate 626 382 1.53 2.51
Issaquah 358 239 1.85 2.78
South Corridor 1820 B18 1.96 4.37
Two Corridor Area 4142 2656 1.87 2.92
Notes:
- Costs are in 1983 dollars per day.

- Utilization for all lots save Mountlake Terrace is based on March 1983 figures obtained from METRO.
These figures are used because it is believed March is most representative of yearly lot utilization
averages. March 1984 figures were used for Mountlake Terrace because it was not open in March 1983,
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COST CATEGORIES

Table 3-13. Examples of Cross Classification

of Transit Agency Costs.
RESQURCE CATEGORIES
Platform Piatform Block
Hours Miles Assignment
. Drivers Mechanics,
Variable Fuel
\ Instruction, Maintenance,
Vsafi:r)i o Service, Foreman,
Supervisors Shop
Administration
Fixed Operations
Management,
Debt Service,
Planning,
Capital
Source: Reference (14).




which is measured in terms of miles. Certain other expenses are not casily correlated
with ¢ither hours or miles. These may be considered to be overhead costs -- examples of
which include the cost of bus maintenance bases and pianning and marketing staff,
These costs are allocated by block assignment. A block assignment includes the span of
operation from the time a bus leaves the base to the time it returns,

The three cost categories include variable, semi-variable and fixed costs.
Variable costs are those which fluctuate proportionately with changes in short-run
production levels. Conversely, fixed costs are incurred independently of the production
level. Semi-variable costs, however, represent something in between in that they do not
vary with short-run production levels, yet they do with longer-run levels. An example is
wages for service supervisors. When one new driver is hired, no new supervisors are
required. However, when the ranks increase by sixty, it may be necessary to add a
supervisor,

Costs from METROQ’s model represented 1982 costs. Price indices were used to
update them to 1983 values. Unit costs averaged over the entire Metro route system are
shown in Table 3-14. If the coach type or driver type (i.e, full time or part time) was
known for a particular route, then the variable cost coefficient could be subdivided

further. These refinements are presented in Tables 3-15 and 3-16.

RECOMMENDED VALUE R L IN PARAMETER

In order to simplify the "in-depth” cost analysis, the various assumptions and
corresponding values of the model input parameters just discussed had to be narrowed to
onc recommended value for each parameter. For each parameter in which a. choice of
values existed, thc recommended parameter value selected and the reasons for its

selection are discussed as follows.
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TABLE 3-14
TRANSIT SYSTEM AVERAGE COST COEFFICIENTS

Per Per Per
Platform Platform Block
Hour Mile Assignment
Variable Costs $18.98 $0.83 -
Semi Variable Costs 3.09 0.11 -
Fixed Costs - 0.09 $132.14
TABLE 3-15

TRANSIT VARIABLE COST COEFFICIENT BY DRIVER TYPE

Additional
Cost Per Cost Per Hour
Platform For Artic
Hour Assignments
Full-time Driver $20.87 + $0.50
Part-time Driver $11.29 + $0.50

TABLE 3-16
TRANSIT VARIABLE COST COEFFICIENT BY COACH TYPE

Cost Per

Platform
Coach Type Mile
AMG $0.74
Old Artics 0.77
40' Flyers 0.66
New Artics 1.10
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ighw Par I

When the highway capital costs associated with a vehicle trip are to be included
in the trip cost analysis, of the four methods considered for calculating this parameter,
the "Peak Period" method was selected for the foliowing reasons:

[ ] It accounts for the differences in freeway segment costs.

| Urban freeways are sized for peak period traffic. This method provides a

means to assign the cost of the additional required capacity to the peak
period traffic.

[ ] This method is practical, straightforward and models the actual rather

than the theoretical situation.

The Keeler-Small method atso accounts for differences in freeway segment costs
and differences between different time periods; however, due to a variety of reasons, it
assigns the vast majority of the highway costs (from 86 percent on [-5 to 99 percent on
1-90) to the peak hour traffic. This is neither fair nor realistic. Thus the study team
opted not to use the Keeler-Small highway cost method.

A sensitivity analysis was performed using each of these four highway costs.
Results are presented in Chapter Three.

ngestion P r

The range of estimates for congestion costs is relatively large (see Table 3-8). The
lower limit estimate represents the sum of the most conservative estimates for the
component values. It is the belief of the researcher that this estimate does not nearly
represent the true cost of congestion. Conversely, because the estimate range is S0 great,
using the upper limit (though it is a conservative estimate of the upper Himit) may not be
justifiable either. Thus, the middle estimate was chosen and is considered to be a

relatively conservative estimate for highway congestion costs.
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The researchers realize, however, that the reader may have different opinions on
this matter and may wish to usc one of the other estimates for congestion costs. For this
reason trip costs were calculated using each of the estimates. General results of the trip
cost comparison based on these calculations are presented in the sensitivity analysis
section of Chapter Four.

Au st Par r

In considering auto costs, an effort was made to encompass a wide range of
estimates. The three sources for e¢stimates considered were the Federal Highway
Administration (FHWA), the American Automobile Association (AAA), and the Hertz
Corporation. Depending upon one’s perspective, each of the three estimates could be an
acceptabie standard. Recognizing this, general results from the trip cost model were
computed using each estimate and are presented in the sensitivity analysis section in the
next chapter. However, for the more detailed analysis, AAA auto costs were chosen for
the following reasons:

[ ] The 12 year lifespan that FHWA assumes produces unrealistically low

depreciation costs.

| Hertz estimates are based on the upper extremes of maintenance care,

business use, and insurance costs.

[ ] AAA costs represent a fair and realistic compromise between the

conservative FHWA and the high Hertz estimates.

Assigning the cost of a second car to park-and-ride access trips was not
considered realistic because no evidence exists to warrant it. Park-and-ride lot users, the
majority of whom are¢ suburban dwellers, do not have a higher level of vehicle
ownership than their suburban neighbors. Hence, the "P&R second car" factor is not

significant.
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Another consideration worth mentioning here deals with the age of the typical
park-and-ride access vehicle versus that of the previous mode auto trip vehicle. From
the park-and-ride survey, the average age of the park-and-ride access vechicle was
determined to be approximately 8 years. At first glance, this age seemed a littlc on the
high side; however, after considering the average length of the park-and-ride access trip
(4.2 miles (6)), it was plain that a newer car was not necessary for that trip. The
commuter may opt for a newer more reliable vehicle, however, if the entire commute
trip were to be made by auto. Data concerning the age of the typical auto commute
vehicle in the Seattle area were not available; however, from the park-and-ride lot
survey, age data on carpool vehicles egressing the lots to workplace destinations were
available. The average age for these vehicles was about 5.5 years. This indicates that
for longer trips commuters tend to employ newer vehicles, If this is indeed the case,
then auto costs for the previous mode auto trip would be higher than those for the park-
and-ride access trip. Since reliable data were not available to support and/or quantify
this assumption, auto costs for both the previous mode and the park-and-ride trip were
based on the same AAA estimates.

One other significant assumption in this category deals with accident costs.
These costs have been developed for both freeways and arterials, and for both rural and
non- rural areas. Accident rates on arterials are higher than those for limited access
expressways -- thus, accident costs are also higher. At the time this study was
conducted, the majority of the I-90 scgment between [-405 and I-5 (segment 3B in
Figure 3-1) was a narrow, non-divided, 4-lane roadway. During the morning and
afternoon peaks one of the non-peak direction lanes was reversed so as to be used for
peak direction traffic. This gave 3 peak direction lanes and | non-peak direction lane.

Due to these factors, this segment of 1-90 had higher accident rates than a typical fully
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controlled Interstate freeway would have had.! Because of this, the trip cost model
assigned higher accident costs (equivalent to those for non-rural arterials) to this I-90

segment.

D 1 N T w

Besides the cost component coefficients for time, public, auto, parking and transit
costs, several other assumptions and parameters were required for defining and
calculating the total trip cost for each trip type considered. These are outlined in the
following subsections along with a sample cost calculation for each trip type.

Aut ri

Basic parameters required for calculating the cost of an auto trip include
knowing trip distances and speeds traveled. Trips are assumed to be made over several
road segment types. Similar to the Keeler-Small model, these segment types are assumed
to include the line haul feeder segment (the portion of the trip on residential streets and
suburban arterials leading to the freeway); the line haul or freeway segment; and the
downtown distribution segment {which is made over CBD streets). Distances over each
of these segments to the Seattle CBD were measured from each census tract which
contained a case trip origin. Travel speeds were assumed to be 25 mph for the line haul
feeder segment and 20 mph for the downtown distribution pertion of the trip. Peak
period freeway speeds for each of the freeway segments defined (see Figure 3-1) were
obtained from the Traffic Systems Management Center (TSMC), In most instances, in-
vehicle travel time was calculated by dividing travel distance by speed. However, in the
case of carpools, some additional in-vchicle time was assumed to allow for the pick-up

of other riders. Following the Keeler-Small example, a car-pooling delay of 5 minutes

Based on traffic accident data obtained from WSDOT personnel,
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per passenger was used. Out-of-vehicle time for the auto trip consisted of the CBD
terminal time, i.c., the time spent parking and walking to the office. Average auto
terminal times by downtown TAZs were obtained from PSCOG (or this purpose.

Table 3-17 outlines a sample cost calculation for a onc-way, peak period, auto

work trip.

Park-and-Ride Transit Trip

The park-and-ride transit trip consists of two distinct parts: the lot access trip
made by auto, and the transit trip from the lot to downtown. The automobile access trip
is calculated in the same manner as the auto work trip. Access distances (or cases in the
Southeast Corridor were measured from a map. These. measured distances were
compared with corresponding TAZ centroid to TAZ centroid distances obtained from
PSCOG.This provided a reliable *"TAZ" distance to "real" distance conversion factor of
0.837 (6). Access trip distances were not measured for the North Corridor, but TAZ to
TAZ distances were available. Thus, the conversion factor was applied to North
Corridor lot access trip lengths,

Another factor to consider in the park-and-ride teip is the time it takes to
circulate the lot looking for an empty stall, park, exit and lock the vehicle, walk to the
bus stop area, and wait for the bus. Time spent parking and walking will vary with the
size of the lot. 2-1/2 minutes were allotted for circulation, parking and exiting the
vehicle; and 2-1/2 minutes were allotted for walking to the bus pickup area (based on a
walking speed of 4’/second and an average distance of 600’ to walk). Pecak pcriod
headways for buses serving park-and-ride lots range (rom | to 15 minutes; howcver, most
patrons wait oaly a few minutes for a CBD-bound bus during peak periods -- a
conservative wait time of five minutes, which is one-half of the average headway lor

most lots, is used here.
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TABLE 3-17.

SAMPLE CALCULATION FOR A
ONE-WAY, PEAK PERIOD AUTO WORK TRIP

Input Parameters
- Value of Time per Person per Hour:

In-Vehicle
Out-of-Vehicle

- Trip Length and Travel Speed:

Line Haul Feeder
Freeway Segment 2
Freeway Segment 1
Downtown Distribution
Total

- Vehicle Occupancy
- Vehicle Type
Irip Segment

- Line Haul Feeder:

Time costs
Public costs?
Auto costs?

- Line Haul:

Time costs
Public costs®
Auto costsd

- Downtown Distribution:
Time costs®
Public costsf
Auto costsd
Parking costsP

Total cost per Person Trip

1 Person

Compact

98

$3.50
$8.75

Miles

5.0
5.5
1.0
0.5
18.0

0.700
0.056
2.200

0.875
4,730
3913

0.817
0.263
0.188
5.00

$18.75

MPH

25.0
50.0
50,0
200



TABLE 3-17.
SAMPLE CALCULATION FOR A
ONE-WAY, PEAK PERIOD AUTO WORK TRIP (Comtinued)
Notes: .
2 Includes only non-capital costs (i.e., environmental, social overhead, etc.,) -- see text.

b Based on Tables, 3-9, 3-10, and 3-11 (AAA costs) for non-rural arterials. Includes cold start factor (ARFC) of
2.2 applied to Table 6 value,

¢ Based on Table 3-4 peak period costs and Table 3-8 middle range congestion costs for segments 1 and 2 plus other
non-capital costs (see text).

d Based on Tables 3-9, 3-10, and 3-11 (AAA costs) for non-rural freeways.

¢ Assumes an out-of-vehicle time of 5 minutes for parking and walking to workplace.
f Includes naon-capital costs plus short-run congestion costs as outlined in text.

& Based on Tables 3-9, 3-10, and 3-11 (AAA costs) for non-rural arterials,

h Based on downtown parking fee of $5.00.

i This cost is for a single occupancy vehicle trip. If this were a carpool trip of 2 persons all costs other than time
costs would be divided by 2 to get an overall trip cost of $7.83 per person. (Time costs per person would increase
slightly due to an assumed carpooling delay - ses text).



For the transit portion of the trip, distances between the lot and downtown were
measured from a map. Typically, several routes serve a given park-and-ride lot. Trip
times were based on a composite average of bus schedule times for the various routes
serving the lot and downtown Seattle. Other route-specific information required
included the amount of transit deadhead and layover time to assign to the park-and-ride
trip. Deadhead and layover times as well as revenue and block times for relevant routes
were acquired from METRO. In cases where routes extended beyond the park-and-ride
lot, it was not reasonable to charge the routes’ entire deadhead and layover time to the
park-and-ride trip. Thus, these values were assigned in a proportion similar to that of
the lot-to-downtown run-time to the overall route revenue time. Deadhead miles were
assigned in the same way. Also developed from material obtained from METRO were
composite averages for the relevant routes involved for driver type (i.e., percentage of
part-time vs, full-time drivers) and coach type.

Passenger volume data by route for the spring of 1983 was acquired from
METRO as well. From this, average peak period passenger volumes for routes between
the park-and-ride lots and downtown Seattle were derived.

One other consideration is the time spent downtown walking between the bus stop
and the workplace. An average transit terminal time of 2 minutes was obtained from
PSCOG and used in this study.

A sample cost calculation for both a one-way, peak period, park-and-ride transit
work trip and a park-and-ride carpool work trip is outlined in Table 3-18.

Park-and-Ri rpool Tri

Distances for the park-and-ride carpool trip were measured in the same way as
those for the park-and-ride transit trip. Calculations for the auto access trip cost and
the cost of the trip between the lot and downtown were done in the same manner as

those for the park-and-ride transit trip and the auto work trip, respectively. One
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TARBLE 3-18.
SAMPLE CALCULATION FOR A
ONE-WAY, PEAK PERIOD PARK-AND-RIDE WORK TRIP:
BOTH TRANSIT AND CARPOOL

Input Parameters
- Value of Time per Person per Hour:
In-Vehicle $3.50
Out-of-Vehicle $8.75
- Trip Length, Travel Speed and Time: Miles MPH Minutes
Park-and-Ride Access Trip 5.0 250 12.0
Park-and-Ride to Downtown Trip
Transit-Line Haul Segment 2 1.5 - -
Line Haul Segment 1 7.0 - -
Downtown Distribution 0.7 - -
Total (Transit) 152 - 340
Carpool-Line Haul Segment 2 7.5 50.0 920
Line Haul Segment 1 7.0 50.0 8.5
Downtown Distribution 0.5 20.0 1.5
Total 150 - 19.0
- Vehicle Occupancy Number of Persons
Park-and-Ride Access Trip (Auto) 1
Transit Trip 40
Carpool Trip
- Vehicle Type:
Park-and-Ride Access Trip Compact Act
Transit Trip New Artic Coach
Carpool Trip Intermediate Auto

- Other Transit Trip Characteristics

Driver Type Part-Time
Route Revenue Minutes 53
Route Deadhead Minutes 48
Route Layover Minutes 6
Block Revenue Minutes 88
Block Platform Hours 2.96
Block Platform Miles 74

1 Person
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TABLE 3-18.
SAMPLE CALCULATION FOR A
ONE-WAY, PEAK PERIOD PARK-AND-RIDE WORK TRIP:
BOTH TRANSIT AND CARPOOL (Continued)

Trip Segment Cost
- Park-and-Ride Access Trip (Auto):
Time costs 0.700
Public costs® 0.056
Auto costs? 2.200
Parking costs® 1.035
Segment Total 3.991

- Park-and-Ride to Downtown Trip:

Transit Trip;
Time costsd 3.733
Public costs® 0.435
Transit Costsf 2.011
Transit Segment Total per Passenger 6.179
Carpool Trip:
- Line Haul -
Time costs & 5233
Public costsh 5.406
Auto costs! 4918
- Downtown Distribution -
Time costs i 2.451
Public costsk 0.263
Auto costs! 0.202
Parking costs™ 0.500
Carpoo! Segment Total 19.973
Total per Passenger 6.324
Total Park-and-Ride Transit Trip Cost per Passenger: $10.17
Total Park-and-Ride Carpoo?! Trip Cost per Passenger $10.32
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TABLE 3-18.
SAMPLE CALCULATION FOR A
ONE-WAY, PEAK PERIOD PARK-AND-RIDE WORK TRIP:
BOTH TRANSIT AND CARPOOL (Continued)
Notes:

2 Includes only non-capital costs -- see text.

b Based on Tables, 3-9, 3-10, and 3-11 {AAA costs) for non-rural arterials. Includes cold start factor (ARFC) of
2.2 applied to Table 6 value.

€ Cost of park-and-ride lot parking for Lynawood Lot -- see Table 3-12.
d Includes 10 minutes' parking and waiting for bus at park-and-ride lot and 2 minutes' walk time in downtown.

¢ Based on Table 3-6 peak period costs and Table 2-8 middie range congestion costs for segments 1 and 2 multiplied
by a factor of 2.49 for transit (see text). Also includes non-capital costs for transit road use and transit short-run
congestion costs for downtown portion of the trip (see text).

f Deadhead and layover time charged is 32 and 4 minutes, respectively, Deadhead miles charged is 13.3. Costs are
based on Tables 3-14, 3-15, and 3-16. Since total block time for this route is less than 4 hours, it is assumed the
coach can be assigned 10 another run during the day. Thus the cost per block assignment as shown in Table 3-14
is halved when applied here.

£ Based on all 3 passengers' time spent. Includes § minutes spent parking at park-and-ride lot and waiting for other
carpool members.

h Based on Table 3-4 peak period costs and Table 3-8 middle range congestion costs for segments 1 and 2 plus other
non-capital costs (see text).

i Based on Tables 3-9, 3-10, and 3-11 (AAA costs) for non-rural freeways.

J Includes 5 minutes spent parking and watking to workplace in downtown.

X Includes non-capital costs plus short-run congestion costs as outlined in text.
1 Based on Tables 3-9, 3-10, and 3-11 {AAA costs) for non-rural arterials.

m Assumes a carpool parking fee of $1.00 per day.
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consideration unique to this trip is the time spent parking and waiting for the other
carpoglers to arrive.

The average vehicle occupancy for park-and-pool cgress vehicles was 5.27 persons.
For 4 or 5 separate persons to park and congregate at one vehicle takes time. The last
pooler to arrive may only spend one minute parking and getting into the car/vanpool
vehicle; however, the first person to have arrived may have been waiting ten minutes.
As a rough average, five minutes was used for this parameter in this study.

A sample calculation for a one-way, peak period, park-and-ride carpool work trip

is included as part of Table 3-18.

Drive to Transit Trip

A significant number of current park-and-ride lot users drove to transit before
they used the park-and-ride lot. This trip is similar to the park-and-ride transit trip
except that it does not involve the use of the park-and-ride lot. The commuter drives to
a convenient bus step, finds a nearby parking place (usually on the street), and takes
transit downtown. Data with respect to the auto access and the transit trip lengths for
this type of trip were not available. It was assumed, however, that on the average these
trip lengths would be similar to those of the corresponding park-and-ride trip. Hence,
cost calculations for this previous mode trip were made in the same manner as those for
the corresponding park-and-ride transit trip. The one difference, however, is that the
cost of providing park-and-ride lot parking was not included in the drive-to-transit cost
calculation. A sample cost calculation is not included here since it is basically the same
(less the park-and-ride parking cost) as the one shown for the park-and-ride transit trip
in Table 3-18.

Walk to Transit Trip

Average values by TAZ were obtained from PSCOG for transit access walk time,

transit wait time, and transit run time to downtown Seattle. Highway distances
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measured from corresponding Census Tract centroids to the Seattlc CBD were used for
transit trip lengths, The time spent walking between the bus stop and the workplace was
considered to be the same as that for the park-and-ride transit trip -- 2 minutes
(obtained from PSCOG).

