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Abstract

As Intelligent Transportaion Systems (ITS) technologies mature and become ready for
deployment through use of regular funding sources, ITS will need to becomefully
integrated into the established transportation planning process. This process involves
choices among competing projects within financial and other constraints. ITS
components will in many cases be combined with more conventional transportation
components as part of an aternative to address a specific transportation problem. This
raises many guestions about how to select and evaluate I TS projects as an integra
element of traditional transportation construction projects. In addition, transportation
planners often have less experience with ITSthan with other types of transportation
improvements, and henceanalytical techniques that adequately addressthe ITS
component have not been devel oped.

To address these issues the I TS Joint Program Office (JPO) of the United States
Department of Transportation (USDOT) tasked Mitretek Systems to investigate the
incorporation of I TS intothe transportation planning process. To accomplish this task
Mitretek initiated a multi-year, two-phase study gfort. The goal of thestudy was to
develop a methodol ogy for public sector investment analysis. The methodology nesded to
be able to analyze ITS investments and to produce case-study based estimates of the
relative benefits of I TS infrastructure investments versus conventiond transportation
investments. A goal objective of the study was to identify areas where improved methods
or tools are needed for this type of analysis.

This report documents an analysis methodol ogy, the Process for Regional Understanding
and EValuation of Integrated ITS Networks (PRUEVIIN), that meets thesegoals. It also
provides results from the application of this methodology. The study was doneusing the
structure of aMajor Investment Study (MI1S) of transportation alternatives for the area
north of Seattle, Washington.

KEYWORDS: ITS, simulation model, regiona planning model, mgor investment study,
aternatives analysis, corridor planning study, Benefit/Cost analysis, I TS costs,
PRUEVIIN.



Foreword

Thisisthefinal report on the Seattle Case Study. It includes and replaces the earlier
drafts that provided adiscussion of major study d ements. namely, drafts dated May 1997,
June 1997, and March 1998. The main differences between this final report and the March
1998 draft are: this report includes results from the analysis of all five alternatives; a
revised executive summay, abstract and acknowledgement; new section 7.9 Cost of
Alternatives; and revised section 8.0 Validation. Other new sections indude section 9.0
Summary of Results and section 10.0 Lessons Learned. Appendix B, Detail Alternetive
Cost Worksheets, has also been added.



Acknowledgments

Mitretek Systems would like to acknowledge the following persons and organizaions for
their guidance and support in the conduct of this study.

Paula Ewen and Mac Lister of HVH, our task managers at the Federal Highway
Administration (FHWA) ITS Joint Program Office (JPO).

Theinternal US Department of Transportation (USDOT) advisory team of Doug Laird,
Brian Gardner, and Sam Zimmerman of HEP, John Gerner of HTV, and Ron Fisher and
Charlie Goodman of the Federal Transit Administration (FTA). This group provided
input on the overall task scope and reviewed project progress and final results.

Karen Richter, Robert Sicko, Nick Roach, Larry Blain and their staff at the Puget Sound
Regional Council (PSRC), Pete Briglia of Washington State DOT (WsDQOT), and all
other members of the Sedtle Advisory Panel. This panel was formed early in the task to
provide advice on the definition of the alternatives to be studied and to assess the
applicability of the find methodologies for use by state and local governments. A
complete list of organizations and contacts is provided in Appendix A of thereport.

Parsons Brinckerhoff Quade & Douglas (PBQD) and CH2M Hill, our sub-contractor
team in the Seattle area. Specifically, we would like to acknowledge Chris Wellander,
Cathy Strombom, Y oussef Dehghani, Murli Adury, Tim Bevan and Stephanie
MacLachlan. Thisteam provided theinitial transportation networks for all of the
alternatives; developed and executed the cast methodology; provided locd coordination
with transportation agendes, state and local governments; and provided sgnificant inputs
to, and review of, thedrafts and the final report.



SECTION PAGE
1 INtrodUCtiON ...t 1-1
1.1 Study Background. ... ... e 1-1
1.2 Useof CaseStudy Approach ......... ... ... 1-2
1.3 Scopeof ThiSStUdY .. ... ...t e 1-3
1.4 Report Organization . .. ........ouurit i e 1-4
2 Corridor Planning Studies. . ...t e e 2-1
2.1 INrOdUCHION . . .ot 2-1
2.2 Corridor Planning Study Components . ............c.oouiinenaianan... 2-2
2.3 SUpPOrting ANalYSIS . ..ot 2-5
3 ITSConsiderationsin Corridor Planning Studies . .................... 31
31 Overview Of MISPrOCESS . . ..ot it 3-3
3.2 Initiation, Problem Definition and Measures of Effectiveness............. 35
3.3 Alternative Definition ISSUES . .. ... ..ot 3-6
34 ANalYSISISSUES . ..o 3-10
35 SUMMANY .. 3-14
4 Seattle Case Study OVErVIEW . ..ottt ae 4-1
4.1 Study Objectivesand Characteristics ..., 4-1
4.2 Study APProach .. ... 4-2
5 Selection of Study Corridor .......... .. e 5-1
51 Selection of Study Corridor . ......... . 5-1
52 Problem Statement . ......... .. 5-11
6 AlternativesConsidered . ....... ... 6-1
6.1 Principlesfor Alternative Development ............................. 6-1
6.2 Development and Initial Screening of Alternatives ..................... 6-2
6.3 Descriptionof Final Alternatives . ........... .. i 6-6

TABLE OF CONTENTS

vii



7 ANalySISAPProach . ... 7-1

7.1 Goalsand OVerVIEW .. ..ot 7-1
7.2 AnalySiSFramework . ........ ... 7-3
7.3 Regional Travel FOreCastS . . .. ..o vi i e 7-13
7.4 SubareaTravel SImulation . ............. i 7-34
7.5 Regional Model to Subarea Travel Simulation Interface ................. 7-37
7.6 Representative Day ScenarioDevelopment . ............ ... ... ... ..., 7-46
7.7 ITSService Representation . .. ...ttt 7-65
7.8 Cost Methodology and Assumptions . ..., 7-77
7.9 Costof Alternatives .. ...t 7-80
8 ProcessValidation . ............ i 8-1
8.1 EMME/2 Regional Model Validation................ ..o, 8-1
8.2 INTEGRATION Sub-Area Simulaion Model Validation ................ 8-3
8.3 ScreenlineVolumeValidaion ............ .. ...l 8-4
8.4 Cadlibration Against Observed and Simulated Flow Rates .. .............. 8-7
8.5 Peak Period Travel TimeVariability Calibration .. ..................... 8-9
9 AlternativesEvaluation . ............ i 9-1
9.1 Impact Summary Tables . ... ... 9-1
9.2 DONothing/TSM VS ITSRICh ... ... e 9-5
9.3 SOV Capacity Expansion vs. SOV Capacity Expansion PlusITS.......... 9-25
9.4 HOV/Busyway vs. HOV/Busway PlusITS ........... ... .. ... ..iut. 9-40
10 LessonsLearned: Issuesand Observations . ..., 10-1
10.1 Alternative Definition ............ . i 10-1
10.2 Model Integration and CONSIStENCY .. .. oo 10-3
10.3 Large Scale SImulation ISIUES . .. ...ttt 10-16
10.4 Scenario Development . ......... .. 10-21
105 Feedback . . ..o 10-25
10.6 COStING .ot i ittt e e e e 10-30
10.7 DaAtalSSUBS . .. oot 10-32
10.8 Resource Useand AnalysisEffort ........... ... . .. 10-33
List of References RE-1
Appendix A: Seattle Project Advisory Team A-1
Appendix B: Detailed Altemative Cost Worksheets B-1

viii



List of Figures

Figure

ES-1
ES-2
ES-3
ES-4
ES5
ES6
2-1
3-1
3-2
4-1
5-1
5-2
6-1
6-2
6-3
6-4
6-5
6-6
6-7
6-8
7-1
7-2
7-3
7-4
7-5
7-6
7-7
7-8

Page
Detailed Analysis Areafor theNorth Corridor ............ ... ... ... ... ..... XXiil
Description of Alternatives . ... e XXIV
AnalysisMethodology Overview . ........... i XXV
Representative-Day Scenarios Weather and AccidentsView .................. XXVil
Representative-Day ScenariosDemand View ........... .. .. ... XXVii
Minutes of Delay Reduction: SOV +ITSvs. SOV ......... ..o iiiiiian.. XXXil
MIS and the Transportation Planning Process . . . ... i i 2-2
Major Phases of aMajor Investment Study . .. ......... ... 34
ITSand MISAIEINALIVES . .. ..o e 3-8
Phase 2 ITSCase Study Approach .. ...t e 4-3
The North Corridor in Regional Context . ...t 5-8
The Detailed Analysis Areafor the North Corridor ........................... 5-9
Alternatives Development Approach for SeattlelITSCaseStudy . ............... 6-7
ITSRich Alternative ATMSPlan (Part A) .. ... oo e 6-14
ITSRich Alternative ATMSPlan (PartB) ............ . . 6-15
ITSRich Alternative Trangit Priority Plan ............. ... ... .. oo, 6-16
SOV Capacity Expansion Altemative . .......... ...t 6-25
SOV Capacity Expansion PlusITSAlternative. .. ... ... 6-27
HOV/Busway Alternative: Roadway Improvements/HOV Direct Access ......... 6-28
HOV/Busway Alternative: Regional ExpressBus Service ..................... 6-31
ANAlYSISFIOW OVEIVIBW . ..o e 7-6
Importance of Scenario Definition. .......... ... 7-8
Importance of Scenario Definition. . ........... . 7-10
Travel Forecasting ProcessDevelopment ..., 7-15
Regional Travel Forecast Areaand Traffic AnalysisZones .................... 7-16
Regional Forecast Network . ...... ... o 7-17
Overview of PSRC Regional Land Use/Transportation Forecasting Process . . . . . .. 7-19
Regional Travel Forecasting Processfor CaseStudy ........... ... ... ...... 7-20

iX



7-9

7-10
7-11
7-12
7-13
7-14
7-15
7-16
7-17
7-18
7-19

9-10
9-11
9-12
9-13
9-14

Detailed Network Coding GEOMELry . ... ...t 7-28

Iterative Approach inthe HOVSHIFT Framework ........................... 7-37
Subarea Simulation Traffic Analysis Zones and External Districts .............. 7-39
Simulation Network . . .. ..o 7-40
Subarea Simulation Network .. ... ... 7-41
Regional Travel to Subarea Simulation Interface Overview .................... 7-42
Seattle Area Case Study Representative Day Scenaio .. ...t .. 7-49
Conceptual RepresentativeDay Scenario Definition. ......................... 7-51
1994 and 1995 Average Weekday 24 Hour Volumes . ...............covin... 7-61
Accident and INCIAENtLOCALIONS . . . .. ..ottt 7-67
Ramp Meter Representation . ....... ..ottt 7-70
Time-Variant Demand Peaking Pattern . ............ ... i, 8-5
L ocation of Bottlenecks, Early AM Peak, Non Recurrent Conditions ............. 8-7
Sample Time-Variant Link Volume, Simulated vs. Observed . .................. 8-9

Observed Travel Time Variability, 1-5 Freeway (Alderwood Mall to Mercer Street) . 8-11
System Variability Calibration, Southbound 1-5, Alderwood Mall to Mercer Street . 8-13

SCreen LineLOCALIONS . . . ..ottt e 9-12
Regional Area Definitionsfor AM Non-Carpool Vehicle Statistics .............. 9-13
Regional Area Definitionsfor AM Person Trip Statistics ... ................... 9-14
Evaluation Scenarios Shaded by Roadway Supply Impacts . ................... 9-15
Evaluation Scenarios Shaded by Travel Demand Impects . .................... 9-16
Minutes of Delay Redudion: ITSRichvs. Do Nothing/TSM ................... 9-20
Percent Dday Reduction: ITSRichvs. Don Nothing/TSM .................... 9-20
Increasein Throughput: ITSRichvs. DoNothing/TSM ....................... 9-21
Reduced Risk of Travel Delay: ITSRich vs. Do Nothing/TSM ................. 9-21
Vehicle-Km of Travel by Speed-Range: ITS Rich vs. Do Nothing/TSM .......... 9-22
Stops Per Vehicle-Km of Travel: ITSRich vs. DoNothing/TSM ............... 9-22
Minutes of Delay Reduction: SOV + ITSVvS. SOV ... ...t 9-35
Percent Delay Reduction: SOV +ITSVS. SOV . ... .ot 9-35
Increase in Throughput SOV + ITSVS. SOV .. ... i 9-36



9-15
9-16
9-17
9-18
9-19
9-20
9-21
9-22
9-23
10-1
10-2
10-3
10-4
10-5
10-6
10-7
10-8
10-9

Reduced Risk of Travel Delay: SOV +ITSvs. SOV . ... 9-36

VehicleeKm of Travel by Speed-Range: SOV +I1TSvs. SOV .................. 9-37
Stops Per Vehicle-Km of Travel: SOV +ITSvs. SOV ... 9-37
Minutes of Delay Reduction: HOV + ITSvs HOV .......... ... ... ... . ..... 9-49
Percent Delay Reduction: HOV + ITSVS. HOV ... ... .. ... 9-49
Increasein Throughput HOV + ITSVvS. HOV ....... ... ... . .. 9-50
Reduced Risk of Travel Delay: HOV + ITSVvS. HOV ........... ... .. .. ...... 9-50
Vehicle-Km of Travel by Speed-Range: HOV + ITSvs. HOV ................. 9-51
Stops Per Vehicle-Km of Travel: HOV + ITSvSHOV ........................ 9-51
Link Representation and Network Resolution ............... ... ... ... ..... 10-7
Simulation Focusing and Sketch Network Definition ....................... 10-12
Regional and Sub-area Simuation Validation Relationships .................. 10-15
Generalized Relationship between Demand Density & OD Paris .............. 10-21
Relationship between OD Pars, Vehicles Generaed, & Total Demand . ......... 10-22
Hourly Correlation of Weather and Accidents ............. ... ... ... .. ..., 10-24
Seattle Case Study Feedbadk Process . ... e 10-26
Feedback Origin - Destination Impedance Adjustment .. .................... 10-27
Impact of Feedback on Travel Patterns (ITS Rich With and Without Simulation

Feedback) .. ... 10-28

Xi



List
Table

ES-1
ES-2
ES-3
5-1
5-2
6-1
6-2
7-1
7-2
7-3
7-4

of Tables

Page
Alternatives CompariSon OVEIVIEW . . ..ot i it e e XXIX
Alternatives Comparison Summaries. SOV without ITSvs SOV withITS ......... XXX
Selected Sub-arealmpects: SOV vsSOV +ITS .. ..o XXXI
Corridor Selection Charecteristics (multiplepages) ............. ... ...t 5-3
Corridor Evaluation Matrix . .. ... 5-7
Do Nothing/TSM Baseline ITS Elaments (multiplepages) ..................... 6-9
ITS Rich Alternative Improvements (multiplepages) . .. ..., 6-17
Impact Measures for Alternative Evaluation . ........... .. ..., 7-5
Additional Facility TypesfarCaseStudy ........... ... 7-25
Link AttribULES . . ..o 7-26
Summary of ExtraLink Attributes . .......... ... 7-27
Mode 7-5 Mode Choice Utility Coefficients .. .. ......... ... ... ... 7-31
Time-of-Day Conversion Factors . ...... ...t e 7-32
Distribution of Peak Periodsby Weather Indicator (1994 - 1995) ............... 7-56
Weather Even/Non-event Criteriaby Weather Indicator .. ..................... 7-57
Accident and Incident Statisticsfor SeattleArea. . ........... .. ... .. ... 7-58
Event/Non-Event Incident Criteria ............ i 7-59
Event/Non-Event Minor Acddent AnalysiS . ...t 7-60
Event Probabilities ACrosSSDIMeNSIONS . . .. .ot e 7-63
Scenario Representation Within Subarea Simulation . ........................ 7-64
Subarea Simulation Scenario Incident and Accident Definitions ................ 7-66
Model Representations Used To Analyze ITS Strategies . ................o ... 7-68
Coordinated/Adaptive Signal Control Network Assumptions. . ................. 7-72
Capital/O & M Cost Assumptions for Case Study (multiplepages) . ............. 7-81
Incremental Capital Cost Estimates by Alternative North Seattle Case Study . . . . .. 7-88