Since information pertaining to bus driver type or coach type was not available,
the average cost coefficients from the METRO route cost model (sce Table 3-14) were
used. To estimate deadhead and layover time, and deadhecad miles, a proportional
method was used. For routes serving downtown Scattle from the 11 sub-study area lots,
average layover (6 minutes), deadhead (36 minutes), and revenue run (53 minutes) times
were determined using METRO data. Given these proportions and the transit run time
obtained from PSCOG, layover and deadhead times were calculated. Dcadhecad miles
were estimated to be in the same proportion to revenue miles as dcadhead minutes were
to revenue minutes. Block revenue time, deadhead time, and miles were also necded for
this cost calculation. Approximations for thcse were obtained by taking averages for
routes serving the 11 lots in the sub-study area. The resulting average values were 145
minutes, 98 minutes, and 74 miles for block revenue time, deadhead time, and milcs,

respectively.

A sample walk-to-transit work trip calculation is presented in Table 3-19.
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TABLE 3-19.
SAMPLE CALCULATION FOR A ONE-WAY,
PEAK PERIOD TRANSIT WORK TRIP

Input Parameters

- Value of Time per Person per Hour:

In-Vehicle $3.50
Out-of-Vehicle $8.75

- Trip Length and Travel Speed: Miles

Line Haul Feeder 38
Line Haul Segment 2 1.5
Line Haul Segment 1 7.0
Downtown Distribution 0.7
Totals 19.0

- Vehicle Occupancy 10 persons
- Walk-to-Transit Time 6 minutes

- Transit Wait Time 10 minutes

Cost Category Cost

Time Costs

In-vehicle 2.625
Out-of-vehicle? 3.033
Total: 5.658

Public Costs

Non-capital costs® 0.11%
Highway capital and congestion costs® 0415
Downtown short-run congestion costsd 0.070
Total: 0.604

Transit Costs

Hour based® 1.143
Mileage basedf 1.095
Block assignment based8 0.491
Total 2.729

Total Cost per Passenger Trip $8.99
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TABLE 3-19.
SAMPLE CALCULATION FOR A ONE-WAY,
PEAK PERIOD TRANSIT WORK TRIP (Continued)

Notes:

2 Tncludes 16 minutes for walk access and wait time plus 2 minutes for walk time between the bus stop and
workplace.

b $0.188 per transit mile -- see text.

¢ Based on Table 3-4 peak period costs and Table 3-8 middle range congestion costs for segments 1 and 2 muliiplied
by a factor of 2.49 for transit -- see text.

d §2,987 per transit mile -- see text.

¢ Based on coefficients in Table 3-14. Time charged includes trip run time (52 minutes), deadhead (35 minutes), and
layover time (6 minutes).

f Based on coefficients in Table 3-14. Miles chrged include trip miles (19.0) and deadhead miles (12.9).

£ Based on coefficients in Table 3-14. The block assignment coefficient is halved because block time in this case is
less than 4 hours — see text.
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CHAPTER FOUR: RESULTS AND ANALYSIS

COST COMPARISONS

The following cost comparisons, unless otherwise stated, are based on the
recommended set of assumptions and values for the input parameters described in the
previous chapter, which include the following:

[ | automobile owning and operating costs based on the American Automobile

Association (AAA) cost estimates,

| highway costs attributable to a peak hour vehicle trip based on the "peak

period” highway cost method,

[ ] middle range estimates for roadway congestion costs.

A full set of trip cost model output tables based on these assumptions and the
corresponding input parameters is contained in Appendix D.

Totgl Costs

The total cost comparison for the average previous mode trip versus the average
park-and-ride trip bascd on the 467 cascs analyzed is presented in Figure 4-1. The
ligure also indicates the component costs (which include both highway and congestion
costs) for each trip. Keep in mind that these costs are averages for all trip types in each
category, i.c., the average previous mode trip represents a combination of walk to transit,
drive to transit, carpool and auto trips, while the park-and-ride average trip incorporates
both park-and-ride transit and park-and-ride car/vanpool trips. The results show that on
the average, the park-and-ride trip is less expensive than the previous mode trip. The
primary savings are in auto, roadway, and congestion costs. The auto costs are less
expensive simply because the commuter is driving a shorter distance., The savings in

roadway and congestion costs is due primarily to the reduction in the number of autos
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Figure 4-1. Totel Incurred Cost Comparison:
Combined Average Previcus Mode Trip vs.
Combined Average Park-and-Ride Trip
(Highway Costs Included)
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using the freeways -- which are both expensive to provide and relatively congested
during the peak periods.

The park-and-ride trip is more expensive with respect to time, transit, and
parking costs. The latter may seem a little surprising but the 55 percent of precvious
mode trips involving transit have no parking costs. The only previous mode trip with
significant parking costs is the auto drive alone trip. Conversely, every park-and-ride
trip incurs the cost of parking at the park-and-ride lot (this is an agency cost, not a user
cost). Transit costs are more expensive because 96.8 percent of the park-and-ride trips
analyzed involved transit. Only 55 percent of previous mode trips involved transit --
thus, when transit costs are averaged over all previous mode trips, the per trip cost is
lower. The park-and-ride trip is also more costly in time. One reason for this is that the
trip is slightly longer (15.9 miles to 15.3 miles for previous mode), but the primary cause
is the time spent transferring from auto to transit at the park-and-ride lot.

Figure 4-2 shows the previous mode, average total trip costs in terms of cost per
mile for each individual previous mode and compares them to the average park-and-ride
trip cost. Since the average trip length for the previous modes differ, the costs are
presented in terms of cost per mile to make them comparable across modes. The most
expensive previous mode is by far the auto drive alone trip. In addition, this is the only
prcvious mode trip which is more expensive than its corresponding park-and-ride trip.
All of the others are less expensive. The high cost of the auto drive alone trip is what
causes the combined average previous mode trip cost to be greater than that of the park-
and-ride trip. This obviously suggests that the higher the proportion of auto drive alone
trips a park-and-ride system can attract and convert to park-and-ride trips, the more cost
effective that system will be.

This total cost comparison includes the cost of both highway capital costs and the

costs of congestion and indicates the park-and-ride trip is 11.6 percent less expensive
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than the previous mode trip. As was discussed in Chapter One, arguments may be made
for excluding highway costs -- since they may be viewed as "sunk" costs -- from the cost
analysis. Hence, throughout this chapter, cost comparisons will be presented both
ways -- i.e.,, once with the inclusion of highway costs, and then again for when highway
costs are excluded. If the above total cost comparison were made without the inclusion
of highway costs, then the resulting trip cost comparison would be as shown in
Figure 4-3. Since highway costs are greater for the previous mode trip, excluding them
causes a great reduction in the previous mode trip as compared to the park-and-ride trip.
However, the overall result still shows the park-and-ride trip to be less expensive than
the previous mode trip by 7.5 percent ($8.59 to $9.29)

Agen n r

In addition to total public and private trip costs, the costs incurred by the
principal agencies involved (WSDOT and METRO) and by the individual user are
interesting. Figure 4-4 prescnts these incurred costs in a before and after (previous
mode vs. park-and-ride) comparison. The agency "after" costs, which include highway
costs, are shown for both existing and 100 percent lot utilization levels,

With respect to WSDOT, park-and-ride trips reduce roadway costs, but the added
expense of providing the lot overrides these savings. The net result is that WSDOT
spends $0.61 per park-and-ride person trip. However, since WSDOT’s primary function is
to serve the transportation needs of the public -- which in this case includes the park-
and-ride lot user as well as the general roadway user -- net costs to WSDOT must be
weighed against benefits to both the park-and-ride and the general roadway user. The
savings to the park-and-ride lot user as shown in Figure 4-4 is $1.48, or 22.9 percent, per
trip. This in itself more than makes up for WSDOT’s expense.

Adding the savings for roadway users due to reduced congestion ($0.84 -- the

difference between "before" and "alter” congestion costs in Figure 4-1) to user savings
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yields a total of $2.37 per person trip as the net savings to the user and general public,
Dividing this by WSDOT investments yiclds a substantial benefit-cost ratio of 3.85. If
the lots were used to full capacity, WSDOT's net cost per trip would decrease to $0.25
and the overall benefit-cost ratio would increase significantly to a value of 9.40.

It is also of interest to examine WSDOT’s costs versus the transportation system
user’s benefit when another scenario is considered -- namely, when highway capital costs
are excluded from the analysis. For this case WSDOT does not experience any savings in
roadway costs (except minimal maintenance costs). Thus, WSDOT’s costs for provision of
the park-and-ride lots are $1.16 and $0.80 per person trip for the cases reflecting existing
and 100 percent lot utilization, respectively. Based on this and on the transportation
user’s combined savings of $2.34 per person trip, the benefit/cost ratio is calculated at
2.03 and 2.94, respectively, lor existing and 100 percent lot utilization levels.

In considering costs incurred by Metro, previous mode trips involving transit (55
percent of all previous mode trips) are compared to park-and-ride transit trips (96.8
percent of all park-and-ride trips). Metro's costs are reduced by $0.11, or 5.0 percent, per
transit rider trip when park-and-ride lots are involved (if the lots were 100 percent
utilized this would rise to $0.16, or 7.2 percent). In addition, among the data population
analyzed, the introduction of park-and-ride lots contributed to a 77 perccnt increase in

transit ridership.

CORRIDOR COMPARISON

Figure 4-5 presents the percent of savings due to park-and-ride lots and
utilization rates for each of the north and southeast corridors as well as for two
individual lots, Northgate and Eastgate. These costs include highway capital costs. With
respect to trip cost savings, park-and-ride lots are more effective in the southeast
corridor than in the north. This is somewhat surprising in light of the fact that the

southeast corridor has a much lower utilization rate (44.9 percent to 79.2 percent for the
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North). In fact, since its current utilization is so much lower, the southeast corridor has
a higher potential for improvement. If the lots were fully utilized, the percent savings
per park-and-ride trip would increase to 21.9 percent for the southeast corridor as
opposed to 13.4 percent for the north. This contrast in cost effectiveness is even more
evident if two selected lots from cach of the corridors -- Northgate from the north
corridor and Eastgate from the southeast (#'s 3 and 17, respectively, in Figure 1-1,
Chapter I) are compared. The Northgate lot, even when fully utilized, cxperiences an
average loss of 3.5 percent per trip, while Eastgate shows an impressive savings of 23.3
percent when fully utilized.

Several factors are involved in producing this discrepancy between the two
corridors. One is that southeast corridor trips must travel along I-90, which was a much
more costly road to build than was I-5 in the north corridor (see Table 3-4,
Chapter Three). Hence, replacing auto with transit trips results in greater savings in the
southeast corridor than in the north.

Perhaps a more significant reason, however, is found by comparing the
percentage breakdown of previous mode trips between the two corridors (sec Figure 4-6).
Both corridors are fairly similar in their percentages of drive to transit and car/vanpool
trips. However, a significant difference exists between their walk to transit and auto
drive alone trips. Park-and-ride lots in the southeast corridor drew a significantly
greater proportion of auto drive alone trips from the roadway than did those in the
north. At the same time, fewer southeast park-and-riders had previously walked to
transit. When compared to the park-and-ride trip, the auto drive alone trip is far.
costlier while the walk to transit trip is less expensive {see Figure 4-2). Thus. the
southeast corridor experiences a greater savings in overall trip costs than does the north

corridor.
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Figure 4-7 shows the general cost comparison results by corridor for the case in
which highway capital costs are excluded from the cost analysis. In ‘.this case, the north
corridor appears to fare better than the southeast (8.7 percent savings to 4.3). This is
because estimated congestion costs arc higher in the north corridor than in the southeast
(see Table 3-8, Chapter Three) while highway costs are much greater in the Southeast
than the North corridor (See Table 3-6, Chapter Three). Thus, excluding highway costs
from the analysis causes a greater reduction in park-and-ride trip savings in the
southeast than it does in the North corridor.

An interesting note here is that for both situations discussed (with and without

the inclusion of highway capital costs) the southeast corridor Fares better than the north

corridor when the lots are 100 percent utilized.

PARK-AND- L

Of the 467 park-and-ride cases analyzed, only 15 (3.2 percent) used carpooling or
vanpooling to egress the lot. This percentage is low primarily because only trips to
downtown Seattle were analyzed. When considering all cases, the portion of persons who
car/vanpooled from the lot was 14.8 percent (See Figure 2-15, Chapter Two).

However, even with this information some general observations can be made.
First, it is apparent that car/vanpooling in general is a very cost-¢cflective means ol
commuting. In the previous mode cost comparison of Figure 4-2 it is the least expensive
per mile of all the trip modes considered. Figure 4-8 compares the per mile cost of the
park-and-ride transit trip with that of the park-and-ride carpool, or park-and-pool trip.
In this comparison, which included highway capital costs, the park-and-pool trip is 20.4
percent less expensive than the park-and-ride transit trip. Even when allowing for some
uncertainty due to the low number of cases, it is apparcent that the park-and-pool trip is
more economical than the conventional park-and-ride transit trip. This can be

attributed to the savings in time and transit costs,
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ENSITIVITY ANALYSIS FOR VARI INP PARAMETER VALUE

In determining the wvalues for various input parameters, the researchers
considered scveral values bascd on varying assumptions and sources. Most significant
among these were those used for the value ol time, highway costs, congestion costs, and
auto owning and operating costs (outlined in detail in Chapter Three). The values used
for these parameters in the cost analysis just presented were those determined most
reasonable for use in this study. However, for comparison purposes it is desirable to see
how the cost analysis might change if different values are used for these paramecters.

The trip cost model was run for cases representing 132 different combinations of
the four primary input parameters: time costs, highway costs, congestion costs, and auto
costs. General results of these runs are presented in Figure 4-9 in terms of three basic

categories. The results from the runs fell into the three broad categories as follows:

[ | park-and-ride trip is less expensive than previous mode trip (92 runs),
[ ] cost of each trip is basically equal (11 runs),
[ ] park-and-ride trip is more expensive than previous mode trip (29 runs).

The purposc of this sensitivity analysis is to determine the general results of the
trip cost model over a wide range of possible input parameter values. Note that these
runs encompass some input parameter combinations which are not necessarily realistic,
Most notably, it can be argued that any combination which excludes both highway
capital and congestion costs would be unreasonable (this situation is reflected in the top
row of boxes in Figure 4-3A through F). Highway capital costs and congestion costs are
interrelated. For the most part, they can be traded off for one another -- i.e., given
increasing levels in a particular corridor, il additional roadway capacity is not
constructed, then congestion and its associated costs will increase. [t is recognized that
this is a simple view which possibly excludes a number of potentially relevant factors

{e.g., a successful TSM tactic may alleviate congestion costs without the aid of additional
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roadway construction); however, for the most part, this view holds true. Highway
capital costs can be traded off for congestion costs, and one or the other should be
included when calculating total trip costs. Hence, it may be argued that the parameter
combinations represented by the top row of Figure 16A through F are unreasonable.

In general, the previous mode trip is more intense in highway use and auto use
than the park-and-ride trip, and therefore is more sensitive to changes in highway,
congestion, and auto costs, Hence, higher values for any of these three parameters will
make the previous mode trip proportionally more expensive than the park-and-ride trip.
The converse will happen when these costs are decreased (i.e., the previous mode trip
will decrease accordingly with respect to the park-and-ride trip.) Thus, in Figure 4-9,
only for the most conservative estimates for highway, congestion and auto costs do the
runs indicate the lots to be not cost effective.

The park-and—ridc. trip is more time intensive than the previous mode trip --
particularly with respect to in-vchicle time -- and consequently is more sensitive to
changes in the valuc of time. Thus, in proportion to the previous mode trip, the park-
and-ride trip cost is more sensitive to an increase in the value of time. This is indicated
in Figure 4-9 when all paramcters are held constant save that for in-vehicle time. As
the value of in-vehicle time increases from one-fourth the hourly wage rate to one-half
the hourly wage rate, cases for which the lots were formerly cost effective became not
cost cffective.

As a final sensitivity analysis cxercise, it was desirable to conduct the trip cost
comparison based on the most "extreme” sets of parameter value combinations. Of all
the parameter values identified, those which would be most favorable to the previous
mode trip (i.c., lower the cost of the previous mode trip to the greatest extent in relation

to that of the park-and-ride trip) are outlined as follows as extreme case #1:
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[ highway capital costs excluded,

[ ] congestion costs excluded,

a auto costs based on FHWA and P&R second car values,

[ | value of in-vehicle time is one-half the hourly wage rate, and

[ ] the value of out-of-vehicle time is 3.33 times that of in-vehicle time,

Extreme case #2, that which is most favorable to the park-and-ride trip, is identified by

the following parameter values:

[ ] highway costs based on the Keeler-Small method,

[ | congestion costs based on high estimates,

[ | auto costs based on Hertz estimates,

l in-vehicle value of time is cqual to one-fourth the hourly wage rate, and
a the value of out-of-vehicle time is 1.5 times that of in-vehicle time.

The results of the first extreme case show the previous mode trip to be 7.2
percent less expensive than the park-and-ride trip ($8.50 to $9.16). The results of the
other extreme case, however, indicate the previous mode trip to be 354 percent less
expensive than the park-and-ride trip ($12.33 to $9.17). These extremes encompass a very
broad range of possibilities as far as the trip cost analysis is concerned, and indicate

that the park-and-ride lots are likely to be cost effective for the situation analyzed.

EVA TION VARI E VEN

In order to provide a more comprehensive analysis, it was desirable to evaluate
several measures of effectiveness independently, and as much as possible, in terms of
their own units rather than doliars. This has been donc for the following measurcs:
travel time, person miles traveled, vehicle miles traveled, traffic volumes, vchicle
emissions, and accidents. A brief discussion of these analyses follows. An in-depth

analysis of the impact that park-and-ride lots have on energy consumption was
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conducted as a separate but related study (6). Significant results of that study are
discussed in Chapter Five.

Travel Time

Due¢ primarily to the time involved in transferring between modes, the average
park-and-ride trip takes longer than the average previous mode trip by 13.3 percent (see
Figure 4-10). In general, the use of park-and-ride lots as opposed to the previous modes
used means an increase in travel time for the commuter.

Person Miles Traveled

Just as travel time is increased by the use of park-and-ride lots, so is the average
trip length. As shown in Figure 4-11, the average park-and-ride trip is 3.9 percent
longer (15.9 miles to 15.3 miles) than the previous mode trip. Thus, the use of park-and-
ride trips increases the overall number of person-miles traveled.

Vehicle Times Traveled

Perhaps a more significant measure of effectivencss than person miles traveled is
vehicle miles traveled (VMT). VMT has a significant effect on energy use, vehicle
emissions, accidents, congestion and traffic capacity requirements. In general, a
reduction in VMT will cause a reduction in cach of these other measures.

The estimated effect that park-and-ride lots have had on daily VMT is presented
in Tabie 4-1. The net decrease in VMT is simply the difference between the estimated
auto YMT decrease and the transit VMT increase. The net auto VMT decrease was
obtained by determining the total number of autos employed in previous mode trips and
subtracting from that the total number employed in the park-and-ride trip between the
lot and destination (assumed to be the Seattle CBD for these purposes). This yiclded a
net reduction in autos used by lot, which in turn was multipliecd by the distance between
lot and destination to get the estimated net reduction in daily auto VMT. Figure 4-12

graphically portrays the net decrease in total VMT.
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TABLE 4-1.
ESTIMATED IMPACT OF PARK-AND-RIDE LOTS
ON DAILY VEHICLE MILES TRAVELED (VMT)

Decrease in Increase in Net Decrease

Auto YMT Tranmsit VMT  jn YMT

North Corridor 15,934 1,844 14,090
Northeast Corridor 18,524 1,820 16,704
Southeast Corridor 7,586 712 6,874
South Corridor 31,952 3,708 28,244
Total System 73,996 8,084 65,912+

*This represents 0.5% of total VMT on Interstates and principal arterials in King County (30).
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For the four corridor area, the total estimated VMT diverted from the Seattle
area highways is nearly 66,000 VMT per day, which represents 0.5 percent of total VMT
on Interstates and principal arterials in King County (30). Looking at the corridors
independently, the south corridor makes the largest contribution to the total reduction of
VMT, while the southeast corridor contributes the least, In terms of effectiveness,
however, this is slightly misleading because the south corridor has the largest number of
park-and-ride stalls of the four corridors, while the southcast corridor has the fcwcst.
Therefore, in Figure 4-13, VMT is presented in a different fashion -- in terms of VMT
reduced per park-and-ride lot stall buiit, and VMT reduced per park-and-ride lot stall
occupied.