Xii



7-20

81
8-2
o1
9-2
9-3
9-4
9-5
9-6
9-7
98
99
9-10
9-11
9-12
913
9-14
9-15
9-16
9-17
9-18
9-19
9-20
9-21
9-22
9-23
9-24

Annualized Incrementd Capital, Operations & Maintenance Cost Estimates - North

Seattle Case StUAY . .. ..ot 7-92
Validation Against Regional Screenline . ............ . i 8-5
Simulated and Observed Flow Ratesin the Simulation Subarea . . ................ 8-8
Alternatives Comparison Summaries: Do Nothing/TSM vs. ITSRich ............ 9-2
Alternatives Comparison Summaries: SOV without ITSvs. SOV withITS ........ 9-3
Alternatives Comparison Summaries: HOV/Busway with ITS. . ................. 9-4
Detailed Comparison Summary, ITSRich Vs. Do Nothng/TSM ................ 9-5
Daily Person and VehicleTrip Comparisons . ... 9-8
Daily Vehicle MilesandHours Traveled ........... ... ... . i, 9-8
Daily Person Milesand Hours Traveled . .......... .. .. .. 9-9
AM Peak Person and Vehide Trip Comparison ............c.couiiiininennan... 9-9
AM Peak VehicleMilesand Hours Traveled . .......... .. ... .. 9-9
AM Peak Person Milesand Hours Traveled .......... ... ... . ... 9-10
AM Peak Regional and SubareaVehicleTrips . ......... .. ...t 9-10
AM Peak ScreenLineVehicleVolumes ............ .. i, 9-10
AM Peak Non-Carpool Tripsto, From, and Throughthe Subarea ............... 9-11
AM Peak Non-Carpool Person Trips Fromand TotheSubarea . ................ 9-11
Detailed Comparison Summary, SOV + ITSvs. SOV ... ... ... oo, 9-25
SOV/SOV With ITS Daily Person and Vehicle Trip Comparison ............... 9-28
SOV/SOV With ITS Daily Vehicle Milesand Hours Traveled ................. 9-29
SOV/SOV With ITS Daily Person Milesand Hours Traveled .................. 9-29
SOV/SOV With ITS AM Peak Personand Vehicle Trip Comparison ............ 9-29
SOV/SOV With ITS AM Peak Vehicle Milesand Hours Traveled .............. 9-30
SOV/SOV With ITSAM Peak Person Milesand Hours Traveled ............... 9-30
SOV/SOV With ITS AM Regional and SubareaVehicle Trips ................. 9-30
SOV/SOV With ITSAM Peak Screen LineVehicleVolumes .................. 9-30
SOV/SOV With ITS AM Peak Non-Capool Vehicle Trips To, From & Through the

SUDAIEA . . . . ottt 9-31

Xiii



9-25

9-26
9-27
9-28
9-29
9-30
9-31
9-32
9-33
9-34
9-35

9-36

10-1
10-2
10-3
10-4

SOV/SOV With ITS AM Peak Non-Capool Person Trips From and To the

S = = 9-31
Detailed Summary, HOV/Busyway vs. HOV/Busway PlusITS................. 9-40
HOV/HOV with ITS Daily Person and Vehicle Trip Comparison ............... 9-43
HOV/HOV with ITS Daily VehicleMilesand Hours Traveled ................. 9-44
HOV/HOV with ITS Daily Person Milesand Hours Traveled . ................. 9-44
HOV/HQV with ITS AM Peak Person & Vehicle Trip Comparion ............. 9-44
HOV/HOV with ITS AM Peak Vehicle Milesand Hours Traveled .............. 9-45
HOV/HOV with ITS AM Peak Person Milesand Hours Traveled . .............. 9-45
HOV/HOV with ITS AM Peak Regional and SubareaVehideTrips............. 9-45
HOV/HOV with ITSAM Peak Screen LineVolumes ........................ 9-46
HOV/HOV with ITS AM Peak Non-Carpool Vehicle Trips To, From & Through the
W = = 9-46
HOV/HOV with ITS AM Peak Non-Carpool Person Trips From and To the

S 7= = 9-46
Regional Planning versus Simulaion Model Comparison ..................... 10-8
Study Simulation Network & Computing Parameters. .. ..................... 10-17
Example of Average Input and Output File StorageReguirements. .. ........... 10-18
Seattle Case Study Impedance Change For Feedback ........................ 10-27

Xiv



Executive Summary Outline

INErOdUCHION . . .. e e e XVi
Key Study Accomplishments. . ... XVi
Observations on Methodology Development and Application .................. XViil
Background . ... ... XiX
Case Study APProach . . ..o XXi
SOOI . ottt XXI
Study Corridor DesCription . . ... XXii
Overview of PRUEVIIN .. ... e XXIV
Key Alternative AnalysiSResUItS . ... XXVi

Representative-Day ScenarioExample . ......... ... .. ... L. XXVi

Measures of Effectiveness . ... XXVili

Pair-Wise ResUItS .. ... XXVili

Observations on Alternatives AnalysisResults . . .. ................... XXXii
Potential Next StepS . . . ..ot XXXI

XV



Executive Summary

Introduction

The goals of this study were to develop a methodology for incorporating Intelligent
Transportation Systems (ITS) into the transportation planning process and apply the
methodol ogy to esitmate I TS costs and benefits for one case study. A major result from
the study included the development of an analysismethod for quantitatively ng
ITS impacts, called the Process for Regional Understanding and EValuation of Integrated
ITS Networks (PRUEVIIN). Other significant results include the assessment of benefits
from an integrated set of ITS services at theregional and corridor level, and lessons
learned about incorporating I TS into the planning process. The following sections set the
context for and providea summary discussion of these findings.

Key Study Accomplishments

1. Developed an analysis methodology (PRUEVIIN). PRUEVIIN evaluates theunique
aspects of ITS strateg es (impacts/benefits/costs) along with more traditional corridor
improvements. Traditional corridor alternatives have in the past focused on capacity
and other improvements designed to relieve expected or recurrent congested
conditions. The techniques have focused on average travel and conditions. However,
many of transportation problems, delays, and congestion that occur in the real world
are the result of non-recurrent incidents or operational inefficiencies. Traditional
corridor study methods and measures of effectiveness tend to be insengtive to
solutions such as I TS strategies designed to addressproblems arising from these non-
recurrent and operational issues. I TS strategies focus primarily on improving
operations and the transportation system’s response to changing conditions,
improving reliability of thesystem and letting travelers know the true condtion of the
transportation system.

A goal of the study was to develop a set of integrated methods that incorporate in the
analysis the types of problems and solutions that I TS strategies are attempting to
remedy. This includes the system’ s response to varying non-recurrent conditions and
the impact of information. Another important aspec of this same goal was to
implement the process in an integrated framework that can analyze the net effect of
the traditional and ITS dementsin an overall solution to the corridor’ s transportation
needs. Thisis especially important since the impads of each element (ITS and
traditional) in an overall corridor solution may interact, producing results that are not
simply the sum of the individual element improvements. The PRUEVIIN
methodology accomplishes thisgoal.

For the study an existing commercial planning model (EMME/2) and simulation
model (INTEGRATION) were used. The INTEGRATION model supports analysis of
trips from each origin to each destination (simila to the regional models) but can also
trace how vehicles actually move through the network. The ability to trace individual
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vehiclesis a key feaure for incorporating mode choice, route guidance, and other ITS
strategies into the andysis. Key elements of the methodology are the capture of both
ITS and traditional transportation improvements in both of these models; the interplay
of the models to assess corridor improvements in the context of aregiond network;
and the development of aseries of scenarios(representative travel days) to capturethe
conditions and effectsof non-recurring congestion.

In this study the PRUEVIIN methodology was applied for an analysis year of 2020 (a
typical 20 year planning time-frame), but the methodology can also be used for any
time horizon, as well as for the conduct of near term “what-if” analyses by operational
personnel. Since the inception of the study, PRUEVIIN has been used to support the
Metropolitan Model Deploymert Initiative (MMDI) evduation program. A study in
the Seattle area using the same sub-area was conducted for a harizon year of 1997-98
(ITSImpacts Assessment for Seattle MMDI Evaluation: Modeling Methodology and
Results, Mitretek Systems, June 1999).

2. Produced Measures of Effectiveness (MOE'’s) for comparing alternatives. These
measures reflect typical MIS issues and also capture the impacts of ITS strategies. A
key phase in any MISisthedevelopment of the MOE’ sthat are used to evduate the
alternatives under study and reflect the issues/concerns of those in the community
making the decision. Typically, measures of transportation service, costs, mobility
and system performance, financial burden, and environmental/community impacts are
considered. These measures, however, areusually only calculated based upon the
average weekday or expected conditions. Vaiation in conditions (e.g. travel demand,
weather, accidents) and the transportation system’ s response to them is not part of the
analysis and consequently does not enter into the decision process. Incorporating
variation in conditions is key to showing the benefits of ITS and other strategies
focused on improving the operation of the system. In the study several new MOE’s
were analyzed that are more representative of the impacts of ITS. These new
measures include reduction in travel time variability, probability of a severely delayed
trip, vehicle-km travd ed at various speed ranges, and number of stops per vehicle-km
traveled.

3. Developed representative-day scenarios. A methodology was developed to determine
the number and characteristics of the representative-day scenarios necessary to
capture the variationin conditions and the effects of non-recurrent congestion.
Previous studies have shownthat I TS strategies can have significant impad on
anomalous traffic condtions that, even though they are relatively rare, can contribute
a disproportionate amount of delay and other costs. To assess the altemativesin this
study that include ITS straegies, the analysis had to incorporate these anomal ous
traffic conditions. Sincethe network simulation modd is capable of representing
time-varying conditions, the AM peak travel conditions are characterized into a
reasonable sample of scenarios that are both typical and anomalous of conditionsin
the study area.
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Each scenario represents a combination of conditions common to the study area that
may lead to the travele experiencing very different conditions and possibly a
different travel chace. The characterization of the sub-area conditions and the
scenarios was obviously constrained by available data. These considerations focused
attention on the following charaderistics: traffic/trip volumesand their gpace-time
patterns; weather conditions; and the effect of accidents and other incidents on traffic
conditions. For the Seattle study it was determined tha 30 scenarios were required to
capture the yearly range of day-to-day vaiationsin travel conditions. The probability
of occurrence of each scenario during the year was also determined. For each of the 6
alternatives, the full set of scenarioswas run. The resultant MOE' s were then
multiplied by the probability of the occurrence of the scenario. This produces an
annualized value for each MOE. This annualized roll-up allows the even-playing-field
examination of 1TS elements alongside traditional capacity improvements.

Devel oped techniques to measure and calibrate the simulation model. This calibration
approach accounted for the within-day and theday-to-day travel timevariationsin the
transportation system. Thisisimportant because if system variability is overdated,
then ITS-related bendits associated with adgptive control or ATIS will likely be
overstated. Likewise, if system variability is understated, then the bendits of ITS
technologies will likely beunderstated. The techniques devel oped includethe use of
an 18-month archive of travel time estimates along the 1-5 freeway in Seattle,
collected at 15-minuteintervalsbetween 6:00 AM and 9:30 PM.

Observations on M ethodology Devdopment and Application

1.

It is possible using a reasonable amount of resources to integrate regional travel
forecasting and sub-area simulation analyses to capture the impacts of ITS and other
operational strategies. The Case Study has successfully interfaced the two model
systems for this purpose.

Simulation tools require additional levels of detail and representative coding than are
typically found in regional models. If accurate ssimulations are to be developed then
extratime must be spent in network checking and detailing to ensure that all models
represent the physical features of the system at the same level of precision. Likewise,
executing the integrated system (regional model + sub-area simulation + feedback)
will also require additional effort, especially when representative day scenarios are
used for the estimation of TS benefits.

There are increased needs for data collection to support the simulation tools beyond
the data collection associated with the support of travel demand models. Additional
information beyond what iscarried in the regional model systems will need to be
obtained, geocoded, and entered into the model system. Thisincludes data on signal
operational plans, time variation in demand, and the information on weather,
incidents, construction, ec. used to construct therepresentative day scenarios.
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4. The characteristicsand size limits the regional model and simulation model plaforms
used in the study were asignificant factor inthe design of the methodol ogy.
Understanding these characteristicsis crucial for properly transferring data between
the two platforms. One specific issue is the use of very short “dummy” links a
common practice in planning models. However, theseshort links are incompatible
with the high-volume freeway coding requirementsof the simulation model.
Therefore, in applying the methodology used in this study one needs to be aware that
each pairing of modeling systems will have its own st of issues that will have to be
examined.

5. There are aso inherent differences in operation and performance between regional
and simulation tools. Each represents travel and the behavior of individuds
differently. For example, regional models, especially in horizon year forecasts, often
have assigned volumes on links or across screenlines which exceed coded capacity
(the actual physical capacity of the facility). On the other hand, simulation models by
their design cannot assign volumes to links beyond their capacity. Since these two
models define capacity differently, special care must be taken. In the horizon year
analyses, one should therefore always check for this over saturation condition prior to
attempting a simulation run. The trips assigned over saturation can either be deferred
to outside the assignment period or diverted around the sub-area. In the study a
deferred trip measure of effectivenesswas defined to show thelevel of oversaturation
when it did occur. Theexplicit treatment of queuing in simulation and not in the
regional system presentssimilar issues. These differences in impedance calculation
led to the conclusion to only feedback the relaive changes between alternatives from
the simulation to the regional model. If absolute values from the simulation are fed
directly back into the regional model a discontinuity between links within the
simulation area and thosewithout is created.

6. Validationisacrucial step in developing an integrated model system. The regional
model system parameters and coding should be examined and modified to reflect the
new services under study. For example, if ramp meters are to be examined in the
analysisit isimportant to represent the bottlenedks in capacity due to traffic merging
for all unmetered intersections in the network. Thisis achieved by assigning a merge
bottleneck penalty to all intersections, and thenfor the ramp-metered intersections,
the merge bottleneck onthe main lanes downstream of the ramp isremoved. Thisisa
very different approach from simply increasing the capacity on the links downstream
of the ramp to above themid-link flow levels.

Background

AsITS capabilities become ready for deploymert through use of regular funding sources,
they will need to be integrated into the established transportation planning process. This
process involves choices among competing projects within financial and other
constraints. I'TS components will in many cases be combined with more conventional
transportation componentsas part of an alternative to address a specific transportation
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problem. This raises many questions about how to select and evaluate ITS projects as an
integral element of traditional transportation construction projects.

In addition, transportation planners often haveless experience with I TS compared to
other types of transportation improvements, and hence analytical techniques that
adequately address thel TS component have not been developed. In light of this, any
approach to study these issues has to include:

* Reviewing existing procedures and devel oping a quantitative investment andysis
methodology for state/locd use in transportation planning.

» Developing case study-based estimates of relative costs and benefits of I1TS versus
conventional investments.

* ldentifying where improved methods of project

To address these issues the I TS Joint Program Office (JPO) of the United States
Department of Transportation (USDOT) tasked Mitretek Systems to investigate the
incorporation of I TS into the transportation planning process. A review of current state-
of-the-practice revealed that consideration of ITSistypically notan integral part of
trangportation planning. Rather, ITS is considered an operational detail worked out after
infrastructure planning. In many cases I TS was considered too difficult to evaluate with
respect to transportation planning and then relegated to operational analysis because of a
lack of evaluation tools. In response to the JPO tasking, Mitretek initiated a multi-year,
two phase study effort. The goal of the study was to develop a methodology for public
sector investment analysis. The methodology neededto be able to analyzel TS
investments and to produce case-study based estimates of the relative benefitsof ITS
infrastructure investments versus conventional transportation investments. A secondary
goal of the study was to identify areas whereimproved methods or tools are needed for
thistype of analysis.