The northeast corridor, due to its relatively high utilization rate (1983 avcrage
utilization rate of 75.7 percent) and the longer distances from its lots to downtown
Secattle, had the highest reduction in VMT per stall built, at 742, However, when
looking at VMT reduced per occupied stall, the south corridor is by far the most
effective with a rate of 12.24. The high value for the south corridor is duc to the
relatively long distances between several of its larger lots and downtown Seattle. For
the entire system in 1983, the reduction in daily VMT per park-and-ride lot stall was
6.40, while per stall utilized, the daily reduction in VMT was 9.86.

Traffic Volumes

A basic argument in support of park-and-ride lots is that they reduce traffic
volumes on crowded urban freeways and arterials. Based on information from the park-
and-ride lot survey, the estimated number of daily, one-way, vehicle trips diverted from
Seattle area freeway segments due to park-and-ride lots is presented in Figure 4-14.
These numbers were calculated in a manner similar to that of VMT, ie., they represent
the difference between the total number of park-and-ride vehicles used between the lot

and downtown Seattle. I-5 experiences the greatest traffic volume reduction,
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particularly on the scgments adjacent to the CBD. Immediately north of the CBD,
estimated 1485 one-way trips are diverted. This represents about 1.5 percent of the total
average weekday traffic volume at this location (30). The total number of diverted one-
way daily vehicle trips was 2723, which corresponds to a total reduction in average
weekday traffic volume of 5446 trips (two-way) due to park-and-ride lots.

Based on a frequency distribution of morning trip departure times in the park-
and-ride survey data set, it was calculated that 53 percent of the trips occur in the peak
hour, and 92 percent in the peak 3 hours. For I-5 just north of downtown Seattle, 1485
vehicle trips are diverted. This corresponds to 787 vehicles in the peak hour. Using a
capacity of 1700 vehicles per lane, this is equivalent to 0.46 lanes saved at this freeway
location due to park-and-ride lots.

Yehicle Emissions

Based on the vehicle emission rate information in Table 4-2, and information
from Table 4-1, the research team estimated that for the total park-and-ride lot system
analyzed, the effect on air quality is as outlined in Table 4-3. Daily hydrocarbon and
nitrogen oxide emissions have been reduced -- and carbon monoxide emissions have been
significantly reduced. Due to the increase in diesel bus VMT, however, emission of total
suspended particulates appears to have slightly increased. With respect to total air
pollutants in King County, however, the amount of change in air quality due to park-
and-ride lots is relatively insignificant, with impacts ranging around 0.1 pcrcent.1

Acciden

Since accidents are highly correlated to VMT, and park-and-ride lots have

reduced VMT, it is sale to say that park-and-ride lots have reduced accidents. This is

Based on information from Air Pollution Control Puget Sound, a King County
Agency.
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TABLE 4-2,
VEHICLE POLLUTANT EMISSION RATES

Auto Diesel Bus

{Gm/Mile} {Gm/Mile)
Carbon Monoxide (CO) 15.60 596
Hydrocarbons (HC) 1.90 0.75
Nitrogen Oxides (NOX) 380 15.90
Total Suspended Particulates 0.08 1.20

Source: Metro TRANSITion Phase IV Technical Report - Draft, Metro Transit, August 1980,

TABLE 4.3,
AIR QUALITY IMPACT OF PARK-AND-RIDE LOT SYSTEM

Daily Emission Type D 1 (Gms in_000's)

[8:4) HC NOX ISP
Auto -1154 -140 -282 -1
Transit +48 +6 +128 +10
Net -1106 -134 -154 +9
% of Daily Total (King Co.)3 0.09 -0.12 -0.16 +0.08

28ased on information from Air Pollution Control Puget Sound, a King County Agency.
CO = Carbon Monoxide

HC = Hydrocarbons

NOX = Nitrogen Oxides

TSP = Total Suspended Particulates
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supported by results from the trip cost model as shown in Figure 4-15. The cost of auto
accidents is directly proportional to the rate of auto accidents. Since the accident cost
per person trip was reduced from $0.31 for the previous mode trip to $0.20 for the park-
and-ride trip (a reduction of 35.5 percent), auto accident rates were reduced accordingly.
A slight increase in transit accidents may have occurred due to the increase in bus VMT,
however, bus accident rates are much lower on a per passenger basis than those for autos

(31), and any increase in bus accidents that may have occurred is considered

insignificant in relation to the reduction in auto accidents.
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CHAPTER FIVE:
PARK-AND-RIDE SYSTEM ENERGY INTENSITY

INTRODUCTION

This chapter is a summary of an independent but related study on the energy
intensity of the Seattle arca park-and-ride system. For more details on this study the
reader is referred to the original source (6).

Due to the rclatively high passenger volumes of the transit vehicle, as compared
to average work trip vehicle occupancy, park-and-ride systems are considered to offer
significant energy savings and air quality benefits (37). This research quantifies
operational energy use of a large scale system and develops an e¢nergy intensity for an
average trip from each lot, each of four regional travel corridors, and the entire system.
The energy intensity of the park-and-ride system, as measured in British thermal units
(BTU’s) per person-mile of travel, is compared to the energy intensity of system users’
previous modes,

The literature reviewed in the course of this project included evaluations of
existing and projected passenger car fuel consumption, the adjustment of tested
automobile fuel consumption (miles per gallon) to in-use ("road") fuel consumption park-
and-ride operations, and park-and-ride lot direct and indirect cnergy consumption.

Details of these reviews are available in reference (6).

METHODS

The measurement of the average energy intensity of trips using park-and-ride lots
required data on trip lengths, vehicle occupancy and fuel economy for each vehicle. A
survey of park-and-ride system users provided all trip origin and destination data, and
automobile, carpool and vanpool occupancies (se¢ Chapter Two). The survey also

collected automobilc make and model information, which was used to assign automobile
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fuel economies (miles per gallon) for each automobile trip. Study calculations were
largely carried out by several computer programs. The two principal programs,
DISTANC and PRFUEL, developed trip length records, and energy use and intensities,

respectively,
hw istan ion

Average distances were computed from the following two sources: 1) scaled
distances from U.S. Census Burcau 1980 block maps for the Seattle-Everctt urbanized
area, and 2) regional traffic analysis zone {TAZ) centroid to centroid distances over the
1980 network of freeways and arterials. Distances between trip origins and park-and-
ride lots were scaled for the south-cast corridor lots and used to adjust origin to park-
and-ride lot distances in the other three corridors. All other distances were unadjusted
TAZ to TAZ distances.

A Puget Sound Council of Governments (PSCOG) 1980 regional network for 355
TAZ’s produced the travel distance skims used for model TAZ to TAZ distances. The
DISTANC program read the PSCOG TAZ to TAZ distance file and matched distances to
TAZ pairs read from the survey file records, Another input file contained internal
travel distances for each of the 355 zones. The following distances (in tenths of miles)
were determined for each survey record: 1) origin to destination; 2) origin to park-and-
ride lot; 3) park-and-ride to destination; 4) park-and-ride to inbound bus transfer
location; 5) inbound bus transfer location to destination; 6) destination to outbound bus
transfer location; 7) outbound bus transfer to park-and-ride lot; and 8) origin to park-
and-ride lot scaled distance (southeast lots only).

Average Vehicle Qccupancy Data

Both the automobile and carpool/vanpool occupancies were obtained directly

from the survey data file and tabulated by the PRFUEL program for each lot, corridor,
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and system-wide. Compilation of transit vehicle occupancies involved the following
described tasks.

The METRO bus passenger volume data basc contained the average volume per
trip at specific route checkpoints during the morning and afternoon peak periods, as
well as during the midday. Volumes were reported for both inbound and outbound runs,
and the number of passcngers boarding and alighting was alse given. In order to
develop bus passenger volumes for each of the transit park-and-ride to destination trips
reported in the park-and-ride survey, it was necessary to weight the Metro-surveyed
volumes by the percentage they comprised of the total trip distance. This was
accomplished by measuring the total route length and the distances between Metro
checkpoint locations (typically park-and-ride lots, major transfer points, and entry
locations to the Seattle central business district). An input file containing inbound and
outbound passenger volumes on 266 distinct trips was developed. The PRFUEL program
read the transit route numbers and times from the survey file and matched them to a
passenger volume. For each survey record, an average passenger volume of the inbound
and outbound transit trips to the park-and-ride and any transfer trips was computed.

Fuel Consumption and Energy In i Iculation

Average person-miles is the product of a trip’s respective average distance and
average vehicle occupancy. The PRFUEL program computed average and total person-
miles for each lot, corridor, and system-wide. Average fuel economy for automobiles,
carpools and vanpools was based on EPA "city" mileage guide ratings (32) adjusted to in-
use fuel economy by a four variable equation. Direct matches to EPA mileage guide
ratings were madc to about 600 vehicles in the north and southeast corridors. PRFUEL
used model year averages calculated from the 600 vehicles to assign EPA fuel economies

to vehicles in the northeast and south corridors.
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The fuel economy adjustment equation required both the population of the trip
origin’s postal zipcode and the average number of miles driven per day. PRFUEL
matched the zipcode contained in the survey file to the appropriate population. Miles
driven per day was assumed to be twice the origin to park-and-ride or origin to
destination trip length. Average adjusted fucl cconomies for each trip type were
calculated for each lot, corridor, and the system. A constant value was used for two
climatic variables in the four-variable equation.

Transit vehicle fuel consumption for each of ten Metro bus fleets was obtained
from the Mectro Vehicle Maintenance Division. The number of available seats on the
surveyed routes was used to weight fucl economy between the fuel economics of the
regular and articulated coach fleets at the primary assignment base of the route,
PRFUEL assigned fuel economies to all survey record transit routes. Assignments were
made to both inbound and outbound routes, and to transfer routes if applicable. The
energy consumption of electric trolleys was converted to equivalent miles per gallon of
diesel fuel in order to be able to use these routes in the PRFUEL analyses.

Total fuel consumption for each park-and-ride lot was computed by dividing the
average trip distance by the corresponding average fuel ¢conomy. The resulting fuel
consumption for the average trip was then expanded to a lot total by multiplying times
the number of surveys distributed at the park-and-ride lot.

The encrgy content of the fuel was expressed in British thermal units (BTU’s).
Reference (33) gives the BTU content of one gallon of gasoline as 125,000 and one gallon
of diesel fuel as 138,700. The energy intensity of the surveyed origin to destination trip
using the park-and-ride lot, and an origin to destination trip using the origin to park-
and-ride lot vehicle, was expressed as average BTU's per person-mile. The averages were

derived by dividing total BTU’s by total person-miles.
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RESULTS

Tables 5-1 through 5-5 contain summary statistics for each of the four travel
corridors and for the entire system. Data for individual lots are available in Reference
{6). Data in the five tables are unweighted corridor and system averages on a lot-by-lot
basis (i.e., each lot is counted equally in computing corridor averages rather than
weighting by the lot’s percentage of all corridor occupied parking spaces).

This research also included a before and after fuel consumption comparison
which included consideration for the “"car left home." The "car left home" theory states
that when a non-auto commute trip is taken, the auto left at home is used to the extent
that the energy consumed is equal to 40 percent of what would have been consumed had
an auto commute trip been made (34). When considering the park-and-ride trip, the auto
that is tied up at the park-and-ride lot has no potential for consuming the fuel beyond
what is required for the access trip. Whereas, for walk to transit and carpool/vanpool
trips, the auto left at home will most prabably be used.

Figure 5-1 indicates the encrgy savings that the park-and-ride trip experiences
when compared to the previous mode trip. The park-and-ride trip is 20.5 percent more
fuel efficient when not considering the car ieft home, and is 32.1 percent more efficient

when the car left home factor 15 considered.

CONCLUSIONS

Park-and-Ride System and Automobile Energy Intensity

Based on this study, the park-and-ride system offers significant operational
energy efficiencies over the automobile mode for regional home to work trips. System-
wide, the average, onc-way park-and-ride trip had an energy intensity of 959 BTU’s per
person-mile as compared to an average automobile energy intensity of 5,827 BTU's per
person-mile for the typical trip at an average automobile occupancy of 1.08 persons

{(surveyed origin to park-and-ride lot occupancy). Using a regional average automobile
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Park-Ride
Surveys

Table §5-1.

Via Park-

North
Averages
Std. Deviation
Minimum
Maximum

Southeast
Averages
Std. Deviation
Minimum
Maximum

Northeast
Averages
Std. Deviation
Minimum
Maximum

South
Averages
Std, Deviation
Minimum
Maximum

System-wide
Averages
Std. Deviation
Minimum
Maximum

1Based on surveyed vehicle occupancies of origin to park-and- ride Iot trips.

573

349

674

795

2402

1085
122
850

1227

1282

290
1012
1549

1073
71
945
1142

987
151
805
1144

1092
167
805

1549
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SYSTEM-WIDE AND CORRIDOR ENERGY INTENSITY
BTU's Per Person-Mile

Mode of Tri
Via Auto
Auto Ratio
5594 5.19

400 .81
5256 4.53
5904 6.74
6531 5.23

987 1.00
5529 3.57
7835 6.52
5927 5.56

580 15
5234 4.65
7026 6.51
5775 592

215 .79
5634 499
6182 7.16
5919 5.52

574 83
5234 3.57
7835 7.16



Table 5-2,
SYSTEM-WIDE AND CORRIDOR AVERAGE TRIP LENGTHS
DISTANCES IN MILES

Origin_to Destinafi
Origin P&R to Via Direct/
North
Averages 3.6 13.5 17.0 16.5 0.97
Std. Deviation 1.1 48 5.2 48 0.03
Minimum 2.1 8.1 11.6 109 0.94
Maximum 5.1 19.9 23.5 22,6 1.01
Southeast
Averages 41 15.0 194 18.0 0.93
Std. Deviation 1.0 2.5 3.1 3.2 0.05
Minimum 3.0 11.3 154 14.0 0.85
Maximum 5.5 18.2 235 212 0.97
Northeast .
Averages 4.0 16.5 20.5 19.3 0.94
Std. Deviation 0.7 2.9 31 2.6 0.05
Minimum 34 10.7 14.8 14.5 0.84
Maximum 54 19.5 249 232 1.01
South Corridor
Averages 4.0 174 214 20.3 0.95
Std. Deviation 1.1 5.5 6.3 62 0.03
Minimum 2.8 1.8 10.8 10.6 021
Maximum 6.1 23.8 29.7 204 0.99
System-wide
Averages 4.0 15.8 19.8 18.7 0.95
Std. Deviation 1.0 43 4.8 45 0.04
Minimum 2.1 7.8 10.8 10.6 0.84
Maximum 6.1 23.8 29.7 294 1.01
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Table 5-3.

SYSTEM-WIDE AND CORRIDOR AVERAGE VEHICLE OCCUPANICES

Corridar Name

North
Averages
Std. Deviation
Minimum
Maximum

Southeast
Averages
Std. Deviation
Minimum
Maximum

Northeast
Averages
Std. Deviation
Minimum
Maximum

South Corridor
Averages
Std. Deviation
Minimum
Maximum

System-wide
Averages
Std. Deviation
Minimum
Maximum

Qrigin o Park-and-Rid Origin_to Destinati

Auto

112
0.08
1.07
1.27

1.06
0.05
1.00
1.12

1.08
0.05
1.00
1.15

1.09
0.04
1.04
1.16

1.09
0.05
1.00
1.27
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Bus

325

44
26.7
40.8

315

4.5
25.1
359

327

34
29.1
38.1

36.9

5.6
20.9
45.8

337

4.6
25.1
45.8

Carpool/
Yanpool

4.32
2.11
2.50
B.28

4.64
1.07
2.88
5.88

535
2.13
275
8.67

396
1.27
200
5.21

4.55
1.72
2.00
8.67



Table 5-4.
SYSTEM-WIDE AND CORRIDOR AVERAGE FUEL ECONOMIES
Miles per Gallon

1) (2) 3) 4)
Origin Park-and-Ride to Origin to

Corridor Name Auto Bus Yanpools Auto [C3T80]
North

Averages 15.7 42 18.1 20.1 1.28

Sud. Deviation 1.4 15 53 1.0 0.07

Minimum 13.8 4.0 10.8 18.5 1.18

Maximum 17.6 4.4 258 21.1 1.37
Southeast

Averages 14.6 4.2 19.3 18.3 1.26

Std. Deviation 14 13 29 2.0 0.03

Minimum 12.8 4,1 14.6 16.0 1.22

Maximum 16.0 4.4 229 20.2 128
Northeast

Averages 15.5 42 224 19.7 1.27

Std. Deviation 1.0 07 3.6 1.2 0.04

Minimum 14.2 4.1 16.0 17.8 1.21

Maximum 17.1 4.3 254 214 1.33
South Corridor

Averages 15.6 4.1 21.1 20.0 1.28

Std. Deviation 0.6 13 2.7 0.8 0.04

Minimum 14.7 4.0 17.8 13.8 121

Maximum 16.6 43 24.9 209 1.32
System-wide

Averages 154 4.16 204 19.6 1.28

Std. Deviation 1.1 0.12 54 1.2 0.05

Minimum 12.8 40 10.8 16.0 1.18

Maximum 17.6 4.4 25.8 214 1.37
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Table 5.5,
SYSTEM-WIDE AND CORRIDOR AVERAGE PERSON-MILES

Origin Park-and-Ride Origin to
to PAR to_Destinati Destinati
Car/
Auto Bus Yanpools Auto
Corridor Name
North
Averages 4,0 410 624 18.5
Std, Deviation 1.1 183 49.1 53
Minimum 23 240 204 11.6
Maximum 55 681 164.6 259
Southeast
Averages 4.7 419 69.2 19.1
Std. Deviation 1.1 154 212 4.0
Minimum 3.2 244 442 14.7
Maximum 6.1 602 106.9 237
Northeast
Averages 43 506 89.3 208
Std. Deviation 0.7 88 40.9 3.0
Minimum 16 358 20.1 15.5
Maximum 58 626 1439 2438
South Corridor
Averages 43 673 723 219
Std. Deviation 1.1 307 333 6.3
Minimum 29 257 15.6 120
Maximum 6.3 1091 114.4 30.5
System-wide
Averages 43 518 740 20.3
Std, Deviation 1.0 208 379 49
Minimum 2.3 240 15.6 11.6
Maximum 6.3 1091 164.6 30.5
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gallons of gasoline per

one-way person trip

B3 includes Energy
Consumption of the
“Car Left Home"

o6 1 548

Previous Mode Trip P&R Trip

Figure 5-1. Average Energy Consumption Comparison
(Averaged Over 25 Lots).
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occupancy of 1.20 for work trips, the cnergy intensity of the automobile trip would be
5,244 BTU’s per person-mile for the typical trip at an average automobile occupancy of
1.08 persons (surveyed origin to park-and-ride iot occupancy). Using a regional average
automobile occupancy of 1.20 for work trips, the cnergy intensity of the automobile trip
would be 5,244 BTU's per person-mile. Although transit vehicles werc found to have a
high rate of fuel consumption (4.16 miles per gallon on the average), the park-and-ride
trip energy efficiency was due to the high average passenger load of 35.6 persons per
surveyed trip.

Fuel n ion -- r r

In the before and after analysis of fuel consumption (galions of gasoline),
previous fuel consumption of the 6,672 system users was estimated as 1,829,000 gallons
of gasoline for all modes reported when considering the effect of the "car left home."
Neither the 1.3 percent who reported "other" previous modes nor the 18.0 percent who did
not make the trip before (see Chapter Two for survey results) were included in the
estimate. Park-and-ride system annual (ucl usc was estimated to be 1,242,500 gallons,
resulting in a net reduction of 586,500 gallons or 32.1 percent. Annual operational fucl
savings of the system in 1983 was estimated at 94.9 gallons per occupied space.

When the "car left home" factor was discounted, total vearly previous fuecl
consumption was estimated at only 1,516,500 gallons of gasoline. Yet the annual park-
and-ride system fuel use still exhibited a substantial savings (20.5 percent) in
comparison.

Capital Energy P k

Construction energy for a typical 550-space park-and-ridc lot has been estimated
as 167,000 gallons of gasoline and annual maintcnance cnergy as 630 BTU’s per squarce
foot (35). With an estimated encrgy savings of 94.9 gallons per occupicd space, and 60.7

percent utilization of all system parking spaces, the entire Seattle area system has an
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encrgy payback period of about six years. This analysis may yield a conservative
cstimate of energy savings attributable to the system since the construction energy of
freeway lanes not required duc to the shift to a higher occupancy travel mode has not
been considered. The energy payback of individual lots has not been estimated.

Vehicle Fuel Consumption

The fleet of surveyed vehicles had an average fuel economy of 15.6 miles per
gallon for the origin to park-and-ride lot trip when adjusted from EPA mileage ratings
to in-use fuel economy by means of an EPA-developed regression equation, This
cquation adjusts fuel economy primarily on the basis of average miles driven per day.
The origin to park-and-ride trip had a system-wide average distance of 4.2 miles and the
origin to destination trip had a 19.2 mile average distance. When the origin to park-and-
ride automobile fleet EPA mileage rating was adjusted using the 19.2 miles distance, in-
us¢ fucl economy was estimated as 19.8 miles per gallon. The fuel economy penalty for
the short trip to the park-and-ride lot appeared to be about 21 percent.

System-wide, carpool and vanpool in-use fuel economy for the park-and-ride to
destination trip was calculated to average 21.5 miles per gallon, 8.6 percent higher than
the in-use economy of the origin to park-and-ride fleet on the origin to destination trip.
Given the high average occupancy of carpools and vanpools (5.25 persons per vehicle
system-wide average), carpools and vanpools achieved similar ¢nergy intensitites for the
park-and-ride to destination trip as transit--1,100 and 813 BTU’s per person-mile,
respectively.

Reference (36) presents future year passenger car fuel consumption figures of
26.2 in 990 and 27.5 in the year 2000. The annual increase in fleet average fuel
cconomy is projected to decrease aflter 1985 since federally mandated, new car fuel
cconomy increases will end with the 1985 model year at a 27.5 miles per gallon new car

average. Assuming no significant increases will be made in transit vehicle fuel economy
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in the next 15 years, the difference between encrgy intensities of the park-and-ride
system and automobile origin to destination trips will decrease to the year 2000. The
1990 and year 2000 passenger car fleets are projected to be 32.8 and 38.9 percent,
respectively, more fuel efficient than the 1983 fleet (36). This change in vehicle fuel
consumption would lower the 1990 origin to destination automobile trip energy intensity
to 3,963 BTU’s per person-mile (work trip average automobile occupancy of 1.20). In the
year 2000, the energy intensity of this trip would be 3,776 BTU’s per pcrson-mile.

Energy intensity of the origin to park-and-ride portion of the park-and-ride
system trip would also decrease correspondingly. Calculated 1990 park-and-ride system
energy intensity for the average origin to destination trip would be 938 BTU’s per
person-mile. In terms of energy intensity, the park-and-ride trip will retain a more than
4.1 advantage over all automobile trips through the year 2000. Figure 5-2 shows thc
calculated cnergy intensities for the park-and-ride system and automobile (1.20 average
car occupancy) modes for 1983, 1990 and 2000.

Prev yel M - -Rj r

Reference (6) presents users’ reported previous travel modes from each lot, the
four travel corridors, and the entire system. Figure 5-3 shows the previous travel modes
of park-and-ride system users. Of all the system users who previously made the trip (82
percent of all surveyed), 41.6 percent uscd transit (58 percent of these drove to transit),
and 56 percent drove alone or carpooled. Assuming that carpools have an avcrage
occupancy of 3.0 persons per vehicle, it is the latter 56 percent of the system users that
previously made the trip that can definitely be considercd to be switching to a more
energy efficient mode. There is probably no significant gain in energy efficiency for
system users who previously drove to transit. For those who previously waiked to transit
{(17.3 percent of all previously making the trip), there is a probable gain in energy

efficiency. Although these users had no automobile trip, average passenger volumec of
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Figure 5.2 Energy Intensity Comparisons, Park-and-Ride
vs. Automobile Modes: 1983, 19%0, and 2000.
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Figure 5-3. Previous Mode to Destination.
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their transit trip was likely lower than their present express transit service from the
park-and-ride lot. Also to be considered for these users is the vehicle-mile-traveled
(VMT) of the car not driven to transit -- estimated in Reference (34) as 40 percent of

the work trip VMT,
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APPENDIX A: SURVEY PROCEDURES

IDENTIFY INFORMATION NEEDS

The cost effectiveness analysis of park-and-ride lots required the accumulation of
information about the lots (size, location, transit service, maintenance, and capital costs)
and about the users of the lots (where, what, when, why, how questions are appropriate).
The information about the lots was rcadily available; however, the information available
pertaining to the park-and-ride users did not reflect non-METRQ Transit use of the
facilities. A goal of this research project was to determine the cost-effectiveness of the
use of park-and-ride lots for all users (all those leaving a vehicle in the lot and changing
mode for the remainder of their trip) including park-and-riders and park-and-poolers.

The task of the research project team was to develop a survey technique and
instrument suited to the information requirements. The original data obtained from the
survey of park-and-ride users would be input to subsections of the cost-effectiveness
analysis; both the comparison of commuting trip costs with and without park-and-ride
lots and comparison of energy consumption with and without park-and-ride lots are
subprojects dependent upon the original data obtained through the survey. The survey
responses provided a window on the use of park-and-ride lots, in terms of lot utilization

arcawide and by individual lots, and in terms of change-of-mode options: transit,

carpool, or vanpool.

TARGET POPULATION

As inferred above, the target population of the survey was the park-and-ride user:
that person who left a vehicle during the day to occupy a stall in the lot, who then made
a change of travel mode for the rest of the trip. Those persons who also changed mode

at the park-and-ride lot but did not leave a motorized vehicle at the lot were excluded



from the survey, as were motorcyclists. The primary lot design criteria involved four-
plus wheeled and motorized vehicles with a currently small area requirement for
pedestrian shelter and loading, kiss-and-ride operation, or bicycle/motorcycle parking.

Thus the survey was focused on those leaving cars, vans, and trucks in the lots.

INFORM NR IR

Members of the park-and-ride project staff developed a list of required and
desired user information in question form. The topics included:

[ | Trip modes used: from origin to park-and-ride lot and vehicle occupancy,
from park-and-ride lot to destination and vehicle occupancy for pool,
alternate mode used (if onc didn’t use park-and-ride lot)

Trip origin and destination (to ncarest street intersection)
Trip purpose
Park-and-ride lot use frequency

Vehicle data make, model, year, ownership

Transit route and run data
B Parking fee at destination for poolers

The questions were designed to provide a composite, yet still anonymous, picture

of the park-and-ride user.

REVIEW AND CHOICE OF SURVEY TYPE

The choice of survey type/method was made by consensus after discussing the
attributes and disadvantages of different survey types. Six basic types of SUrveys were
initially (if only briefly) considered and evalvated. Home interviews were quickly
discarded as being too costly for this study; although they would provide a very good
quality of information, there was no guarantee that those interviewed would have

knowledge or experience of park-and-ride lots. The survey results could be biased by
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time of day, who is home and who isn't, etc., which would complicate any results. Thus,
the home interview techﬁiquc was not acceptable,

A second technique briefly considered was the telephone interview -- it has
similar problems to the home interview, along with an advantage that survey personnel
would not have to travel. Again, the survey response could easily be biased. The target
population consisted of those who left motorized vehicles at the park-and-ride lot, not
just anyone in the phone book.

An onboard transit survey was also considered, but rejected because it would
ignore those park-and-ride users who car- or vanpooled, who were considered to be
important in this study.

The fourth survey type considered was a mail-out survey, to be mailed to
residents living in arcas served by park-and-ride lots. One big problem with this was
that $0 many forms would have to be sent and processed (the returns) in order to
actually survey the park-and-ride user population. This was considered too costly for
the project budget.

By recording the license plate number of each vehicle parked in each lot, the
survey staff could identify (through access to Washington State Department of Licensing
files) owner’s registered address and thus the trip origin. This was the fifth survey type
considered. This would provide a limited amount of information -- not enough for the
study requirements of destination, trip purpose, frequency of use, etc. This technique
was rejected due to lack of informational depth.

It was agreed that a windshicld-placed, mail-back business-reply survey would
adequately provide both information and low cost. The survey form was initially a
composite of questions contributed by the rescarch project team, which was reviewed by

team members and revised according to comments,
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A preliminary draft form was tested using a group of civil engineering students
at The University of Washington in spring quarter, 1983. Their responses were quickly
analyzed for question comprehension and answer clarity. The form was again refined
and revised, with the inclusion of more answer options and more concise questions,

This second draft was then ready to be distributed as a sample survey of park-
and-ride lot users in order to determine an expected return rate. Two groups of 100 cars
were chosen as the sample, each from large park-and-ride lots (Federal Way and
Kingsgate). Areas within the lots were chosen and noted 50 as not to resurvey those
areas during the actual survey. The lots were chosen due to their size and high space
utilization. Survey forms were placed on the vehicle windshields {(under the left wiper
blade, in front of the driver, with the words, "Official Park-and-Ride Survey,” in plain
view) on Thursday, May 19, 1983, two wecks prior to the scheduled full survey.

The sample survey produced a return rate of 29% with a good quality of response,
It was then decided that all lots and all stalls must be surveyed in order to obtain an
overall return of approximately 2,000 responses, since utilization was estimated at about
6,500 stalls used.

The final revision of the survey instrument was made after receipt of
approximately 95% of the sample survey returns. Coding boxes were screencd onto the
survey cards, providing space for answers to the survey questions. Most of the survey
form was self-coding, meaning the respondents, by checking a box or filling in a blank

L

provided the neccessary code for data entry.

RVEY IMPLEMENTATION

The final survey form included 16 questions for the park-and-ride user. The

survey form, both front and back, is shown as Figure 2-1 in Chapter Two of this report.



It was determined that for statistical significance Cor all lots’ response, we would
survey all park-and-ride lot users on the chosen survey date. We thus expected a return
of approximately 30%, giving a sample population of approximately 2,000 surveys.

The desired date of survey was in the last week of May or the first week in June
1983, so scheduled to include responses from those destined to The University of
Washington for work or school. U.W. spring quarter finals were scheduled to being
during the second weck in June, and thus a survey during finals week would have
reflected an unusual situation for U.W. students and staff commuting patterns.

The full/formal survey was scheduled and took place on Thursday, June 2, 1983,
with four groups of three persons each distributing the folded and numerically
sequenced forms in four quadrants of the Seattle area:

North: Northgate, North Scattle, Lynnwood, Shoreline, Kenmore, Bothell

Northeast: South Kirkland, Overlake, Redmond, Kingsgate, Brickyard

Southeast Wilburton, South Bellevue, Newport Hills, Eastgate, Issaquah

South: Olson-Myers, Burien, Kent-Des Moines, Kent, Auburn, Star Lake,

Federal Way, South Renton

On the following day, two lots were added and survey -- N.E. 65th and I-5 (an
interim lot) and the newly opened Mountlake Terrace lot. In total, 6,189 forms were
distributed to automobilcs, trucks, and vans in the 26 lots. (The Overlake park-and-pool
lot, located in the Sears Overlake parking lot, was surveyed by mistake, yet it ended up

being the only pool-only lot surveyed.)

RVEY NDITIONS

The survey forms were distributed on a day with overcast skies. The north and
south quadrants experienced light rainfall during the survey, while the northeast and

southeast quadrants met with only fin¢ mist or dry conditions.
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One lot was affected by construction: this was the interim lot at N.E. 65th and I-
5 which had cight parking stalls blocked off due to maintenance work taking placc
directly above on I-5,

Several lots had vehicles parked around the perimeter, outside the lot boundaries.

These vehicles were not surveyed; only those parked within the boundaries of the were

given survey forms.

SURVEY CODING AND EDITING

The survey responses began arriving at the TRAC office the day following the
survey: Friday. The survey forms received were sorted by lot (using the preprinted
number on each form). Editing and coding were performed for each response by the
TRAC survey staff. The coding and editing consisted of a check for answer consistency
(e.g., if a respondent checked "drive alone" for question 1A, answer to question IB should
be "1"), and for form completeness.

The forms were then individually coded by origin and destination for both census
tract and traffic analysis zone (TAZ). Block map sets showing census tracts were
marked to also shown TAZones so that coders could easily enter origin or destination
number codes once origin or destination was located on the map. This step of the coding
process was very time consuming, requiring a minimum of two passes of cach survey
form as the origins were seldom located on the same map as destinations. Forms with
uncodable origins or destinations were separated for later review.

Upon completion of the visual editing and coding process, the data from each
response card was entered into a computer data file. Keypunching was done by a data-
entry group on campus who fit our work into their workload. Both coding and data
¢nt{ry were more time-consuming than anticipated.

A Fortran program was written to check the data file for errors in data entry,

Logic checks for each question were identified by the project staff which included
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acceptable value ranges of responses, a list of which questions had interdependent
answers, and which fields should be blank and when. This program provided a
consistent editing check for logic errors, response compatibility, and for value ranges.

A series of if..then statements were created and refined to pinpoint error type
and flag those cases (each survey response form represented one case) which had an
error. Qutput was a list of case number, error type, and column location of error, which
provided a straight-forward correction tool.

Error correction was accomplished by editing the text of the raw data case file.
The Fortran check program was again run to check the case file for any omissions.

Those crrors in the case file which resulted from blank fields or uncodable
responses were left in the file. Although those cases were incomplcte or not entirely
consistent, some data might prove to be valuable for future studies.

The source documents (survey responses) are maintained by TRAC. It is hoped

that this survey case file will provide data for additional research into park-and-ride

lots.



APPENDIX B
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1. Introduction

The purpose of this report is to present the results of
a preliminary analysis of the Park-and-Ride Lot User Survey
data. These data were collected on June 2 and 3, 1983, as an
integral part of the project "Cost Effectiveness of Park-and-
Ride Lots" being conducted for the Washington State
Transportation Center at the University of Washington. The
objectives of this study, the role of the survey, and the
survey and survey instrument design are described elsewhere
(see survey Procedures and Implementation Report). This
report focuses on the survey responses.

Data were collected using a prepaid mail-back postcard
Survey of park-and-ride lot patrons at 26 lots in the seat-
tle-Everett Standard Metropolitan Statistical Area. To meet
the overall study objectives, the Survey was designed speci-
fically to gather travel data about park-and-ride lot users,
with one survey form distributed and not more than one
response expected for each vehicle parked in each lot. The
population from which the sample was drawn was therefore
expected to represent owners and/or drivers of vehicles par-
ked in the lots. Because the primary access mode to the
park-and ride lots surveyed was drive-alone auto (see section
3), the sampling population also represents a very large
proportion of all lot users on the survey day, including both
drivers and passengers of vehicles. One qualification,
though, is that because some travelers use park-and-ride lots
more or less frequently than other users, the sample may
exhibit a degree of trip frequency bias. This occurs because
not all respondents have an equal chance of being included in
the survey. Such bias is inevitable in surveys of this type
and can only be corrected after the data have been collected
and initial analyses performed. Further investigation of
this issue is underway and, if found to be significant, will
be reported separately. The results presented in this report
thus represent preliminary but important and basic analyses
of the edited and validated Survey dataset, which are
necessary before more detailed analyses should be
undertaken.

Except for the summary tabulation in the next section,
the results presented in this report are for the aggregated
survey responses from all park-and-ride lots surveyed. More

disaggregate analyses will be performed subsequently as
required.



2. Summary of Survey Responses

Of 6138 survey forms distributed, 2402 were returned
for an overall survey response rate of 39.1 per cent. The 26
surveyed lots also contained 10,306 parking spaces, of which
6252 or 60.7 per cent were occupied. The survey response
rates and lot utilization are summarized for each lot in
Exhibit 1.

The 26 lots have also been distinguished by corridor:
North (lots 1-6), Northwest (lots 7-13), Southeast (lots 1l4-
18) and South (lots 19-26). The corridor response rates, as
a percentage of forms distributed, were:

North 34.1 per cent
Northeast 41.9 per cent
Southeast 43.0 per cent
South 39.0 per cent

Exhibit 1 also summarizes the travel modes used by
survey respondents in traveling from each lot. While the
majority of respondents clearly used transit (83.5 per cent),
significant numbers also used carpool (10.2 per cent} and
vanpool (4.7 per cent) as their egress mode from the lot.

However, these percentages vary considerably from lot to lot,
as Exhibit 1 shows.,

Exhibits 2-~4 present the same summary information more
graphically, for each of the 26 lots surveyed. Exhibit 2
shows the number of parking stallsin each lot and the
utilization and response rate (in terms of percentage of
surveys returned). Exhibit 3 presents the modal split between
transit and carpoool and vanpool for survey respondents at
each lot. Finally, Exhibit 3 shows the modal split for car-
pcol and vanpool, separately, for each lot.
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Exhibit 1
Survey Summary

2 E - MODE FROM LOT
=l
2 &= 8 % ~
= = ~ o~ o e
8 5 ° B 5g
5 58 .5 % Ef £ g g °B
o e ES nzs 52 2 P £ B3
[ T =] B 3 [ Z =xO
a8 d B0 ] i « = BB
5; B EE EF =X E 5 3 Ef
LOT Zw a ao [~ ko »” L] o o mm
26 Lot Total 10306 6138 60.7*%24¢2 39.1 83,5 10.2 4.7 1.1
NORTH._CORRIDOR
l N.E. 65th @ 1-5+ 185 119 64.3 49 41.2 28.6 22.4 44.9 4.1
2 North Seattle 99 12 72.7 30 41.7 90.0 10.0 - =
3 Northgate 515 480 93.2 186 3g.8 94,1 2,2 2.7 1.0
4 Shoreline 378 210 55.6 69 32.9 97.1 2.9 - -
5 Mountlk Terr. (CT)y* 337 62 18.4 32 S51.6 68.8 28,1 3.1 -~
6 Lynnwood (CT) 808 735 91.0 207 28.2 91.8 7.2 1.0 --
N. Corridor TOTAL 2322 1678 72.3 573 34.1 86.4 T.7 5.2 0.7
BQRTREAST CORRIDOR
7 Overlake P. & P. NA NA NA NA NA NA NA NA NaA
8 Redmond 344 213 61.9 101 47.4 83.1 4.0 5.9 1.0
9 Kingsgate 502 326 64.9 122 37.4 7T3.8 16.4 8.0 0.8
10 Brickyard 207 159 76.8 46 28.9 30.4 34.8 34.8 -
11 Bothell 163 125 76.7 57 45.6 89.5 10.5 - ==
12 Kenmore 432 330 76.4 144 43.3 95.8 2.8 ~- 1.4
13 5. Kirkland 603 457 75.8 204 44.4 8B.7 7.4 3.4 0.5
N.E. Corridor TOTAL 2251 161¢ 71,5 674 41.9 83.7 9.6 5.9 0.7
SOUTHEAST CORRIDOR
14 Wilburton 19¢ 121 63.7 47 38.8 12.8 72.3 12.8 2.1
15 5. Bellevue 362 46 12.7 18 39,1 66.7 22,2 11.1 --
16 Newport Hills 284 60 21.1 28 46.7 67.9 32.1 -— ==
17 Eastgate 626 342 54.6 163 47.7 86.5 8.2 2.5 1.8
18 Issaquah 358 243 67.9 93 138.3 80.6 11.8 7.5 --
5.E. Corridor TOTAL 1820 Bl2 44.6 345 43.0 72.5 20.9 5.4 1.1
SOUTHE CORRIDOR
19 Olsen-Meyers 562 91 16.2 44 48.4 93,2 4.5 2.3
20 Burien 362 362 211 58,3 90 42.7 87.8 8.9 3.3
21 south Renton 370 231 62.4 81 35.1 81.5 11.1 6.2 1.2
22 Kent 729 298 40.9 125 41.9 94.4 4.0 1.6
23 Kent-Des Moines 235 163 69.4 75 46.0 90.7 6.7 1.3 1.3
24 star Lake 499 177 35,5 74 41.8 62.2 24.3 12.2 1.3
25 Federal way 789 651 97.0%*%232 135 ¢ 93.5 3.0 0.9 2.6
26 Auburn 367 216 58.9 74 4.3 79.7 12.2 5.4 2.7
5. Corridor TOTAL ] 3913 2038 52.1 795 39,0 87.3 7.9 3.0 1.8

*These lots were surveyed on June 3, 1983, They are recently in
service, .