This study was conducted in two phases with the overall objective of both phases being to
identify how best to incorporate I TS into the transportation planning process. The phase 1
analysisinvolved alook & the current process of prioritization of projects addressing
many different transportation problems and needs across a region, such as those reflected
in the Transportation Improvement Program (TIP) approval process. Theseresults have
previously been published (Incorporating ITSinto Planning: Phase 1 Final Report,
USDOT, FHWA-JPO, Washington, DC, September 1997).

The phase 2 analysis facused on the devel opment and evaluation of alternative solutions
to a given transportation problem that, depending upon evaluation results, could then be
incorporated into the Transportation Plan and eventually the TIP. An exampleof thistype
of analysisis the approach taken when conducting a Mgjor Investment Study (MIYS).
Although this second type of analysis is the focus of this report, methodol ogies utilizing
cost and benefit information have been devel gped that are of valuein both types of
analyses. Phase 2 of thestudy started in July 1996 and selected the Seattie area to develop

XX



specific methodol ogiesfor the evaluation of project alternativesin the context of a MIS.
The results of this phaseare the focus of this report.

Case Study Approach

Rather than relying on ahypothetical transportation network and problem gatement,
Mitretek took the approach of conducting a case study. Specifically, we selected a sub-
region or corridor in the Seattle area that would be suitable for analysis, i.e., where
alternate solutions to a particular transportation problem can be developed, and where a
variety of ITS strateges are applicable. For illustration, if the problem to be addressed is
effects from congestion along an urban corridor, the list of alternative solutions might
include “do-nothing”, construct a new road, add lanes to existing routes, provide HOV
lanes, provide ramp metering, provide incident management systems, add bus or light rail
service, as well as combinations of these listed capabilities. In this study I TS services
were analyzed both separately and in combinaion with conventional construction
options.

The alternative solutions were examined in detail, in close coordination with alocal
transportation consulting firm with which Mitretek contracted to support the study
(specifically, the team of Parsons Brinckerhoff Quade Douglas and CH2MHill). The
study team developed an analysis methodology to adapt and extend conventional
transportation improvement modeling and impact analyses. The resulting methodology is
designed to be more sengtive to the impacts of theselected I TS strategies and to provide
for comparability across the evaluated alternatives. The analysis methodology devel oped
and its results were reviewed with planning staff in the region at vaious points in the
study to assess appropriaeness and usefulness.

Scope

For the purposes of this study, it was assumed that a M1 S type effort was needed as part
of the normal transportation planning process to assess specific alternatives to solve a
specific transportation problem in the Seattle area. The geographic scope of the study isa
large corridor or sub-area of the transportation network. This geographic context, which
parallelsthat called out in MIS guidance, allowsfor avariety of transportation
alternatives to be considered and eval uated, without being so broad as to dilute the
evaluation process with an intractable number of potential alternatives.

The range of transportation improvement projects considered in the study included
construction of new roads or lane miles, convertional signal installations, transit
improvements, Transportation Demand Management measures, Advanced Traveler
Information Systems, Advanced Traffic Management Systems, and Advanced Public
Transportation Systems. Thestudy scope did not include Automated Highway Systems or
Commercia Vehicle Operations.

The scope of the study does include the identification of a study area the definition of
alternatives to be considered, the development of specific analysisapproaches, and the
results from applying these analysis approaches. In our case we chose to evaluate several
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traditional transportation build alternatives in the corridor, with and without ITS
components. Simulation modeling and other analytical techniques were applied tothese
selected cases to quantify benefits and assess the alternatives aganst a common set of
measures of effectiveness (MOE's).

To support the decisions that must be made within the planning process, awidevariety of
analytical techniques are used to provide estimaes of the potential transportation impacts
and costs of alternative investment strategies. Analysis techniques differ in level of detall
and effort required to use them at different stages in the planning process (translating to
the amount of resources required). While all of these techniques are important and are
often used in combination in a conducting a planning study, this study focuses on the
analysis requirements of a corridor level planning study and makes extensive use of both
planning and simulation models.

Sincethisisafederdly sponsored study providing guidance for transportation plannersin
metropolitan regions, the specific alternativesassessed are not tied to “actual” Sesttle
decisions. The study has awider scope than the actual Seattle situation and considered
alternatives beyond thosethat might be supported inthe Seattle environment.

Study Corridor Description

The Sesttle I-5 North Corridor was selected for the case study. (See Figure ES-1) The
North Corridor contains the two primary continuous north-south routes into the Seattle
Central Business Digtrict (CBD), I-5 and State Route (SR) 99. The dominant traffic flow
direction is associated with commuting to and from the Seattle CBD and the areas
immediately south. However, these two routes also carry the significant contra-flow
traffic to Boeing-Everett and other points north of the Seattle CBD. Theseroutes provide
the only high capacity access of the six routes crossing the Ship Canal, the waterway that
bisects Seattle west of Lake Washington. The -5 North Corridor becomesa bottleneck to
mobility for Seattle’ s topographically constrained regional travel. Significant highway
capacity increases through construction are unlikely in the densely developed areas
extending north from the CBD and across the Ship Cand. The diversity of modesand
facility typesin the study corridor promotes theidea of using I TS operaional approaches.

In keeping with an MIS approach, a general problem statement is formulaed to guide the
identification of altematives, including ITS, and the measures of effectiveness for the
case study. The problem statement for the I-5North Corridor is“ Develop and evaluate
alternatives to reduce congestion and improve mobility along the North Corridor
extending from the Seattle CBD north to SR 526.”

In al, six alternatives including a baseline were analyzed for the target year of 2020. (See
Figure ES-2) The ITS Rich aternative contains significant improvements in advanced
traveler information services (ATIS), advanced traffic management systems(ATMS)
surveillance and signal coordination enhancements, transit priority, and incident
management. Two traditiond construction alternatives were also defined: major
improvements to a single-occupancy vehicle (SOV) expressway and a s¢ of high-
occupancy vehicle (HOV) plus busway improvements. These were analyzed alone and in
combination with the same package of ITS Rich improvements. For each alternative a
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Figure ES-2. Description of Alternatives

number of measures of effectiveness were calculated. All altematives were compared to a
Baseline (Do-Nothing/TSM). The dotted line leading from the ITS Rich alternative
indicates that the other ITS enhancements are derived from it, but each has been tailored
to complement the specific build option.

Overview of PRUEVIIN

The Process for Regiond Understanding and EV aluation of Integrated ITS Networks
(PRUEVIIN) was developed and applied as part of this study. PRUEVIIN is atwo-level
hierarchical modeling system for assessing the impacts of ITS at the regional and corridor
scale. (See Figure ES-3) At the higher (regional) level, the analysis of overal travel
patterns and the system’s response to averaggexpected conditionsis analyzed using a
traditional regional planning model. Output from this analysisis then fed into a more
detailed sub-area simulation model capable of modeling time-varying conditions and
demands, aswell asindividual vehicle-level cgpabilities and routing dedsions. At this
level, the detailed traffic operations, queuing, and buildup/dispersion of demand are
captured, as well as the real-time response of travelersto information. Feedback is then
carried out to ensure that the impacts to expected conditions, estimated in the sub-area
model, are reflected in the regiona analyss. In theory, one could model the entire region
using only a simulation model, but thisis not yet practical for desktop PCs and current
software. The EMME/2 planming model (macro scale) was used for the regional planning
model, and INTEGRATION 1.5 (meso scale) for the detailed simulation model. One of
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the challenges in the study was to devel op expertise in mapping both the inputsand
analysis results between the two modeling levels. The modeling system contai ns severad
pre- and post-procesors that manage the interfaces between the models and generate
results from model output daa. A unique approachis taken to account for the variability
in the transportation system. The weather, travd demand, and accident/incident rate
variation are analyzed for the corridor over a period of time. A set of representative-day
scenarios is developed that, when appropriately weighted, can be used to represent an
entire year. This step requires a trade-off between adequatdy capturing the variability in
these multiple parameters and still keeping the number of scenarios to amanageable
level.