**Percentage incorporates 114 cars within Federal Way Park-and-Ride Lot
Pretest area which was not included in the final survey.
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3. Access and Egress Modes

For the sake of convenience, the mode of travel used by
respondents in traveling to the park-and-ride lot is here
referred to as the access mode. The mode of travel from the
lot, and to the destination, is called the egress mode.

Exhibit 5 summarizes the access mode distribution.
Clearly, the primary access mode to the lot was drive-alone
automobile, with some 92.7 per cent of respondents choosing
that mode. Exhibit 6 presents the occupancy distribution for

respondent vehicles accessing the lot. The average oc¢cupancy
was 1.081.

The egress mode distribution for travel from the lot is
shown in Exhibit 7. Asg mentioned earlier, transit was

carpool (10.0 per cent) and vanpool (4.8 per cent) comprise a
significant share. The egress mode occupancy distribution is
shownin Exhibit 8., The average occupancy of vehicles (other
than transit) traveling from the lots is 5.268 persons.

Exhibit 9 presents a cross tabulation of access mode by
egress mode. Of those who drove alone to the park-and-ride
lot, 85.1 per cent took transit to their destination, 9.9 per
cent carpooled and 4.5 per cent met a vanpool. Those who
carpooled to the park-and-ride lot primarily changed mode and
rode transit (80.3 per cent),
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Exhibit 5
Travel Mode to Park—-and-Ride Lot

Mode Count 3

Drove Alone 2225 92.7
Carpool 173 7.2
Other 3 0.1

DROVE ALONE
2225

92.7% CARPOOL
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Exhibit 6

‘Occupancy Distribution of Vehicles
Used to Park and Ride Lots

Occupancy Count %
1 2227 92.8
2 158 6.6
3 11 0.5
4 5 0.2

QCCYTO=2
158
6.6%

%CCYTO=3

Q.5%
OCCYTO=4
' 5

| —
0.2%




Exhibit 7

Travel Mode from Park-~and-Ride Lot

Mode Count 3

Transit 2033 84.7
Carpool 241 10.0
Vanpool 116 4.8
Other 9 0.4

CARPOOL
341
»~ 10.0%
TRANS!T VANPOOL
2033 16
84.7% / 4.8%
OTHER
2rr{e— 9
0.4%
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Exhibit 8

Occupancy Distribution of Autos and Vans
Used from Park-and-Ride Lots
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Exhibit 9

Travel Mode to Park-and-Ride Lot

by
Mode from Park-and-Ride Lot

Egress Mode

|

|

:
A Drove Alone | 1892, 222, 101, 9.
c | 85.1 9.9 4.5 0.4
c | 93.1 91.3 87.1 100.0
e |
s Carpool | 139, 21, 13, 0.
s ; 80.3 12.1 7.5 0.

| 6.8 8.7 11.2 0.
M |
o Other | 1. 0. 2. 0.
d | 33.3 0. 66.7 0.
e | 0. 0. 1.7 0.
KEY
Count

Row Percentage
Column Percentage
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4. Previous Modes of Travel

A respondent's mode of travel used Prior to the use or
existence of the park-and-ride lot is necessary in analyzing
trip costs both with the pPark-and-ride lot network and
without it., In approximately 2 per cent of the cases,
respondents noted two previous modes used. The frequency
distribution of previous modes is presented in Exhibit 10,
The largest group previously drove alone to their destination
(33.9 per cent), with an additional 19.7 per cent driving to
transit (e.g. travelled to another park-and-ride facility),
A total of 13.5 per cent of the respondents previously either
carpooled or vanpooled to their destinations. A more de-
tailed look at the pPrevious mode of travel can be obtained
from Exhibits 11 and 12, which display the cross tabulations
of present egress mode by the previous mode, and present
access mode by the previous mode.
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Exhibit 10
Mode Before Using Park-and-Ride Lot
Exhibit 10

Mode before Using
Park and Ride Lot

NUMBER OF VEHICLES

0 . ' : GEEEPB 4
\\ (A L \ P R’
WA G Ak OAW%%\%JE MORPOLRRPOTR 0 TRF e
OR

Mode l Count %
|

Walked to Transit | 336. 14,0
Drove to Transit | 471. 19.7
Drove Alone | 813, 33.9
Vanpool | 23, 1.0
Carpool ! 300, 12.5
Didn't Make Trip ! 423, 17.7
Other | 30. 1.3

1,000

800

600

400

200 -

MODE
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Exhibit 11

Egress Mode Used from Park-and-Ride Lot
by

Previous Mode Used

l Previous Mode

!

|IWalked Drove Didn't
Ito to Drove Van- Car- Make
ITransit Transit Blone Pool Pool Trip Qther
I
Transit|] 320. 429, 667, 14, 175. 394, 27.
M i 15.8 21.2 32.9 0.7 8,6 19.4 1.2
o | 95.5 91.1 82.1 60.9 58.3 93.4 90.0
d |
e Carpool| 11. 24, 95. 0. 92, 18. 2.
| 4.8 10.0 39.4 0. 38.2 7.5 0.8
f | 3.3 5.1 11.7 0. 30.7 4.3 6.7
r J
(o] Vanpool | 4, ls. 49, 9. 32. 5. 1.
m | 3.4 13.8 42,2 7.8 27.6 4.3 0.9
| 1.2 3.4 6.0 39.1 10.7 1.2 3.3
L I
o Other | 0. 2. 1. 0. 1. 5. 0.
t | 0. 22.2 11.1 0. 11,1 55.6 0.
| 0. 0.4 0.1 0. 0.3 1.2 0.
KEY
Count

Row Percentage
Column Percentage
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Exhibit 12

Access Mode to Park and Ride Lot
by

Previous Mode Used

| Previous Mode

|

IWalked Drove Didn't
| to to Drove Van- Car- Make

ITrangiL_ILgnﬁi;_Algng_ Pcol Pool TPrip Other
|

A Transit| 306. 440, 778. 23. 254, 395, 24.

c { 13.8 19.8 35.1 1.0 11.4 17.8 1.1

c | 91.1 93.6 95.7 100.0 84.7 93.4 80.0

e |

s Carpool| 30. 29. 34, 0. 46. 27, 6.

S | 17.4 16.9 19.8 0. 26,7 15.7 3.5
| 8.9 6.2 4.2 0. 15.3 6.4 20,0

M |

o Cther | 0. 1, 1. 0. 0. 1. 0.

d | 0. 33.3 33.3 0. 0. 33.3 0.

e | 0. 2 .1 0. 0. .2 0.

KEY

Count

Row Percentage
Column Percentage
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5. TIrip Purposes

The primary trip purpose of the respondents, as
expected, is work, at 94.6 per cent of cases, while 3.7 per
cent were for school, 0.4 per cent for shopping and 1.3 per
cent for other or miscellaneous purposes. Exhibit 13 shows
the trip purpose frequency distribution.

Exhibit 14 is a cross tabulation of access mode by trip
purpose, showing that the primary trip purpose was work for
all access modes.

Exhibit 15 illustrates the distribution of trip pur-
poses by egress trip modes. The primary trip purpose for all
modes was work. Transit provided 84.6 per cent of the work
trips, while carpooling provided 10.0 per cent and vanpooling
5.2 per cent of the work trips. Transit also provided the
major share of school trips (91.0 per cent). Although the
number of shopping trips is small (10), 30 per cent of those
trips were carpooled, with the remaining 70 per cent provided
by transit.



Exhibit 13

Trip Purpose

Name | Count 3

!
Work | 2270. 94.6
School | 89, 3.7
Shopping | 10. 0.4
Other | 30, 1.3
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Exhibit 14

Mode to Park-and-Ride Lot
by

Trip Purpose

Purpose

Work School Shopping Qther

!
!
]
|
A Drove Alone | 2111. 77. 9. 25,
C | 95.0 3.5 0.4 1.1
C ; 93.0 87.5 90.0 B3.3
e
s Carpool | 157. 10. 1. 5.
] | 50.8 5.8 0.6 2.9
} 6.9 11.4 10.0 16.7
M
0 Other | 2. 1. 0. 0.
d | 66.7 33.3 c. 0.
e | 0.1 1.1 0. 0.
KEY
Count

Row Percentage
Column Percentage
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Exhibit 15

Mode from Park—-and-Ride Lot

by
Trip Purpose

| Purpose
|
| Work School Shoppring Other
i
Transit | 1917. 81. 7. 26,
| S54.4 4.0 0.3 1.3
E | 84.6 91.0 70.0 86.7
g |
r Carpool | 226. 7. 3. 4,
e ] 94,2 2.9 1.2 1.7
s | 10.0 7.9 30.0 13.3
5 I
Vanpool | 116, 0. 0. 0.
M | 100.0 0. 0. 0.
o) [ 5.1 0. 0. 0.
d |
e Other | 8. 1. 0. 0.
| 88.9 11.1 0. 0.
| 0.4 1.1 0. 0.

Key

Count
Row Percentage
Column Percentage
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6. Travel Times

The average travel time was computed to be 47.9 minutes
for all modes and all respondents (2402), with a standard
deviation of 20.3 minutes. By mode, average travel times
varied from 39.5 minutes for the carpool trip (Std. Dev. =
19.5 minutes) to 49.2 minues for the transit trip (Std. Dev,
= 20.2 minutes), as presented in Exhibit 16.
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Exhibit 16

Mean Total Reported Travel Time (Minutes)
by Mode, from Origin

TIME

| Standard
| Mean Time = Deviation
I
Transit i 49,2 20.2
M |
o Carpool | 39.5 19.5
d [
e Vanpool | 45.6 18.0
|
All | 47.9 20.3
55+
50
45
40
35

TRANSIT CARPQOL VANPOOL ALL
MODE
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7. Irip Frequency

Exhibit 17 illustrates the weekly use of the park-and-
ride lots in four categories: five times per week (74.9 per
cent), four times per week (l14.4 per cent), two or three
times per week (7.1 per cent) and one or less (3.5 per cent).
This distribution of weekly use may have some effect on the
expandability of the sample to the whole park-and-ride popu-
lation. Therefore, as previously noted, the sample will be
investigated as to its degree of trip frequency bias.

A cross tabulation of frequency of lot use vs egress
mode is presented in Exhibit 18, This shows that 62.5 per
cent of the sample population use transit five times per
week, and of those who use the park-and-ride lot five times
per week, 83.9 per cent ride transit to their destination.
74.3 per cent of the transit riders of the sample use the
park-and-ride lot daily. For those respondents who vanpool,
84.5 per cent use the park-and-ride lots daily compared with
76.3 per cent of the carpoolers,
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Exhibit 17

Frequency of Lot Use
(Times per Week)

Freguency | _Count 3

i
Five { 1797. 74.9
Four |  34s6. 14.4
Two or Three | 171. 7.1
One or Less | 84, 3.5
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Exhibit 18

Frequency of Lot Use
by
Mode from Lot

Mode from Lot

|
|Transit Carpool Vanpool Other
W I
e Five | 1506. 184. 98, 6.
e | 83.9 10.3 5.5 0.3
k | 74.3 76.3 84.5 66.7
1 |
y Four | 299, 29. 17. 1.
' | 86.4 8.4 4.9 0.3
F | 14.7 12.0 14.7 11.1
r |
e¢ Two or Three | 151. 18, 1. 1.
q | 88.3 10.5 0.6 0.6
u | 7.4 7.5 0.9 11.1
e |
n One or Less | 73. 10, 0. 1.
c | 86.9 11.9 0. 1,2
Y | 3.6 4.1 0. 11.1
Kev
Count

Row Percentage
Column Percentage
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8. Vehicle Ownership

Vehicle ownership per household for survey respondents
is presented in Exhibit 19. Over 75 per cent of respondents
have at least two vehicles in their household. A cross-
tabulation of egress modes by vehicle ownership (Exhibit 20)
illustrates similar distributions of vehicle ownership for
all modes of egress from the Park-and-Ride lots. Exhibit 20
displays histograms of vehicle ownership for each of the
three identified egress modes. The average vehicle ownership
is highest for those respondents who carpooled from the Park-
and-Ride lots (2.30 vehicles per household), and lowest for
those who used transit (2.09 vehicles per household).

A second cross-tabulation, in Exhibit 21, of access
mode by vehicle ownership shows that 76.7 per cent of those
respondents who drove alone to the Park-and-Ride lots own two
or more vehicles, and 70.9 per cent of those who carpooled to
the lots. The average vehicle ownership for those who drove
alone to the Park-and-Ride lot is 2.13 vehicles per
household, and 2.02 vehicles per household for those who
carpooled to the lots.
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Exhibit 19

Vehicle Ownership

Licensed Vehicles

_nﬂma_ehgm_Jl.Nquﬂ___zﬂ_c_em_ag_e

One | 563 23.7
Two : 1158 48.8
Three : 462 19.5
Four or More} 192 8.1
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Exhibit 20

Mode from Park-and-Ride Lot

by

Vehicle Ownership

Vehicles per Household

Lo =

S 0mm

+ o

NUMBER OF VEHICLES

I
|
| One Two  Three = Four or More
|
Transit | 498. 986, 371. 155.
| 24.8 49.1 18.5 7.7
| 88.6 85.2 80.5 80.7
|
Carpool | 40. 113, 58. 26,
| 16.9 47.7 24.5 11.0
I 7.1 9.8 12.6 13.5
|
Vanpool | 22. 53. 30. 11.
| 19.0 45.7 25.9 9.5
| 3.9 4.6 6.5 5.7
|
Other ! 2. 5. 2. 0.
] 22.2 55.6 22.2 0.
! 0.4 0.4 0.4 0.
1,500
: Key
Count
Row Percentage
Column Percentage
1,000
MODE
B TRANSIT
(Z4 CARPQOOL
VANPOQOL
500
?/
0 % /]
ONE

= T T;
TWO %agg OR MORE

VEHICLE OWNERSHIP
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Exhibit 21

Mode to Park—-and-Ride Lot
by

Vehicle Ownership

Vehicles per Household

|
|
| One Iwo  Three  Four or More
]
M Drove | 513. 1072, 436, 178.
o Alone | 23.3 48.8 19.8 8.1
d i 91.1 92.7 94.4 92,7
e |
Carpool | 50, 82. 26. 14,
t | 29.1 47.7 15.1 8.1
o} | 8.9 7.1 5.6 7.3
|
L  Other 1 0. 3. 0. 0.
o } 0. 100.0 0. 0.
t I 0. 6.3 0. 0.
Key
1,500 - Count
Row Percentage
Column Percentage
N
ld
—J
% 1,000
] MODE
~> £%3 DROVE ALONE
L #Z) CARPOQL
o OTHER
A
L
@ 5004
=
)
pd
0 74

AN e R
VEHICLE OWNERSHIP
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9. Parking Fees

Parking fee information was gathered from those respon-
dents who either carpooled or vanpooled from the Park-and-
Ride lot to their destination. Thus the sample size would be,
at most, 357 responses. Of these, only 135 provided parking
fee data. Exhibit 22 presents the average parking fees by
egress mode. It appears that vanpools may receive a larger
parking subsidy, although without further information regard-
ing trip destinations, conclusions cannot as yet be drawn.
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Exhibit 22

Average Parking Fee

by
Mode from Park~and-Ride Lot

Pay Structure

Daily Neeklvw Monthlv

!
[
| # Respondents

M | |

0 Carpool| $0.70 Not Available $24.16 | 107

d | |

e Vanpool] $0.14 Not Available $10.83 | 38
| I

# Respond. | 82 —— 53 | 135

*For entire sample (includes areas other than CBD)



10. V¥Vehicle Characteristics

The survey responses provide information about the
vehicles used for access to and egress from the Park-and-Ride
lots. This includes the make, model, year, transmission type,
and number of cylinders for each vehicle.

The vehicles used by respondents to access the Park-
and-Ride lots are almost evenly split between automatic
(56.3%) and manual (43.7%) transmission. (Exhibit 23). The
access vehicles primarily have four cylinders (47.7%), with
six and eight cylinder vehicles comprising the rest of the
group (22.7% and 29.5%, respectively) (Exhibit 24). The
egress vehicles, in contrast, consist of 46.4 per cent with
eight cylinders and 53.6 per cent with six or fewer cylin-
ders. An average of 5.65 cylinders per access vehicle was
determined from the survey responses, with an average of 6,18
cylinders per vehicle for the egress vehicles. The
difference between access and egress vehicles is reflected in
the average access and egress occupancies of 1.081 and 5.268
persons per vehicle, respectively.

Access and egress vehicles have been classified
according to age groups for Exhibits 25 and 26. For all
access vehicles, 69.4 per cent are over five years old,
whereas for all egress vehicles (ignoring transit vehicles),
only 39.6 per cent are older than five years. Vehicle age
information is provided also by access and egress mode.
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Exhibit 23

Transmission Type for Access and Egress Vehicles

Yehicle
o | Access to | Egress from
| I
Automatic | 56.3% i 67.3%
| |
Manual ] 43,73 | 32.7%
| |
Sample Size | 2328 [ 330
MANUAL
43.7¢
AUTOMATIC
67.3%

Transmission Type of

Transmission Type of
Park-and-Ride Access Vehicles

Park-and-Ride Egress Vehicles
{excluding Transit)



Exhibit 24

Number of Cylinders for Access and Egress Vehicles

Vehicle
# Cylinders/ | Access to | Egress from
VYehicle | Park-and-Ride | Park-and-Ride
| |
4 | 47.7 | 37.3
5 | 0.1 | -
6 | 22.7 } 16.3
8 ! 29.5 | 46.4
I I
Sample Size | 2241 ] 306
FIVE
0.1%
Number of Cylinders in Number ot Cylinders in
Access Vehicle Engines Egress Vehicle Engines

(excluding Transit)
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Exhibit 25

Age Distribution of Access Vehicles

| All | sov I HOV

Age |Access Vehiclel(Drove Alone)}|(Carpool Vanpool)
I I I

0-5 years | | !

(1979-1983) | 30.6% ’I 30.0% | 36.1%
I |

6-10 years ! ! [

(1974-1978) I 36.9% I 31.8% f 42.4%
] |

11-15 years | | I

(1969-1973) | 22.7% | 23.1% | 18.0%
; ! |

16-20 years | | I

(1964-1968) ! 8.3% I 8.8% f 2.3%
| | |

Over 20 years | ! |

{l1963-earlier) | 1,5% I 6.3% | 1.2%
| | I

Sample Size | 2333 | 2161 I 172



Exhibit 26

Age Distribution of Egress Vehicles
(Except Transit Vehicles)

I All I i
Age |Baress Vehiclel  Carpool | Yanpool
| I f
0-5 years | : { [
(1979-1983) | 60.4% | 46 .5% | 89.5%
| | |
6-10 years | | !
(1974-1978) | 24.1% ; 32.0% | 7.4%
! | |
11-15 years I | |
(1969-1973) | 12.6% I 17.0% | 3.1%
| | I
16-20 years I | |
(1964-1968) [ 2.6% | 3.5% | -~
| | |
Over 20 years | I |
= ier) | 0.3% | 1.0% ] -
| I I
Sample Size | 295 | 200 | 95
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11. Concluding Comments

This report has presented a preliminary analysis of the
Park-~and-Ride Lot User Survey. The data set was edited and
validated prior to analysis. The resilts presented in this
reportare primarily for the aggregated survey responses from
all Park-and-Ride lots surveyed, although a summary of

responses both by lot and by corridor was reported in Exhibit
1.

On-going work involves stratification of the data set
to the level of individual lots, as well as by selected
travel corridors, as part of the overall evaluation of the
cost-effectiveness of Park-and-Ride lots in Seattle. Further
investigation is also being undertaken of the effects, if
any, of trip frequency bias in the data. The results of
these investigations will be reported separately.
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APPENDIX C
FORTRAN CODING FOR TRIP COST MODEL
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FORTRAN CODING FOR TRIP COST MODEL

TRIP is a fortran program for analyzing commuter trip costs
both with and without the Park 5 Ride Lot

There are three inputs to the model ;
1. LOTDATA -- informaticn related to each of the p&r lot.
2. PNRDATA -- original survey data,
3. VARY ~---- contain variables vhose value can be changed.

TRIP provides two ways to simulate different situations :
l. by changing variable values in the file VARY,
2. by prompting you for different view points.

Thera are two output files genarated by TRIP :
1. PNROUT -~ containg ugseful information and intermediate
calculations for each survey case.
2. COST ANALYSIS TABLEs.

All the variables used in the model are documanted in a seperate
dictiocnary,

pProgram trip

real milel,nilez,lymn,lotcost,lhov,lr,lua,lc,ld

integer prnum,pmd,ntpr,mfpr,vntp,v.yr,cvetp,cveyr,oct,otaz,dtaz
integer codel,code2,codel, coded, prerg

character city(14)*1s

character title(4)*17

character titlil(s)*20

character titl2(3)*20

character titla(2)*20

character titl4+20

character comment#100

character mssgel(a)tla,mssgez(2)*25,mssge3(2)*25,mssge4(3)*51
dimension pre(l4,5), after(14,4),total(14,2)

dimension premil(14,5),aftmil(14,4),totmil(14,2)

dimension kasep(l4,5),kasea(14,4),kauet(14,2) .
dimension pbreak(5,14,14),abreak(3,14,14),tbraak(2,14,14)
dimension utauto(l4),stall(14)

dimension rmtor(s),rmtol(s),rmtod(&),rgr(s),rgl(s),rqd(s)

first dimension 1-6 8-12 correspond to tha 1l park and ride lots
7 and 13 corraspond to the north and southeast corridors
14 corresponds to the taotal 'in-depth' study area

common /sub/ lr,lus,lc,ld,vatp,pmd,avginc,lhtp,att,runtime,wait,
ualkl,mfpr,aocc,plrs,plrn,prmile,lotcost,autos,stalls
,cvetp,prbmin,rvmn,1ymn,ddmn,brvmn,bphr,optpl,
p,optpz,busll,busl4,busls,buszo.p1c,lhov,plus,busocc,
otaz, prnum
common /various/codel,codez,codc:,coda4,pc1c1,pclc3,pc1usl,pc1uss,
pclus4,scl,scs,suul,susa,susé,pchov,spll,tv,tw,rpcr

++ 4+ +

+



common /autocom/ rntur,rltol,rutod,rgr,rgl,rgd,pgr,pmtor,

+ sr,sd,rpcd, rar,ral, rad

data utauto,stall/28*0,/

data pbreak,ubreak,tbr-akjsaoto.,58!*0.,392'0./

data pre,aftcr,total/?Oi0.0,56*0.0,2!*0.:/

data premil,aftmil,totmil/70%0.0,56%0.0,28+0.0/

data knsnp,kasea,kaaat/70*0,56*0,28*0/

data title/' pPrevious Mode',' Park & Ride ', 'Combined Average',
+ 'Comparision Ratio'y

data titll/'Walk to Transit', 'Drive to Transit',? Drive Alone’,
+ ' Vanpool',! Carpocl'/

data titl2/'Transit from P&R Lot', 'Carpool from P&R Lot!,
+ 'Vanpool from PR Lot'/

data titl3l/'Previocus Mode', 'Park & Ride'/

data titl4/'- pad/per ~'/

data mssgel/'TOTAL Perspective', 'AGENCY Perspective',
+ 'USER Parspactive!'/

data mssge2/‘time coats included’',’'time costs not included‘/
data mssgel/'public costs included’, 'public costa not included'/
data mssged/'cost of p&r lot parking based on actual utilization:®,
+ ‘cost of pér leot parking based on 100% utilization®,
+ 'cost of pkr lot parking fres to user'/

data city/'Gresn Lake', 'North Seattla', 'Northgate’',
+'5horaline', '"Mt.Lake Terrace', 'Lynnwood', 'N. Corridor',
+'Wilburton','S. Bsllevue', 'Newport Hills', 'Eastgate’,
+'Issaquah’,'S.E. Corridor', 'Total study area'/
opan(3,file='vary')

open(4,file='lotdata’)

open(5,file='pnrdata’)

open(6,file='pnrout',status=‘'new')

read(3,9) pclcl,pclc3,pclull,pclula,pclust,lcl,-cz,susl,susa,suaA
+ ypchov,spll

forllt(/StS.J,Stl.l,15.3,t4.1)

read{3,7) (rntor(i),i-l,s),(tntod(j),j-l,s),(rntol(k),k-l,s},
+(rgr(1),1-1,6),(rgl(:),n-l,&),(rgd(n),n-I,S),tv,tw,pgr,pntor,
+rar,ral,rad,sr,sd, rpcr, rpcd

format (10x,12£5.3/10x, 12£5.3/10%x,122£5.3/10x%x,2£3. 1/10x,2£5.2/
+10x,3£6.4/10x,2£4.1,216.4)

write(w,K3)

format(lx, ‘pleaase enter a comment to explain your auto cost')
read(*,4) comment

format(alioo)

write(+,101)

format(lx, 'snter mode, 1 for single choice,2 for multiple choice')
read(*,102) mode

format(il)

if(mode.eq.1) then

write(»,99)

format(lx, 'enter codel === perspective'/11x, 'l = total costs'/11x,
+'2 = agency cost, this implies time cost will not be included'/
+11X%,'3 = user cost, implies codel=2 and coded=3'}

read(#,102) ill

write(*,105)



105 format (1lx, 'enter code2 --- time coat included?'/llx,'l1 = yes'/
+11lx,'2 = no')

c read(%,102) i21

c write(*,61086)

106 format(1lx, 'enter codeld --- public cost included?'/11x,'l = yes'/
+11x,'2 = no')

c read(*,102) i3l
[ writa(*,107)
107 format(1x, 'enter coded --- cost of p&r lot parking'/llx,

+'1 = based on utilization'/11x,'2 = based on number of spaces'/
+11x,'3 = no cost, when looking at user costs')
read(*,102) 141
i12=i11
incri=1
i22=i21
iner2=1
i32=131
incri=]l
142=141
inera=),
elseif (mode.eqg.2) then
write(#*,99)
write(#*,108)
108 format(/1x, 'note : plezse enter your salaection(s} in ascanding °*
+, 'order seperating by 1 column')
read(w,109) il1,1i12,inerl
109 format(il, lx,11,1x,11)
if(i12.eq.0) then
ilz=111
incri=1
elseif (ilz.ne.0.and.incrl.eq.0) then
incri=il2-i11
elseif(incrl.eq.3) then
112=3
incri=}l
endif
write(*,105)
read(+,6109) i21,i22
incr2=1
if(i22.eq.0) i22=i21
writa(*,106)
read(*,109) 131,132
incrisl
if(i32.aq.0) i32=i31
write(*,107)
read(»,109) 141,i42,1incrg
if(id2.aeq.0) then
i42=i41
incri=l
elseif (id42.ne.0.and.incr4.eq.0) then
incra=jiq42-i41
elself(incrd.eq.3) then
142=3

anononaaao0a00a
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43

47

16
c

incra=1
andif
endig
write(*,6)

format(1x, 'do you need SUMMARY REPORT TABLE 2/
+11x,'l = yes'/1lx,'2 = no')

read(*,102) iockl
write(+,43)

format(lx,'do you need ALL COST COMPONENT TABLE Yy
+11x,'l = yes'/11x,'2 = no'}

read(*,102) iock2
write(*, 47}

format(1lx,'do you nesd COST COMPONENT SUMMARY Y/
+11x,'1l = yes'/1l1lx,'2 = no')

read(#,102) lockl
write(*,16)

format(lx, 'pleass wait, I am working for you')

€ uss a four level do loop to process all the combinations of view
< points. 'save' is used to meet the code default.

do 1100 icodel=ill,il2,inecrl

c

naaaaon

codel=icodel

if(icodel.ag.2) then

isavi=i21l
im22=i22
i22m2
121=2
endif

do 1200 icode2=i21,{22,incr2

code2=icode2

if{icodel.eq.3) then

isave=ii]l

is32=432

132m2

i31=2
endif

do 1300 icodei=ill, 132,iner)

code3=icodel

if(icodel.eq.3) then

isavai=ji4l

isd42=442

142=3

141=3
endir

do 1400 icode4=i41,142,incr4

coded=icoded

both lotdata and pnrdata are sorted by lot number(ltnum in lotdata,
prnuk in pnrdata). because of scrted sequance, we can use the
mastar file transaction file updating® logic to process the data.

open{4,file='lotdata’)

c-4



c open(5,file='pnrdata’')
iutil=]
read(4,1)ltnun,prmile,prbnin,busoce, rvan, lynn, ddmn, rvml, brvan,
+ bphr,bpml, optpl,optp2,busli, busld4,buslé,bus20,lotcost,
+ autos,stalls,lhov,plus,plc

1l format{i2,f4.1,£2.0,£4.1,£3.0,1£2.0,£3.0,£5.2,£3.0,£5.2,7£3.0,
+ £7.2,2£4.0,£3.1,£4.1,£3.1)
c
c array utauto and stall between here and statement 15 are used
c to record the capacity and utilization of each par lot.
c
utauto(iutil)=autos
stall(iutil)=stalls
utauto(7)=autos
stall (7)=stalls
utauto{l4) =autos
stall(l4)=stalls
read(5,2) id, prnum,otaz,dtaz,mtpr,nfpr,pnd, accc, prfrq, coce, cppk,
+ . ptes,vatp,veyr,cvetp,cveyr,oct,avgine, 1r, lus, 1c, 1d,
+ lhtp,plrn,plrs,att, ttt,p, runtine, walkl,wait
2 format(1i4,12,213,341,f2,0,11,£2.0,¢4.0,21.0,41,i2,11,12,
+ i5,£5.0,2£4.1,223.1,11,2£4.1,2£2.0,£5.2,372.0)
goto 15
c
€ read and process onae record each time
c
10 read(s,z,end-lOO)id,prnum,otaz,dtaz,mtpr,mfpr,pnd,aocc,prrrq,
+ cocc, cppk,ptes, vetp, veyr, cvetp, cveyr,oct ,avgine,1r, lus,
+ lc,1d,1htp, »lrn,plrs,att, ttt,p, runtime, wvalkl,wait
if (mfpr.eq.4) goto 10
if (ltnum.eq.prnum) goto 15
read(4,1)ltnun,prmile,prbmin,husocc,rvmn,lymn,ddnn,rvml,brvmn,
+ bphr,bpml,optpl,optpz,busll,busl4,busls,buszo,lotcost,
+ autos,stalls,lhov,plus,plc
iutil=iutil+l
utauto(iutil)=autcs
stall(iutil)=stalls
if{iutil.le.6) then
utauto(7)=utauto!{7)+autos
stall(7)=stall(7)+stalls
alse
utauto(l3)=utauto({li3d}+autos
stall(l3)=stall(13)+atalls
endif ,
if(iutil.eq.6) futil=iutil+l
utauto(l4)=utauto(id)+autos
stall(l4)=s5tall(14)+stalls
c

¢ modify prnum to make it correspond to the correct row number
c and set corridor indsx
c

15 icor=7
if (prnum.gt.§) then
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icor=1l3
PrNuUm=prnum-6
endif
c
¢ call subroutines by pad to calculate pravious trip cost then
C transfer control to statemant 50
c
goto (40,30,20,20,20),pnd
20 call auto(costl,nilel,tinol,tiuoz,tino,publ,pubz,puh,autol,autoz,
+ auto:,pauto,p;rk,buu,pcout,*50)
c

€ 'kode' in the prbus argqunent allows the sharing of the subroutine
¢ by both previcus and P&r mode.
c

30 kode=pad
call prbus(coltl,uilcl,kod.,plr,tinol,tilcz,tino,puhl,pubz,pub,

+ nutol,autoz,autoa,pauto,park,hus,pcost,*50)
40 call walkbul(co-tl,nilol,timel,timcz,tinu,publ,pubz,pub,autol,
+ autoz,auto3,pauto,park,bul,pcost,*50)

c

€ <all subroutine by mfpr to calculate 'after' cost then transfer to %o

]

50 goto (70,60,60),lfpr

60 call prauto(coatz,nilo:,plr,atinll,atincz,atine,apubl,apuhz,apub,
+ aautol,aautoz,aautoJ,aauto,apark,ahus,aeont,*90}

70 kode=mfpr

call prbus(costz,niluz,kodc,plr,atinnl,atimez,atim-,apubl.apubz,
+ apub,aautol,lautoz,aauto3,aauto,apark,ahul,acost,*90)

c

© back from cost calculation subroutine --- begin to update the

¢ Cost array and mil: array

c

90 prc(prnum,pmd)-prn(prnun,pnd)+cost1
pre(icor,pmd)-pro(icor,pud)+cost1
attor(prnun,mfpr)-after(prnum,ntpr)+cost2
attcr(icor,mtpr}-lttnr(icor,mtpr)+cost2
kalcp(prnum,pmd)-kasep(prnun,pmd)+1
kas.p(icor,pmd)-kasep(icor,pmd)+1
kan-a(prnum,mrpr)-kasen(prnum,nrpr)+1
knlca(icor,mfpr)-kas-a(icor,nfpr)+l
prnuil(prnum,pmd)-pranil(prnum,pmd)+milel
prclil(icor,pmd)-premil(icor,pnd)+nilel
a!tlil(prnum,mfpr)-aftnil(prnun,mrpr)+nilez
attlil(icor,mtpr)-aftmil(icor,mtpr)+miloz
v=avginc/ (2085.0%tv)
vw=avgine/ {2085 0%tw)
painl=timel*so./v
Puin2=timez*60. /vw
pmin=pminl+pming
aminl=atimel#60./v
amin2e=atime2+60, /vw
amin=aminl+aming?
pbrolk(pnd,prnun,l)-pbraak(pmd,prnum,1)+time1
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pbreak (pmd
Pbrenk (DRd, prmum, 1) ~pbreck oad, bemen, 3] 1t ine”
pbreak(pnd,prnun:4)-pbreak( d' : b1
pbreak(pnd,prnun,s)-pbraak(p:d'Prnun'4)+publ
pbreak(pnd,prnun,e)-pbreak(p D Enim &) b
pbreak (pmd, prnum 7)-pbreak(P=g'prnu"6)+Puh
pbreak(pnd,prnun:a)-pbrcak(gnd'prnun'7)+aUt°1
pbreak(pmd, prnum, 9) =pbreak( md,prnun,s)+auto2
pbraak(pmd,prnun'10)-phreakp aprnun,9)+aut03
pbreak (pmd, prnum, 11) =pbreak §p:a P enum’ 11)imark
pbreak(pmd,prnum:12)-pbreak Drd’ Brnun’ 12)oas
Ly it e = (pmd, prnum, 12} +hus
pbroakggmd:grnum'i:;-ggizzi(pnd'prnun'13)+p003t
pgrcak(pmd,icor,i)-pbraak(pégigég:ngT;ti)+€min
pbreak(prd, icor, 2)sphreak( nd'i , ne
pbraak(pmd,icor,a)-pbraak(pmd'icor'2)+tim'2
pbreak(pmd,icor,&)-pbreak(p d,icor,3)+tim¢
pbraak(pnd,icor,5)-pbraak(pmd'icor'”“'publ
pbreak{pmd, icor, 6) =pbreak p:d' o o) ibu
pbreak(pnd,icor,?)-pbreakgp d,icor,6)+pub
pbreak(pmd, icor,8)=pbreak p:d,icor,7)+autol
pbreak(pmd, icor 9)-pbreak(p ricor.8) yaute:
P eakiima’ oo ' 3 {(pnd, icor, 9)+auto3
Doreak (pnd, Lcor. 11) -obreak oad. toos! 1) +oaure
pbreak(pnd,icor:12)-pbraak . . Novi
D renl b i = (ped, icor,12)+bus
Dbreak (pmd . Loor, 14) ~obreax bad, toar. 14} 1hcsat
abreak (mfpr, prn = ‘ “ 1) +at
ahreakgmtgr:grnﬁz,gg-:gieai(mtpr,prnum,l)+atimal
ahraak(mtpr,prnum'3)-ahreak(m£pr'prnum'2)+atime2
abreak(mtpr,prnun'4)-abraak(mfpr'prnum'3)+atima
abreak(mtpr,prnun'5)-abr.ak(mtpr'prnum'4)+apub1
nbroak(mrpr,prnun's)-nbraak(mtpr'prnum'S)+apub2
abreak(mtpr,prnun'7)-nbr.ak(mtpr'prnum'6)+BPUb
abraak(mtpr,prnum'8)-abr:ak(‘tpr'prnun'7)+aaut°1
abreak(mtpr,prnum'Q)-abr ak(ntpr,prnun,8)+aautoz
abreak(m!pr,prnun'10)-ab.a (mfpr, pronun, 9)+aauto3
abreak(mtpr,prnum'11)-ab§GAK(mtpr'prnum'1°)+aaut°
abreak(mfpr,prnun'lz)-ab eak(mfpr, prnum, 11) +apark
abreak(mfpr,prnum'13)-abreak(mfpr'prnum'12)+abus
abreak(mfpr,prnum'14)-nbreak(mtpr'prnum'13)+ac°5t
abreak{mfpr, icor i)-abr r;ak(mfpr,prnum,14)+amin
abreak(mfpr,icor'z)-abr‘ak(mfpr'icor'1)+atimel
abreak(mfpr,icor’a)-ab :ak(mtpr,icor,2)+atime2
abr.ak{mtpr,icor’4)-abr ak (mfpr,icor,3)+atime
abreak(mfpr,1cor'5)-abreak(mtpr'icor")+apubl
abr.ak(mtpr'icor,s)-abreak(mtpr,icor,5)+apub2
abreak(mrpr,icor'7)-abreai(m£pr'icor'6)+apub
abroak(mtpr,icor'a)-abr.ak(mfpr'icor'7)+aaut°1
abrcak(mtpr,icor'9)-ab:ea (mfpr, icor, 8) +aauto2
abrenk(mtpr,icor'10)-abeak(mrpr'iccr'9)+aaut°3
agroak(mtpr,icor:11)-ab:::tE:§§:’iggr'ig)+aaut°
: . r +
reak(mtpr,icor,lZ}-abreak(mfpr,1cor:12;+:g::k

C-1



ahrnlk(-rpr,icor,lS)-abroak(nrpr,icor,13)+nc0lt
ahrnnk(nfpr,icor,li)-abr.ak(ntpr,1cor,14)+lnin

write(6,33) codcl,codoz,codca,cod.4,id,prnun,ntpr,pud,prfrq,lr,
+1ul,lc,ld,vctp,cvctp,oct,plr,plus,plc,lhov,cOltl,costz,miltl,
+n1112,tin.l,timoz,tin-,publ,pubz,pub,autol,autoz,autoz,pauto,
+park,bul,pco-t,atin.l,ntiloz,atino,apubl,apubz,apub,aautol,aautoz,
+aaut03,aauto,lpark,abul,aco-t,pminl,pninz,pnln.aninl,aninz,amin

33 forlat(lx,4il,14,12,211,11,4!4.1,211,15,14.1,14.1,213.1,218.2,

+2£4.1,26!5.2,6£3.0)

goto 10

after one record is pProcessed, go back to read the next record

loop 200 220 computes the subtotals of cost,miles and case numbers
for sach type of trip of both Previous and p&r mode.

noQgaaaa

100 do 200 i=1,5
ka--p(14,1)-kasnp(7,i)+ka-ap(13,i)
prcnil(14,1)-pr¢lil(7,1)+prnn11(13,i)
pr¢(14,i)-pre(7,1)+prn(13,1)
if (i.eq.5) goto 200
kanna(l(,i)-knnna(7,1)+kasoa(13,i)
aftnil(l(,i)-aftnil(?,i)+attnil(13,1)
aftcr(14,i)-att-r(7,1)+after(13,1) '
200 continue
do 220 im=},s
do 210 j=1,14
pbreak{i,14,j)=pbrnak(i,7,j)+pbreak(i,13,j}
if(i.gt.3) gotoe 210
abrnak(i,14,j)-abrcak(i,7.j)+abroak(i,13,j)
210 continue
220 continue
e

€ loop 400 500 computes the total cost,miles and cases for each
¢ p&r lot for both previous and pér mode.
c
do 400 i=1,14
do 395 j=1,5
kalct(i,1)-ka-at(i,1)+kascp(i,j)
total(i,l)-total(i,1)+pro(i,j)
totnil(i,l)-totlil(i,1)+pronil(i,j)
395 continue
400 continue
do 500 i=1,14
do 495 j=1,4
kllot(i,2)-ka-at(i,2)+kau-a(i
total(i,2)-total(i,2)+arter(i
totnil(i,z)-totnil(i,2)+a£tni
495 centinue
500 continue
do 520 {=1,14
do 510 i=1,14
do 5085 k=1,5

')
1)
1(i,3)
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505
510
520
c

tbreak(l,i,})=tbreak(l,i,]j)+pbreak(k,i,])
if(k.gt.3) goto 505
tbreak(z,i,j)=tbreak(2,i,j)+abreak(k,1i,3)
caontinue
continue

continue

¢ loop 750 compute the average of coat and ailes.