The analysis process starts by building both the planning and simulation networks. In this
study the approved Puget Sound Regional Council (PSRC) 1990 travel demand modeling
process was used. Thesimulation model for the carridor/sub-area is generated from this
base network. A validation process was then conducted to validate that both models were
representative of the 1990 time period. Next each alternative is defined and coded in both
models for the horizon year, in this case 2020. Each aternative isfirst run in the planning
model and the appropriae performance measures generated. From this run a demand
table is generated for input to the simulation modd. The simulation model is then run for
each alternative with this demand and the representative-day scenarios. The appropriate
performance measures are generated far each scenario and then annualized across all
scenarios. Adjustments (feedback) between the two models are then made to ensure that
the benefits generated in the corridor are properly reflectedin the region.

Key Alternative Analysis Results

In order to understand the presentation of theresults from the altematives analysis, a
further explanation of the concept of representative-day scenarios and the specific
measures of effectiveness used in this study isrequired. Although thesetwo concepts
wereinitially presented in the discussion of key accomplishments, the next two sections
provide a broader description, along with afew examples.

Representative-Day Scenario Example

To account for the system variability, two years of travel demand, weather, and
accident/incident data in the corridor were analyzed. Using cluster analysis and other
statistical techniques, 30 separate representative-day scenarios were developed to reflect
these conditions. Figures ES-4 and —5 depict these scenarios. Note that each scenario
constitutes a combination of weather, accidentsincidents and travel demand. The size of
the box represents thefrequency of occurrence of the scenario during the year. For
example, using the two figures in combination indicates that scenario NE3 is a non-event
(no major incident), normal weather, and norma demand scenario. Scenario EG1
contains amajor incident, under good weather with demand 10% greater than average.
The scenarios are aranged in such a manner that those with extreme conditions are at the
edges of the figure (i.e. top, bottom and right-hand edge).
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We use this arrangement of scenarios to present the measures of efectiveness results for
each run of the alternative. Our results confirm the hypothesis that ITS is most beneficial
when conditions deviate from the norm. (i.e. those scenarios at the edge). The highest
levels of benefits ocaur for a number of measures of effectiveness studied in conditions of
above average demand and major incidents. In these cases, the information on alternate
routes, and the ability of the signal systems to respond to changing conditions provide the
highest level of benefits to the most travelers. Thiswill be further illustrated when the
results are presented.

Measures of Effectivenes

During the study we discovered that additional messures of effectiveness were needed to
properly represent the impact of ITS. A key phasein any MIS is the development of the
measures that are usad to evaluate the alternatives under study and that reflect the
issues/concerns of thosein the community making the decision. Typically, measures of
transportation service costs, mobility and system performance, financid burden, and
environmental/community impacs are considered. These measures, however, are usually
only calculated based upon the average weekday or expected condtions. Variation in
conditions (e.g. travel demand, weather, accidents) and the transportation system’s
response to them is not part of the analysis and consequently does not enter into the
decision process. However, incorporating variation in conditions is key to showing the
benefits of ITS and other strategies focused on improving the operation of the system.
Accordingly, in the study, several new measures were developed that are more
representative of theimpacts of ITS. Delay reductionis calculated as the difference
between the travel timein each scenario and free-flow (30% of average demand, no
accidents in the system, good weather) travel times. Throughput measures the number
trips starting in the time frame that can finish before the end of the peak period at 9:30
AM. Delay reduction and throughput measures are calculated for each scenario. An
annualized figure is then calculated by computing a weighted average of across all
scenarios. System coefficient of trip time variation is calculated by examining the
variability of travel for similar trips in the system taken across all scenarios. This statistic
isan indicator of thereliability of travel inthe corridor. Speed and stops across the
network are archived from each run from the whole AM peak period. Speed profiles are
then normalized by total vehicle-kilometers of travel in the system to create the statistic
percentage of vehicle-kilometers of travel by speed range. A similar technique is applied
to stops estimated by the ssmulation at alink level every 15 minutes producing an
expected number of stops per vehicle-kilometer of travel.

Pair-wise Results

The Alternatives Evaluation section of the repart contains a series of summary and
detailed tables that provide a pair-wise comparison of aternatives. The summary tables
provide descriptive information while the detailed tables provide the full range of both
regional and sub-area MOE'’s. The specific set of comparisons provided in the report are
indicated in Table ES-1.
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Table ES-1. Alter natives Comparison Overview

Section Pair-wise Comparison
9.1and 9.2 Baseline vs. Validation ITSRichvs. Baseline
Network
9.1and 9.3 SOV vs. Baseline SOV vs. SOV +ITS
9.1and9.4 HQOV vs. Baseline HOV vs. HOV +ITS

The following paragraphs will discuss some of theresults from one of these comparisons,
the SOV alternative.

SR99, which parallels I-5, is both an undivided arterial and a limited access freeway.
Under the SOV Capacity Enhancement alternative a significant portion of SR99 near the
Seattle CBD is converted into alimited access expressway. Table ES-2 summarizes the
SOV Capacity Enhancement alternative without and with I TS improvements. These
aternatives are characterized with respect to the 2020 Do-Nothing/TSM (Baseline)
aternative. The SOV alternative is characterized at the regional level as providing faster
travel times, particularly for trips that utilize the upgraded SR99 facility. At the sub-area
level, the upgraded SR99 facility demonstrates susceptibility to congestion under weather
or heavy demand cases. The result is that an expected improvement in annualized
throughput and travel time is not realized. The SOV + ITS alternative mitigates to some
degree the congestion conditions along SR99 under poor weather and heavy demand
conditions, and provides asignificant increasein annual sub-area throughput. At the
regional level, the ITS improvements increase total trip length and bring additional
demand into the sub-area.

The predominant trends & the regional level resulting from ITS enhancements to the sub-
area, arerelatively small in magnitude giventhat the sub-area where I TS implementation
is proposed is asmall subse of the region as a whole. Impacts on trips traversing the sub-
area, however, are significant. Regional trends from implementing ITS, gven the SOV
enhancements, include a shift from auto modes to transit (0.73%), an increase in sub-area
vehicle trips (0.72%), a decrease in regional vehicle trips (-0.30%), and an overall shift
toward longer trips.

Some specific annualized MOE' s drawn from the simulation sub-area analysis are
provided in Table ES-3. Impacts of the SOV + ITS dternative are illustraed as delay
reductions with respect to the SOV Capacity Expansion alternative. On an annualized
basis, average travder delay is reduced by 2.2 minutes per travder per day, from 13.86 to
11.65 minutes per travele per day. On an annualized basis, throughput in the SOV + ITS
alternative increases to 185,565 vehicles per AM peak period (6:15—8:30 AM trip starts)
from 168,338 vehicles. Thisincrease of roughly 13,223 vehicles per peak period
represents an increase in throughput of 10.2%. The coefficient of trip-time variation in
the SOV alternative is 0.39. Applying thisto atrip with an expected duration of
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Table ES-2. Alter nativesComparison Summaries. SOV without ITSvs. SOV with ITS

2020 Afernative Comparisoen Implications
S0V Capacity Expansion W ith ITS wersus W ithoutITS

Measure of
Effe ctive ness

Impactof
SO W ITS
from MoBuildd/TS M
(Base)

Impactof
S0V W ITS

from SOV W O ITS
[ TE AlL)

Alternative Summary

Regional Trawel: Trips, Mode Choice, Times, and Miles Traweled

O=ily Trawel

Owerall daily person trips remain the same

Shiftto walk to transittrips withinffrom the corridor, but drap
in long distance transitPark&Ride

Drop in trips within study area and increase in trips toffrom
the subarea especialy to CBD

Increase in D aily W

Oweralldaily person trips remain the same

Increase in transit person trips (slightly less than ITSRICH
increasze), and concomittantdrep in wehicle trips

Further reduction in within subarea trips and increase in trips
todfrom subarea.