[=]

745
730

c

do 750 im=

do 745 j=1,2

contin
continus

1,14

it (kamet(i,j).eq.0) goto 745
total(i,j)=total(i,j)/kaset(i,])
totmil{i,j)=totmil(i,d)/kaset(i,q)

ue

if(iockl.eq.2) goto 92980

¢ generata SUMMARY REPORT TABLE

[

600

604

608

652
650

700

write(#*,6600) masgel(codel)
format('l',36x, 'Cost Effectiveness of Park and Ride Lots'/
+47x, 'summary Report Tabla‘'//
+49x,alB/63x, 'difference batween avg'/
+17x, 'avg previocus mode trip avg park & ride trip previous no?,

+'de trip and'y

+65x,' avg p&r trip pnd pmd/p&r'/

+20x, 'trip trip cost | trip trip cost |',21x,
+!|cost/ cost lot n of'y

+20x, 'cost miles per | cost miles per | trip’,

+3x, 'trip cost/ | pé&r per util casas'/
+21x,'($)',10x, 'mile |',3x,'($}",10x, 'mile |*',2%,'cost miles
+'mile | cost

write(»,é

04)

mile (%) '/39%,'1',21x,"|",21x, ' | ")

format{'+', 16X, ' ~=——— e e
) et rrrmrercacuccccc e a s —— !)

format('+',16x,"*

+ !

do 800 i=1,14

if (kaset(i,l).eq.0.or.kaset(i,2).eq.0) goto 780
diffl=total(i,1l)-total(i,2)
diffe=totmil (i,1)~-totmil(di,2)
diff3-total(i,1)/t0tmil(i,1)-total(i,2)/totnil(i,2)
diff4=total (i,1)/total(i,2)
diftS-total(i,1)*totmil(1,2)/(totnil(i,1)*total(i,2))

if(l.eq.7.0r.i.eq.13) write(*,652)

if(i.eq.7.0r.i.eq.13) write(»,604)

format (39x,'|*',21x,"|',21x,'|"')

format ('

')

')

write(*,700) city{i), (total(i,j),totmil(i,3),
+total(i,j)/totmil(i,j),j-l,Z),diffl,dif!z,dif!3,diffl,dif£5,
+utauto(i)/stall(i)*100.,kalat(i,l)
format(lx,alﬁ,f?.Z,f?.1,!7.2,' |',£6.2,lx,16.1,£7.2,‘ {',£6.2,1x
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+,2x,f4.1,2%,£5.2, |',1x,f4.2,4x,r4.2,3x,t4.1,3x,13)
if(i.eq.7.0r.i.eq.13) write(» 652)
if(i.aq.7) write(w,604)
if(i.eq.13) write(¥,608)
goto 800
780 write(*,78) city(i)
78 format(1lx,al6,1x, '-——=there are no cases for this lot----1)
800 continua
write(w,820) m-lqeztcodOZ),mssg-B(codnB),mssgei(cod.&),connent
820 format('o', 'note : ',azs/sx,azs/ax,aSI//Ix,'comment t ',alo0)
write(+,830)
830 format('i')
[ =4
¢ loop 900 computes Average cost and miles for each trip type
¢ (both previous and pir moda)

c
9980 do 900 i=1,14
do 895 j=1,5
it(kal-p(i,j).aq.O) then
pra(l,j)=999999 99
premil (i, j)=995999. 99
goto 850
endif
pre(i,j)=pre(i,3) /kasep(i,$) :
prcnil(i,j)-prenil(i,j)/kasep(i,j)
850 if(j.eq.5) goto 895
if(kalca(i,j).nq.O) then
after(i,})=999999.39
attmil(i,j)=999999. 99
goto B9S
andif
arter(i,j)-aftor(i,j)/kasaa(i,j)
attnil(1,j)-attnil(i,j}/kasea(i,j)
895 continue
900 continue
if(iockl.eq.2) goto 9990
c
© generate PARK & RIDE TRIP Characteristica
c
write(#,901) mssgel (codel)
9201 fornat(in,'Avcrago PARK & RIDE TRIP Charactlristics'//

+ 55x,al8//
+ 22x, 'transit froa p&r lot',sx,'carpool from par lot',
+ 8x, 'vanpool from p&r lot combined avg p&r tript'//
+ 20%,'trip trip cost n % of | trip trip ‘cost n & of i,
+ 1x,'trip trip cost n % of | trip trip cost total'y
+ 20x, 'cost miles per all | cost miles psr all ¢
+ 12X, 'cost miles per all | cost miles per n'/
+ 21x,'($)',8%,'mile trips | ($)',8x, 'mile trips |,
+ 2%,'($)',8x,'mile trips | ($)',8x,'mila")
write(w 612)
612 tornat(46x,'|',27x,'|',27x,'r')
write(*,614)



614 format('+',18x, ' ————r - e

do 910 i=1,14
if(i.eq.7.0or.i.eq.13) write{*,612)
if(i.eq.7.0r.1.eq.13) write(w»,b614)
if(xaset(i,2).eq.0.0r.kacet(i,1).eq.0) goto 908
rkase=kaset(i,2)*.01
if(kasea(i,l).eq.0) then
ravgl=99399%9.99
else
ravgl=after(li,l)/aftmil (i, 1}
endift
if(kasea(l,2).eq.0) then
ravg2=999999.99
elsea
ravg2=aftaer(l,2)/attmil(i,2)
endif
if(kasea(i,3).eq.0) then
ravgi=999999,99
else
ravgli=aftar(i,d)/artmil(1i,3)
endif
write(#,905) city(i),after(i,1),aftmil(i,1),ravgl, kasea(i, 1),
+kasea(l,1)/rkase,after(i,2),aftmil(i,2),ravg2, kasea(i,2),
+kasea(i,2)/rkase,after(i,3),aftmil(i,3),ravgl, kasea(i,3),
+kasea(i,3)/rkase,
+total(i,2),totmil (i,2),total(},2)/totnmil(1i,2),kaset(1,2)

905 format(lx,als,1x,£5.2,2x,£4.1,1x%,£5.2,1x,13,1x,£5.1,"' |!',
+£5.2,2x%,£4.1,1x,£5.2,1x,42,1x%,£5.1, " |*,
+£5.2,2x,£4.1,1x%,£5.2,1x%,12,1x,£5.1,"' |¢*,
+£5.2,2x,€4.1,1x,£5.2,1x,13)

if{i.eq.7.0or.i.eq.13) writa(+*,612)
if(i.eq.7) write(»,614)
if(l.eq.13) write(+,618)

618 format('+',18x,"*
+| !)

goto 910
208 write(*,78) city(1)
910 continue
write(*,820) ms2sge2 (code2) ,mssgel (codel) ,mssged (coded) ,comment
write(#,980) mssgel{codel)

c
€ generate PREVIOUS MCDE TRIP Characteristics

c
980 format('l’',44x, 'Average PREVIOUS MODE TRIP Characteristics'//

+ 55x,als8//

+ 29x, ' ===== walk to transit --=—- ---- drive to transit’,
+ } evwm= | ecaeeaa drive alone ----—-= v/

+ 29x,'trip trip cost n %of | trip trip cost ',
+ '‘n % of | trip trip cost n % of'/

+ 29x,'cost miles per all | cost miles per',

+ 7x,'all | cost mniles per all'/

+ 29x,'(%)',10x, ‘mile trips | ($)',10x,'mile ',



622
626

935

632

928
930

986

+ ‘trips | ($)',l0x, 'mile trips*)
write(+,6622)
format({57x,| ',29x,' ")
write(*,626)
format (29x, '=m—-——mmam e - e e !
+l ____________________________________ l)
do 930 i=1,14
it(i.-q.7.or.i.0q.13) write(+, 626)
if(kaset(i,1).eq.0) goto 928
rkaseskasat(i,1)+.01
it(kasop(i,l).-q.o) then
ravgl=999999.99
else
ravgl=pre(i,1l)/premil(i,1)
endif
it(kasep(i,:).cq.O) then
ravg2=999999,99
else
ravg:-pro(i,2)/pr-lil(i,2)
endif
if(kasep(i,3).eq.0) then
ravgi=999999%.99
elsa
ravgi=pre(i,3}/premil(i,3)
endif
write(*,935%) city(i),pra(i,l),prenil(i,l),ravql,kascp(i,l),
+ka-¢p(i,1)/rkasc,pra(i,2),pramil(i,Z},raqu,kasep(i,z),
+kasep(i,2)/rkaso,prl(i,3),prunil(i,a),ravga,kasep(i,a),
+kasep(i,3)/rkase
tormat(le,alG,zx,t5.2,2x,t4.1,2x,£5.2,1x,is,lx,fs.l,' [
+t§.2,2x,t4.1,2x,t5.2,lx,iS,lx,fs.l,' i,
+t5.2,2x,£4.1,2x,£5.2,1x,i:,lx,fs.l,ax)
if{i.eq.7) write(+,626)
if(i.eq.13) writea(w,6232)
format(29x,! '
+ !

")

r

goto 930
write(*,78) city({i)
continue

writ.(*,azo) mlsq¢2(cod02),mssguS(codaJ),mssged(code4),comnent

write(»,h986) mssgel (codel)

rornat('l',44x,'AVlrage PREVIOUS MODE TRIP charncteristics'/

'trips | {$)',1ox, '‘mile")

+ 59x, 'continued’//

+ 55x,a18//

+ S8x, 'combined average'/

+ 2%, ' wemmemana Vanpool =-e—wee——  aoaoo___ carpocl'
+ ' omemcamen. == pPrevious mode trip ==t/

+ 32x%,'trip trip cost n % of | trip trip cost
+ 'n Y of | trip trip cost total'/

+ 32x,'cost miles per all | cost miles per',
+ 7x,'all | cost miles per n'/

+ 32x,'($)',10x, 'mile tripas | ($)',10x, 'mile ',
+



write(*,633)

633 format(60x,'| *',29%,'| ')
write(*,636)

636 format (31x, '——=-——---m——m-=~ bt el b L DL D DL Bt ',
Vo o A e D)

do 940 i=1,14
if(i.eg.7.0r.i.eq.13) write(*,636)
if(xaset(i,1).aq.0) goto 938
rkacse=kaset(i,1)*.01
if(kasep(i,4).0q.0) then
ravgl=999999.59
else
ravgl=pra(i, &) /premil(i,4)
endif
if(kasep(i,5).eq.0) then
ravg2=999999.99
else
ravgzs=pra(i,s)/premil (i,5)
endif
writa(*,945) city(i),pre(i,4),premil(i,4),ravgl, kasep(i,s)},
+kasep(i,4)/rkase,pre(i,5),prsmil(i,S),ravg2,kasep(i,5),
+kasep(1,5)/rkase,total(i,1),totmil{i,1),
+total(i,1l)/totmil(i,1),kaset(1,2)

945  format(l4x,als,1x,f5.2,2x,f4.1,2x,£5.2,1%,43,1x,£5.1,"' | °
+f5.2,2x,f4.1,2x,f5.2,1x,13,1x,f5.1,' L
+£5.2,2x%x,£4.1,2x,£5.2,3%x,13)

if{i.eq.7) write(*,636)
if(i.eq.13) write(%,632)
goto 940

938 write(*,78) city(i)

940 continue

write(*,820) mssgeZ {Code2) ,msage3 (codel) ,mssge. (coded) , comment
writa(*,6830)

r

c
c loop 770 computes averaga cost break down
e
9990 do 770 i=1,5
do 768 j=1,14
do 766 k=1,14
if(kasep(j,i).eq.0) goto 764
pbreak(i,j,k)=pbreak(i,j, k) /kasep(j,i)
764 it (i.g9t.3) goto 766
if(kasea(),i).eq.0) goto 762
abreak (i,j,k)=abreak(i,j,k)/kasea(], i)
762 ir(i.gt.2) goto 766
if(kaset(4,i).eq.0) goto 766
tbreak(i,]j,k)=~tbreak(i,j, k) /kaset(j, 1)

766 continue
768 continue
770 continue

if(iock2.eq.2) gotao 9992
c

€ generate tables of TRIP COST BREAKDOWNS



865

853

841

866

861

858
8s5s
-863

860

do 860 i=1,5
write(w,b865) titln(l),titll(i)
fornat(szx,'nvoraqn Trip Cost Breakdowns'//

+ 59x,al17/
+ 58x%,al6/
+ 21X, 'avm——— Tim@ -=<~ve- oo Public =-=-- '
+ et mme—a— AULD =—e—mumena -Park- -Bus-!,
+ ' Total Trip Total Trip nt/
+ 105x, 'Trip Miles Cost Tinme of'/
+ 21x,'In out of',36x, 'Own $',31x,'Cost',9x,'P-r (min) '/
+ 21x, 'Veh Veh Total Road Other Total fuel',
+ ' Oper Accdnt Total Total Total',1l6x, 'Mile casas',
write(*,65853)
format(18x, ' -— e e e e e e e e ',
+ L] o - e o o - - - - —— [Rp—— P e | )
format(18x, " ',
-+ 1 ! )
do 855 jm=1,14
1t(j.oq.7.or.j.eq.13) write(w, as3)
ir(kaucp(j,i).-q.o) goto 858
it(prnnil(j,i).oq.o.) then
rratio=999999, 999
else
rratio-pro(j,i}/prenil(j,i)
endif
write(*,866) city(y), (phr-ak(i,j,k),k-l,ls),prcmiltj,i),
+ rratio,pbroak(i,j,14},kas-p(j,i)
format(1x,alé,1x,3£7,2, |'e£5.2,2207.2," |',£5.2,3¢7,2,
+! i',£5.2,") ',15.2,17.2,£6.1,t6.2,£7.0,15)

it(pbrnak(i,j,ls).-q.o.) phreak(i,d,13)=99999999,
write(#*,6 861) (pbr-ak(i,j,k)/pbreak(i,j,13)*100.,k—1,12)
tornat(lsx,'&',rs.:,th.z,' i',£5.1,2f7.2,' {',f5.1,3f7.2,
N, E5.1, 7 0, £5.1) ‘
if(j.aq.?) writ.(*,BSJ)
it(j.cq.la)urit-(*,sll)
goto 855
writ.(*,78) clity (i)
if{j.aq.13) write(*,841)
continue
write(*,863) comment
format(//1x, 'comment : ',al00)
writa(#,830)
continue
do 880 i=1,3
write(#,865) titl.(Z),titlZ(i)
Hritc(*,853)
do B74 i=1,14
it(j.lq.?.or.j.cq.13) write(w,as3)
1£(kas.n(j,i).-q.0) goto 876
it(attmil(j,i).uq.o.) then
rratio=999999.999
else



rratiowatter(]j,i)/attmil(j, 1)
endif
write(»,866)city(j), (abreak(i,j,k),k=1,13),aremil(§,1),
+ rratio,abreak(i,j,14),kasea(], i)
if(abreak(i,j,13).eq.0.) abreak(i,j,13)=95999999,
write(*,861) (abreak(i,j,k)/abreak(i,j,13)*100.,k=1,12)
if(j.aq.7) write(*,853)
if(3.eq.13) writae(*,841)
goto 874
876 write(»,78) city(j)
1£{j.eq.13) write(*,84l)
874 continue
write(*»,863) comment
write(*,830)
880 continue
9992 1f(iocck3.eq.2) goto 999%
c
c generate combined comparision tables
c
do 140 i=1,2
write(*,865) titla(3),titl3(i)
write(®,853)
do 120 i=1,14
if{j.eq.7.0or.j.eq.13) write(+,853)
if(kaset(j,i).aq.0) goto 122
if(totmil(j,i).eq.0.) then
rratio=999999.999
alse
rratio=total(j,i)/totmil(]j, i)
endif
write(*,866)city(]), (tbreak(i,j, k), k=1,13),totmnil (3},1),
+ rratio,tbreak(i,j,14},kaset(}, 1)
if (tbreak(i,3j,13).eq.0.) tbreak(i,},13}=99999999,
write(®,861) (tbreak(i,j,k)/tbreak(i,},13)*100.,k=1,12)
if(j.eq.7) write(#*,853)
if{j.eq.13) write(*,B41)
goto 120
122 write(*,78) city(d)
: if(j.eq.13) write(*,84l)
120 continue
write(*,863) comment
writa(#,830)
140 continue
writa(*, 865) title(4),titls
do 160 j=1,14
if{j.eq.7.0r.4.eq.13) write(w,650)
if(d.eq.7.0r.3.eq.13) write(*,853)
if(kaset(3,1).eq.0.0r.kagset(},2).eq.0) goto 155
if(totmil(j,2).eq.0.) then
rratio=999999.999
else
rratio=total(},1)*totmil(d,2)/(totmil(j, 1) *total(],2))
endif



rkasl=kaset(j,1)
rkas2=kaset(j,2)
ratio=rkasl/rkas2
do 881 k=},14
if(tbrcak(l,j,k)..q.o.or.threak(z,j,k).cq.OJ then
tbreak(l,3, k)=99999999,
threak(2,d,k)=1.
andif
88l continue
write(*,K867) city(j),(tbr.ak(l,j,k)/tbroak(:,j,k),k-1,13),
+totni1(j,1)/totnil(j,2),rratio,throak(l,j,14)/tbreak(2,j,14),ratio
867 forInt(lx,alG,lx,3fT.2,' f',15.1,227.2,' |*,£5.1,3f7.2
+ O, 05,1, '225.1,£7.2,2¢6.2,16.2, £6.2)
if(3.eq.7) write(»,K 853)
if(].eq.13) write(*, a4l)
1t(j.nq.7.or.j.eq.13) write(+, 650)
gotc 160
155 write(+,78) city(j)
160 continue
write(*,863) comment
write(+*,830)
9999 rewind 4
rewind 5

r

c
€ reinitialize arrays to zere
c
do 899 i=}, 14
utauto(i)=0,
stall(i)=0,
do 898 j=1,5
pre(i,j)=0.
premil(i,j)=0.
kalcp(i,j)-o
if(J.eq.5) goto 8ss
after(i,j}=o0,
aftmil (i,§)=0.
kasea(i,3)=0
if(3.9t.2) goto 89s
total(i,3)=o0,
totmil({)§)=o0,
kaset(i,})=0
898 continue
8%9 continue
do 999 i=1,5
do 997 j=1,14
do 995 k=1,14
pbreak(i,j,k)=0,
if(i.gt.3) goto 995
abreak(i,j,k)=0,
if(i.9t.2) goto 995
threak(i,j, k) =0,
998 continue
997 continue



299
1400

1300

1200

1100

continue
continue
if(icodel.eq.3) than
i4l=igav3
i42=ig42
endif
continue
if{icodel.eq.3) then
131=igav2
132=1ig32
endift
continue
if(icodel.eq.2) thean
i2l=igavl
122=1g22
endif
continue
stop
end

subroutine auto(ceost,mile,timel,tine2,time,publ, pub2,pub,autol,
+ auto2,auto3, pauto,park,bus, ac, *)
real lymn,lectcost,lhov,lr,lus,lec,ld,lc2
integer prnunm,pnd,atpr,mfpr, vatp, veyr,cvetp, cveyr, oct,otaz,dtaz
integer codel,code2,codel,coded
real mile,mtor,mtol,mtod,ll
dimension rmtor(6),rmtol(6) ,rmtod(6) ,rgr(6),rgl(6),rgd(6)
common /sub/ lr,lus,lc,ld,vetp,pnd,avginc,lhtp,att,runtime,wait,
walkl,nfpr,aocc,plrs,plrn,prmile,lotcost,autos,stalls
-Cvetp, prbmin, rvmn, lymn, ddmn, brvmn, bphr, optpl,
P,optp2,busll,busld,buslé,bus20,ple, lhov,plus,busoce,
otaz,prnum
common /various/codnl,codez,codn3,code4,pclcl,pclc3,pclusl,pcluss,
pclusA,lcl,uc3,susl,susa,sus4,pchov,spll,tv,tw,rpcr
common /autocom/ rmtor, ratol, rmtod, rgr, rgl, rqd, pgr, pmtor,
+ 8xr,sd,rpcd, rar,ral,rad
pcr=rpcr
pcdsrped
arsrar
ad=rad
al=ral
it (pmd.eq.3) then
dcp=0.0
elseif (pmd.eq.4.or.pmd.eq.5) then
dcpw, 187
endif
mile=lr+lus+lic+ld
ll=lua+lc
v=avginc/ (2085.0%tv)
vwsavgine/ (2085, 0%tw)
if({code2.aq.2) then
va(,