Additionalincrease

Al Peak Period Trawel

Abhd Travel

Similar patterns as found in daily travel

Slight shiftin owerall transitresults from higher wak-to-transit
and drop in longer drive-to-transit

Much faster travel in SR-99 corridor causes owerall decrease
in travel times

Similar patterns as found in daily travel

Increase in transittrips but again =slighthy less than seen in
ITSRICH

Owerallincrease in travel conditions seen by =lightly longer
trips in fransitand wvehicle trips, and improwved times, speeds

Subarea Trips

Significantincrease in wehicle trips toffrom/fthrough the
subarea due to diversion to 5R-99

Improvements in SR-99 cause increase in subarea awerage
speads

Additionalwvehicle frips diverted to the corridor are the
greatest of any aternattive

Slight improvementin congested speeds due to more reliable
system

Sub Ares Impacts: DOelay Reduction, Reliability, and Lewel of Service

1AM Peak Period Travel

Higher sy=stem demand
Significantincrease in trawvel time wariability
Throughputincrease notconcomitantwith demand increase

Significant improwvements in traveltime wvariability and system

throughput
Changes particularly signficiantin weather or high demand

cendrio

Capital & Operating C asts

Costdrivers are:

Conwersion of 14 miles of urban arterial to urban expressway
Construction of nine new urban expressway interchanges
Construction of nine new grade separated arterial crossings
of the expresswayw

Capital costs to implement same elements as in ITS Rich
slighthy higher than for baseline due to increases in
communications and traffic management costs.

Environmental Imp acts

|Like|n maragindllv worse: jncredse jin high-speed sfops Likeb posifive: manwv fewer high-speed
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Table ES-3. Sdected Sub-area Impacts. SOV vs. SOV +ITS

Measure per Average AM Peak Period, SOV SOV + Change | % Change
North Corridor Sub-area ITS

Delay Per Vehicle Trip (min) 13.86 11.65 -2.21 -15.9%
Vehicle Throughput (finished trips) 168,336 185,565 +17,227 +10.2%
Coeffident of Trip Time Variation .39 .30 -0.10 -24.5%

60 minutes (normally distributed), a traveler woud have to budget just over 99 minutesto arrive
at the trip destination on-time 95% of the time. Inthe SOV + ITS case, thecoefficient of trip-
time variation is reduced to 0.30. Under the constraints of our example one-hour trip, the same
traveler would have to budget 89 minutes to arrive at the trip destination on-time 95% of the
time.

Figure ES-6 illustrates the conditions where the addition of ITS was most effective in terms of
absolute minutes of delay saved per traveler. The largest delay reduction occurs in scenarios with
incidents on SR99 (EG2) or I-5 (EG1), heavy demand scenarios (NE4, NE5, NE7, ND7, ND8),
and weather/accident combination scenarios (ES1 and EW4).

Thereason for ITS having alarge impact in this case is that the SOV Capacity expansion
aternative and the upgrade SR99 expressway facility can each becharacterized ashaving
“brittle” performance. When travel demand is close to average conditions or lighter than average
and weather conditionsare clear, the new SR99 expressway facility efficiently handles traffic
along itslength, both in terms of through movements and traffic exiting at grade-separated
interchanges with the adjacent arterial grid. Travel timesin thesecases are improved for trips
that typically use SR99. When the travel demand is high or capacity is reduced from weather
impact, the upgraded SR99 facility’ s performance breaks down to a point that travel times
actually exceed those associated with the pre-upgrade signalized arterial facility.

SR99 Expressway breakdownis afunction of the narrow right-of-way accorded the new facility.
The number of opportunities to exit the upgraded SR99 expressway facility and access the
adjacent arterial grid are reduced sinceonly a subset of the signalized intersections dong its
length havebeen converted to grade-separaed interchanges. This results in high off-ramp
utilization along SR99. Reliance on these off-ramps becomes problematic because they are
relatively short and end with signals. These short ramps cannot hold many vehicles attempting to
exit SR99, and if signal controllers at their terminus are set to relative long cycles, then we see
periodic queue spillbadk into the expressway facility. The simulation model accurately reacts by
severely crimping expressway carrying capecity when this condition occurs, resulting in backups
in the SR99 expressway mainine. These periodic breakdown become persistent breakdown
conditions when travel demand is high or under poor weather scenarios.
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Figure ES-6. Minutes of Delay Reduction: SOV + I TS vs. SOV

ATMS control as implemented in the SOV + ITS alternative helps to mitigate the impact of
SR99 breakdown. In these cases the adaptive signal control system sensesthe queue buildup on
the off-ramp and extends the ramp’ s green phase to flush vehicles dff of the ramp/mainlineand
onto the arterial grid. The minor arterials see worsened service as the green phase for the off-
ramp is progressively extended, but from a system perspective, keeping the SR99 mainline from
breaking down is the most critical factor in reducing overall delay.

Similar results are provided in section 9.0 of the report for the comparison of the ITS Rich
aternative to the Basdine, and the comparison of the HOV/Busway alternative with and without
ITSto the Baseline. Also, in this section detailed results for all the MOE’ sare provided.

Observations on Alternatives Analyss Results

Key attributes of how an alternative might perform under expected travel conditions (such asthe
brittleness of the SOV alternative) could not have been predicted using only the regional model.
Under normal conditions, the SOV alternative appears to have ample capacity at the SR99
interchanges. Since theregional model does not consider the periodic queue growth from traffic
signals or spillback, a breakdown along SR99 does nat occur. Clearly thereare non-1TS solutions
to the off-ramp problem: wider right of way at interchanges, revised interchange design, more
interchanges, etc. However, it islikely that these issues would not have been addressed until the
engineering design phase of the alternative. Knowing at the planning phasethat the new SOV
facility had this perfarmance characteristic is a critical element to either tailoring the alternative
definition or in the comparison of alternatives.
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Potential Next Steps

The goal of the study was to develop and demonstrate the use of a new methodology for
incorporating I TS into thetransportation planning process. We feel tha the methodol ogy
developed (PRUEVIIN) and the alternatives-analysis results contained in this report met this
goal. TheITS cost and benefit results provided herein are a significant addition to the store of
ITS knowledge. The PRUEVIIN methodology and the study results have been presented at
several conferences and at the Workshop on Methods to Modd | TS Impacts during the 78"
Annual Transportation Research Board (TRB) Meeting.

There are severd next steps for further use of this report and analyses using this methodol ogy,
each of which is discussed below. These include conversion of this report into more of a user-
guidance document, development of a training course to teach the methodology, and the direct
application of the methodology to an ongoing MIS

This report documents a three-year analytical effort. It provides richly detailed documentation on
methodology, and I TS cost and benefit results. However, it has some limitations. The document
iswritten as areport on the results of a study effort. It is not written in the form of a users
manual, providing comprehensive, ordered, guidance to a transportation planner who is
interested in the implementation of this methodology to achieve similar results in his/her region.
In addition this process was implemented in only onelocation (Seattle, Washington), and with
only one planning model (EMME/2) and one simulation model (INTEGRATION 1.5). Theset of
ITS Rich technologies wasalso fixed for the study. In addition, this study was done with the
knowledge of and cooperation of PSRC, the local Metropolitan Planning Organi zation (MPO).
They participated at the front-end of the sudy and reviewed theresults at the end of the study.
However, they werenot involved in the actud execution of the study or in the refinement of the
alternatives as the study progressed. The study is for a*“shadow MIS,” not an actual MIS. We
followed the MIS approach in terms of alternatives development, definition and impact
measures, but were not constrained by the need for public hearings and review of alterndives.