++ 4+

+



mo L)
endif
ir (lhtp.eq.l.or.lhtp.eq.2) then
Pclc=pclel+per
sc=gcl
pclus=pclusl+per
sus=gusl
elsalf (lhtp.eq.3) then
pecle=pelel+per
sc=gc)
Pclus=pclua3+per
sus=sus3
elseit (lhtp.eqg.4) then
pclc=pclci+per
sC=sc3
pclus=pclusd+per
aus=sus4
endif
iz (votp.nq.7.or.votp..q.0) vetps=3}
mtor=rator(vetp)
mtol=rmtol (vetp)
ntod=rmtod (vetp)
gr=rgr(vetp)
gl=rgl (vetp)
gdsrgd(vetp)
if (pmd.eq.3) then
oce=]1.0
elaeif (pmd.eq.4.0r.pmd.eq.5) then
ocCcw=2,24
endif
if (pmd.eq.23) pkcost=p
if (pmd.eq.4) pkcost=.28s
if (pmd.eq.5) pkcost=.g6
if(codel.eq.2) then
Ator=o,
mtol=0,
ntod=0.
gr=0.
gl=0,
gd=0.
ar=0.
al=0.
ad=0,
pkcost=0.
endair
if (lr.gt.5.0) then
arfcr=6.0/1r+1.0
arfcl=l.o0
arfcdsl.o
alse
arfcr=3.4-.24%1r
if ((lr+ll).gt.5.0) then
arrcl-(.24*1r*t2-2.4i1r+s.0)/11+1.0



arfcd=1.0
else
arfclsl.4-.24*(1xr+1l)
if ((1r+1l+ld).gt.5.0) then
arfodm({.24% (lr+11)##2-2,4%(1r+11)+6.0)/1d+1.0

alse
arfcdm3,4-,24*(1lr+ll+ld)
endif
endif
endif
lc2=lc=lhov

if(lc2.1t.0.) lc2=0.
if (pmd.eq.4.0r.pmd.eq.5) pcle=(pclc*le2+pchovrlhov)/le
if(codeld.eq.2) then
poer=0.
pclus=0.
pclc=0,
pcd=0.
endif
acr=(dcp+lr/sr) *v*occ+(per+ator+ar+ (grrarfcr) ) *1r
acl={lus/sus+lc/sc) *v*occ+{mtol+al+(gl*arfcl))*1ll+pclus*lus
c+pecle*rle
acd=( (1d/8d) *v+(att/60.0) *vw) *occ+ (pecr+ped+ntod+ad+gdraricd) *1d+
cpkcost/2.0
ac=(acr+acl+acd) /occ
cost=ac
timel={dcp+lr/sr+lus/sus+lc/sc+ld/sd) sv
time2=(att/60.) *vw )
time=timel+time2
publ=( (pclus-pcr) *lus+(pcle-per) *lc+ped*ld) /oce
pub2=(pcrvmile) focc
pub=publ+pub2
autol=(gr*arfcr*ir+gl*arfcls*ll+gdrarfcd*ld) /occ
auto2=(mtor*lr+mtol+ll+mtod#*ld) /occ
auto3={ar*lr+al+*ll+ad*ld)/occ
pauto=autol+auto2+autol
park=mpkcoat/{2.*occ)
bus=0.
ac=t ime+pub+pauto+park
return 1
return
and

subroutine prbus(cost2,mile2, kode,plr,timel,time2, time,publ,pub2,

+ pub,autol,auto2,autol, aauto,park,bus,prbusc, *)
real lymn,lotcost,lhov,lr,lus,lc,1d,nile2

integer prnum,pmd,mtpr,mfpr,vetd,veyr,cvetp,cveyr,oct,otaz,dtaz
integer codel,code2,code3,coded,optp,bustp,prfrg

real kr,kxl,kd,mtor,mtol

dimension rmtor(6),rmtol(6),rmtod(6),rgr(6),rgl(6),rgd(6)
commeon /sub/ lr,lus,lc,ld,vetp,pmd,avginc,lhtp,att,runtime,wait,
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+++ 4+

common /vari

+

comron /auto

data farel,?
data scale/.
data vchft,v
data vemll,v
data kd,kr/2
data fom, fcb

walkl,nzpr,aocc.plrs,plrn,prnilc,lotcost,autos,stalls

,cvetp,prbnin,rvmn,1ymn,ddmn,brvmn,bphr,optpl,

p,optpz,busll,busl&,busls,buszo,plc,1hov,plus,busocc,

otaz,prnum

oul/codol,codez,codn3,codeQ.pclcl,pclcs,pclusl,pcluss,
pclus4,3c1,sc3,susl,sus:,su|4,pchov,lpll,tv,tw.rpcr

com/ rutor,rmtol,rmtad,rgr,rql,rgd,pgr,pltor,

ar,sd, rpcd, rar, ral, rad

arlz,farn3/.49,.73,.86/

837/

chpt,vchart/20.57,11.29,.5/

cm14,vcn16,vcm20/.74,.77,.66,1.1/

.99,.188/

+Ccb, ttt/.09,70.42,61.72,2.0/

data prbtpw,pldn,plda,sch,sc-/.1667,.7,1.1,3.13,.11/

pcr=rpcr
pcd=rpcd
arsrar
al=ral
ad=rad
prail=prmile
if (proum. eq.
fare=fare
elseif (prnu

5.or.prnum.eq.6) then
3
m.le.3) then

fars=farsl

else
fara=fars
endif
if(prnum.1le.
pld=pldn
alse
pld=plds
andif
if(kode.eq.2
if(codel.eq.
v=avginc/ (20
vwmavgine/ (2
if(code2.eq.
v={,
V=],
endif

2

6) then

) prail=praile-o,.s
1) fare=0.
85.0%tv)

085%.0%tw)

2) thsn

dcp2=(aocc-~1.)*.0833

if(dcp2.1t.0
if (plrs.eq.
plr=scal
alse
Plr=plirs
andif
if(plr.eq.0.

+) dcpamo.
0.0) then
e*plrn

) plr=0.5

if(plr.gt.1lr) then

plrr=1r
Plrl=plr-1
elss

r



plrr=plr
plri=0.
endif
mile2=plr+prmil+pld
if (plrr.gt.5.0) then
arfcr=6.0/plrr+l.0
arfcl=1,0
else
arfor=3.4-.24%]y
if{(plrr+plrl).gt.5.0) then
arfols(.24+plrr#**2-2 . 4*plrr+6.0} /plrl+l.0
alse
arfcl=3.4-.24%(plrr+plrl)
andif
endif
if (coded.eq.l) then
prpk=lotceoat/autoa
elself (code4.eq.2) then
prpk=liotcest/stalls
alseif (coded.eq.3) then
prpk=0.0
endif
if (lhtp.eg.l.or.lhtp.eq.2) then
pcle=pclcl+per
pclusspclusl+per
sug=gusl
alself (lhtp.eq.3) then
pcle=pelcei+per
g8c=sC3
pclus=pclus3+per
sus=gus83
elseif (lhtp.eg.4) then
pclc=pclcl+per
pclus=pclusd+pcr
sus=sus4
andir
prbtime=( (promin/rvmn) * (rven+lymn+ddmn) ) /60.
promile=prmil+ (1.0+ddmn/rvmn)
pll=prmil-pld
pllmile=pli/prmil#*prbmile
pldmile=pld/prail*prbnile
if (bphr.gt.4.0) then
perblk=prbtime/(brvmn/60.0)
alse
perblk=0.5*prbtime/ (brvmn/60.0)
endif
if (vetp.eq.7.or.vetp.eq.0) vetp=3
ntor=rmtor (vetp)
gr=rgr(vetp)
mtol=rmtol (vetp)
gl=rgl (vetp)
if(codel.eq.2) then
mtor=0
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ar=0,
gr=0.
mtol=0,
al=0,
gl=0.
fare=-fare
endif
adj=kr-pcr
vch= (optplivchtt+optp2*vchpt+(busl4+bu-20)*vchart)/loo.o
vcn-((busll*vcnll+bu.14*vcml4+buslstvcu16+buszo*vcnz0))/100.0
plc2=plc-lhov
kl-(2.49/plln11a)-((pclc+adj)ip1c2+(pc1ul+adj)*plus+
+{pchov+adj) *1lhov)
if(code3l.eq.2) then
pcr=0.
pclus=0.
kl=0,
kd=0.
endir
if(codsl.eg.3) then
vch=0.
sch=0,
vem=0,
scm=0,
fen=0,
fcb=o,
cch=g,
endif
gr=pgrtgr
mtor=pmtor*mtor
gl=pgragl
atol=pmtor*mtol
prcr~(dcp2+plrr/lr+p1rl/lus)tv+(pcr+ntor+ar+(gr*artcr))*plrr/aocc
++(pclul+utol+a1+(gltarrclj)iplrl/aocc+o.s*(prpk/aocc)
prcbul-prbtpw*vw+prbtinei(vch+ach)/busocc+prbuin/60.0tv
c+p11111.*kl/husocc+p1dnilc*(kr+kd)/husocc
c+prbnilc*(vcu+lc-+tc-)/bulocc+pnrb1k*(tcb+ccb)/busocc
c+ttt/60.0%vw
Prbusc=prcr+prchbus+fare
cost.2=prbusc
if (kode.eq.2) cost2=prbusc-.5*prpk/aoccc
tinel-(dcpz+p1rr/lr+p1rl/aul+prbn1n/60.)*v
time2=(prbtpw+ttt/60.) *vvw
time=timel+time2
publ-(kl-kr)*plllilofhusocc+kd*pldni1c/busocc+pclus*p1r1/aocc
pubz-pcr*(plr/aocc)+((pllnile+pldlilo)/husocc)*kr
pub=publ+pub2
autol-gr*arfcr*plrr/aocc+g1*artcl*plrl/aocc
auto2=mtor+plrr/accc+mtol*plrl/accc
autol=ar+plrr/aocc+al*plrl/acce
aauto=autol+auto2+autol
parks. S*prpk/accc
if(kode.eq.2) park=0,
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bus={prhtine* (vch+sch)+prbmile* (vem+scn+fom)
++parblk* (fch+ccb) ) /busoco+fara

prbusc=t ime+pub+aauto+park+bus

raturn 1

return

end

subroutine walkbus(costl,milel,timel,time2, time,publ, pub2,pub,
+ autol,auto2,auto3,pauto,park,bus,tc,*)
real lymn,lotcost,lhov,lr,lus,lc,1d
integer prnun,pnd,ntpr,nfpr,vctp,veyr,cvatp,cvuyr,oct,otaz,dtaz
integer codel,code2,codel,coded
real 11,1 milel, kr, kl,kd
commen /sub/ lr,lul,lc,1d,vntp,pnd,avg1nc,lhtp,att,runtin-,wait,
walkl,nfpr,aacc,plrl,plrn,prnilo,lotcOlt,autol,stalls
,cvotp,prbnin,rrrr,xxxx,yyyy,zzzzz,bphr,optpl,
p,optpz,bulll,bunll,bnlls,huazo,plc,1hov,p1ul,bbbbbb,
otaz,prnum
Common /various/cod.l,cadez,cod.:,cod.i,pclcl,pclcS,pclull,pcluss,
pclul4,lcl,sca,lull,lula,uus4,pchov,-pll,tv,tw,rpcr
data farel,fare2,fare3/.49,.73,.86/
data vem,scm, fom/.83,.11, .09/
data tcb,ccb,brvnn,buaocc/?O.42,61.72,145.0,32.4/
data rvmn,lynn,ddnn,vch,schfsa.0,6.0,36.0,18.73,3.09/
data ttt,kd, kr/2.0,2.99,.188/
pcr=rpcer
if(otaz.ge.180.and.otaz.le.237) then
fare=farel
elseif(otaz.ge.248) thaen
fare=farej
else
fare=fare2
endir
if{codel.aqg.l) fare=(,
if(codel.eq.2) fara=-fara
tb={runtime/brvmn) * (fcb+eeb)
milel=lr+lus+lc+ld
v=avginc/ (2085, 0%tv)
vw=avginc/(2085.0%tw)
if (ihtp.eq.l.or.lhtp.eq.2) then
pclc=peclcl
pclus=pclusl
elsaif {(lhtp.eq.3) then
pclcepclel
pclus=pclus3
elseif (lhtp.eq.4) then
pclcm=pclc3
pclus=pclus4
andif
if (runtime/rvmn.le.l.0) then
buatime-runtima+(runtime/rvmn)*(1ymn+ddmn)

++ + +

+

alse



bu-tiln-runtin.+1ynn+(runtino/rvnn)*ddnn
endif
lc2mlc~lhov
k1-2.49*(pchov*lhov+pc1c*1c2+pc1u-*1ul)/(1ul+1c)
if (code3.eq.2) then

kr=0.

kl=0,

kd=0,
andir
if (code2.eq.2) then

vui,

vu=(Q,
endif
pct=kl*(lus+lc)+xkd*ld+krvmilel
utc-((walk1+wlit+ttt)/so.)*vw+(runtin-/so.)tv
l=alr+lus+lc+ld
tn-10(1.0+ddnn/rvnn)*(vcn+ucn+:cn)
trt=(bustime/60.0)* (vch+sch)
if(codel.ag.3) then

trt=(,

ta=0,

tb=(,
andif
ttc-utc+(trt+t:+th+pct)/bulocc+£nr-
costl=tte
timel=(runtime/€0,)*v
tilsz-((Hl1k1+wa1t+ttt)/60.)*vw
tinmestinel+time2
publ-(kl*(1ul+lc)+kd*1d)/bu-occ
pubi=kr*milel/busocc
pub=publ+pub2
bus=(trt+ta+th) /busoccc+fare
toe=tine+pub+bus
autol=go,
auto2=0.
autoli=g,
pauto=0.
park=0Q.
return 1
return
and

subroutine prauto(coltz,lilcz,plr,tiuol,tiucz,tinu,publ,puhz,puh,
autol,autoz,autoa,aauto,park,bus,prautc,*)

real mtol, mtor,mtod,mtorl

real 1ynn,1otcost,1hov,1r,1us,1c,1d,nilnz

integer prnuu,pud,ltp:,lfpt,?ctp,chr,cv-tp,cvcyr,oct,otaz,dtaz

integer codel,codez,code3, oded

dimension rltor(s),rttol(ﬁ),rmtod(ﬁ),rgr(s),rgl(s),rgd(s)

common /sub/ lr,lul,lc,ld,votp,pmd,avginc,lhtp,att,runtilo,vait,

+ walkl,ntpr,aocc.plrs,plrn,prlile,lotcost,autu-,atalls

+ ,cvntp,prblin,rvnn,1ymn,ddnn,brvmn,bphr,optpl,
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+ p,optpz,busll,huald,busls,buszo,plc,lhov,plus,busocc,
+ otaz,prnunm

common /various/codal,codez,coda:,cnde4,pclcl,pc1c3,p:lusl,pclus3,
+ pclus4,scl,sc3,susl,suss,sus4,pchov,spll,tv,tw,rpcr
common /autocom/ rmtor,rmtol, rmtod, ryr, rgl, rgd, pgr, potor,

+ 8r,sd,rpcd, rar,ral, rad

data scale/.837/
data pldn,plds/.7,1.1/
pcr=rpcr
pcd=rped
Arsrar
al=ral
ad=rad
if (cocc.eq.0) coccms.3
dcp2=(aocc-1}*,.08133
if{dcp2.1t.0.) dep2=0.
if (plra.eq.0) then
plr=gcale*plrn
else
Plr=plrs
andjf
if(plr.eq.0.) plr=0.5%
if(plr.gt.1r) then
plrr=lr
plrl=plr-1r
alsae
plrr=ply
plrl=0.
endif
if(prnum.le.s} then
pld=pldn
elsa
pld=plda
endir
nile2=plr+prmile+pld
v=avgine/(2085,0%tv)
vw=avginc/(2085.0+%tw)
if(code2.eq.2) then
v=0,
vw=(,
endif
pratpw=5.0/60.0
pll=prmile-pid
if (mfpr.eq.2} then
p=0.7
eigseif (mfpr.eq.2} then
p=.14
endif
if {mfpr.eq.3) cvetp=5
ir (mfpr.eq.2.and.cvetp.aq.0) cvetp=]
ir (cvatp.eq.7.or.cvetp.eq.0) cvatp=3
ir (vetp.eqg.7.0r.vatp. eq.0) vetp=3
mtol=rmtol (cvetp)
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mtor=rator(vatp)
Atorl=ratol (vetp)
atod=rmtod (cvetp)
gl=rgl (cvetp)
gdwrgd (cvatp)
gr=rgr(cvetp)
ir(codnl.nq.Z) thean

ntor=Q,

mtorl=0,

mtol=Q,

ntod=Q,

gr=a,

gl=Q,

qd-o »

ar=Q,

al=Q,

.d-o -

p=0.
andig
ig (lhtp.eq.l.or.lhtp.oq.zj then
pcle=pclel+per
pclus=pclusl+per
sus=susl
elsalr {lhtp.eg.3} then
pele=pclei+per
pPclus=pclusi+per
sus=gusl
elseif (1lhtp.eq.4) then
PClc=pclei+per
Pclus=pclusi+per
Sus=sus4i
endig
Plc2=plc-lhov
ir (Plrr.gt.5.0) then
arfcr=6.0/plrr+l.o
arfcl=l,0
arfcd=1.0
else
arfcr=3,4-,24%plry
ir ((p1r+p11).gt.5.0) then
arfcl-(.24*p1r*'2-2.4*p1r+6.0)/pll+1.0
arfcds=1, 0
else
artcl-s.&-.z4*(p1r+pll)
ir ((Plr+p11+1d).gt.s.0) then
arfcd-(.24*{p1r+pll)*t2-2.4*(plr+p11)+6.0)/1d+1.0
alse
arrcd-3.4-.24*(p1r+p11+1d)
endif
endir
endifg
if (coded.eq.l) then
Prpk=lotcost/autos
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alseif (coded4.eq.2) then
prpk=lotcost/stalls
elseif (coded4.eq.3) then
pPrpk=0.0
endif
prapcl=(pchov*lhov)+(pclc#oplc2) +(pclus*plus)
if(code3.aq.2) then
pcr=0,
prapcls=0.
pcd=0.
pclus=0.
andit
gr=gr*pgr
mtor=mtorspmtor
gl=gl*pgr
mtorl=mtorl*pator
prcr—(dcp2+p1rr/sr+p1r1/sus)*v+(pcr+mtor+ar+gr*arrcr)*plrr/aocc
c+(pclus+ntor1+n1+g1*artcl)*plrl/aocc+.5*(prpk/aocc)
prautc=pratpw*vw*cocc+(pll/spll)*v*cocc
c+(per+mtol+al+ (glrartel) ) spll+prapcl
c+((1d/8d) *v+({att/60.0) *vw) ) *cocc
c+(per+pcd+ntod+ad+gdrarfcd) *1d+p/2.0
pratrip=prautc/cocc+prer
cost2=pratrip
timel-(dcp2+p1rr/sr+p1r1/sus+p11/sp11+ld/sd)*v
time2=(pratpwtatt/60.) *vy
time=timel+time2
publ-(prapcl+pcd*1d)/cocc+pclus*p1rl/aocc
pubz-pcr*plr/aocc+pcr*(prmile+1d)/cocc
pubspubl+pub2
autol-gr*arfcrtplrr/aocc+(gltarfcl*pll+gd*arrcd*1d)/cocc
+ +(gl*arfcl#*plrl) /aocc
autoz-(mtor*plrr+mtor1*p1r1)/aocc+(nto1*p11+mtod*1d)/cocc
auto3=(ar*plrr+al*p1r1)/accc+(altp11+adt1d)/cocc
aayto=autol+auto2+autol
park=,5*prpk/accc+.5%p/cocc
bus=0.
prautc=time+pub+aauto+park
return 1
raturn
end
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APPENDIX D
TRIP COST MODEL OUTPUT TABLES

The following tables are a sample of the trip cost model output. This particular

run included the following values for the primary parameters;

Value of in-vehicle time = one-third the commuter’s hourly wage rate.
Value of out-of-vehicle time = 2.5 times that of in-vehicle time.

"Peak period" highway costs.

No congestion costs.

AAA auto costs.
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