With these facts in mind, Mitretek recommends that the best way for transportation professionals
to learn this methodol ogy would be for them to receive some hands-on training. This could be
achieved by having an organization that is knowledgeable in the PRUEVIIN methodology to act
as technical advisor to actually add a sub-area simulation as described in this study to an ongoing
MIS. Thiswould accomplish several objectivesincludng: the individual staff & the
transportation agency would have first-hand experience with using the process, the process
would be left in-place at the agency for further studies, and the training organization would then
be in a good position to write a user-guidance document for the methodology. In addition,
additional knowledge would be gained by applying this process in a new environment, i.e.
different problem set, alternatives, and modds.
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An additional approach would be for Mitretek to work with the ITS JPO to develop one or more
training courses for the process. Mitretek would develop and give the course for the first several
iterations. Thiswill allow us to refine and tailor the presentation material to the transportation
professionals in the various transportation agencies. Afterwards the course would be turned over
to aprofessional training organization for wider audience presertation.
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1. Introduction

1.1 Study Background

As more Intelligent Transportation Systems (ITS) cgpabilities become ready for deployment,
they will need to be integrated into the established transportation planning process. This
process involves analysisof costs, benefits, and choices among competing projects within
financial and other constraints. ITS components will in many cases be combined with more
conventional transportation components as part of an alternative to address a specific
transportation problem. Considering I TS in the transportation planning processraises many
guestions about how to select and evaluate I TS projects as an integral element of traditional
transportation construction projects.

In addition, the current state-of-the-practice for transportation planning does not include
well-devel oped tools or techniques for quantitaively assessing I TS benefits, because ITS
itself is new, because operational aspects are important in assessing I TS benefits but are nat
traditionally considered in planning studies, and because I TS planning tools and methods are
still evolving. Consequently, good analytic tools for assessing I TS costs and benefits are
lacking and transportation planners may have less experience with ITS compared to other
types of transportation improvements. In light of these considerations, any approach to study
these issues would have to include:

Reviewing existing evaluation procedures and devel oping a quantitative investment
analysis methodology for ITS for state or local use in transportation planming.

Developing case study-based estimates of relative costs and benefits of ITS versus
conventional investments.

I dentifying needs for improved methods project identification and evaluaion.

To address these questions the Intelligent Transportation Systems (ITS) Joi nt Program Office
(JPO) of theUnited States Department of Transportation (USDOT) taked Mitretek Systems
to investigate the incorporation of ITS into the transportation planning process. To
accomplish this Mitretek initiated a two-phased study effort, conducted over two years. An
important goal of the ITSJPO isthe consideration of ITS by transportation planners. This
study devel ops a methodology for public sector investment analysisto analyzel TS
investments, and to devel op case-study based estimates of relative bendfitsof ITS
infrastructure investments versus conventional transportation investments. The secondary
study objective was to identify improvements for theanalytic tools and methods

The analysis in phase 1 studied how ITS leaders planned and deployed, exploring their
methods and processes. Phase 1 reviewed the current process of prioritizing projects,
examining how different regional transportation problems and needs areaddressed in the
Transportation Improvement Program (TIP) approval process. The analysisin phase 2
focused on the evaluaion of alternative solutions to a given transportation problem. These
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alternatives could beincorporated, depending upon evaluation results, into the Transportation
Plan and eventually the TIP. An example of thistype of analysisis the approach taken when
conducting a Major Investment Study (MIS). This second type of analysisisthefocus of this
report. Mitretek initiated phase 1 of the study in 1995 on how I TS projects were evaluated
and included in a major transportation improvement program (T1P).to address ITS
deployment. For this phase existing practices in two regions, Houston, TX and Seatle, WA
were studied. Phase 1 focused on the prioritizaion process in Houston and Seattle, and
identified several factorsin the project evaluation process. Briefly, the conclusions reached
include:

1 Planners should consider additional qualitative and quantitative factors along with
traditional ones, when evaluating I TS projects, beyond those traditional factors
typically found in a scoring process These additional qualitative factors include:

a) ability to respond to and manage traffic incidents and changing traffic situations,

b) ability to provide transportation system users with anew or improved level of
service (including customer satisfaction)

c) ability to support multiple uses for the transportation system or across different
agencies, including the ability to provide planning data.

2. The additional quantitative factors that should be considered include:

a) ability to generate cog savings (or revenueincreases) to public transportation
agencies.

3. I'TS project funding sources should be considered, including funds allowed by federal
rules and funds available from local and other sources. Planners shauld not artificially
constrain ITS funding sources to specific, or narrow categories, such as CMAQ.

Phase 2 of the study started in July 1996, focused on the greater Seattle metropolitan region,
and devel oped specific methodologies for the evaluation of TS project alternativesin the
context of an MIS. The results of this phase of the study are the focusof this report.

1.2 Useof Case Study Approach

Mitretek took the approach of conducting a case study rather than relying on a hypothetical
transportation network. Specifically, we selected a sub-region or corridor in the Seattle area
suitable for analysis. That is, a corridor where alternative solutions to a particular
transportation problem could be developed, and where a variety of ITS strategies and
traditional transportation improvements were applicable.

For illustration, if the problem to be addressed iscongestion along an urban corridor, the list
of alternative solutionsmight include “do-nothing”, construct a new road, add lanes to
existing routes, provide HOV lanes, provide ramp metering, provide incident management
systems, add bus or light rail service, as well as combinations of these listed capabilities. In



this study I TS services were analyzed separately and in combination with conventional
construction options.

Mitretek examined the dternative solutions for the Seattle study area in close coordination
with the transportation consulting firms Parsons Brinckerhoff Quade Douglasand CH2M
Hill. The study team adapted and extended conventional transportation improvement
modeling and impact analyses to be more sensitive tothe impacts of ITS, and to provide for
comparability of outcomesacross the evaluated alternatives. The andysis methodol ogy
developed and its results were reviewed with Seattle region planning staffs during the study
to assess the appropriaeness and usefulness of the Mitretek approach.

1.3 Scopeof This Study

This study covers:. delimitation of the study area, identification of transportation problems,
description of the alternatives considered, explanation of the specific analysis approaches,
and examination of the results from applying these analysis approaches. We chose to
evaluate several traditional transportation dternatives in the corridor, with and without ITS
components. Simulation modeling and other analytical techniques were applied to these
selected cases to quantify benefits and assess the alternatives against a common set of
measures of effectiveness (MOES).

The phase 2 Seattle case study assumed that an MIS was needed as part o the transportation
planning process to assess specific aternatives to solve a specific transportation problem in
the Seattle area. Thisstudy examines a corridor, rather than a single, traditional projed. The
geographic scale of the Seattle case study corridor is a sub-areaof the Seattle transportation
network larger than that associated with a single transportation fegure (e.g., an interstate
segment), but smaller than an entire urban region. This geographic scale parallels that
prescribed in MIS guidance and allows for avaiety of transportation alternatives to be
considered and evaluated, without being so broad as to dilute the evaluation process with an
intractable number of potential alternatives.

The range of transportation improvement alternatives considered in this study included
construction of new roads or lane miles, convertional signal installations, transit
improvements, Transportation Demand Management Systems, Advanced Traveler
Information Systems, Advanced Traffic Management Systems, and Advanced Pubic
Transportation Systems. Thestudy did not consider Automated Highway Systems or
Commercial Vehicle Operations.

The analysis tools required for ITS evaluation in the case study werecompared to
conventional transportation improvement planning and regional planning tools.
Recommendations are madefor adoption of the analysis methodologies outlinedin this
report in the transportation planning process and evaluation issues requiring further work are
also identified. The results of specific Seattle-based simulation runs are documented in this
final phase 2 report.



It isimportant to contrag this study with another recent work. “ The Interim Handbook on
ITS Within the Transportaion Planning Process” (FHWA, Transcore, August 1997), a
general reference, considers I TS as pat of the ongoing planning, implementation, and
operations activities for agenciesinvolved in planning for and providing transportation
systems and services. Thelnterim Handbook provides a thorough discussion on how ITS
should be considered in transportation plans and improvement programs, corridor/subarea
studies, and regional or statewide I TS strategic assessments. The handbook also provides
reference sectionson cost estimating and sketch planning techniquestoevaluate ITS
strategies. Except for the section on corridor/subarea studies, thesetopics are not the focus of
this report. The work presented here goes beyond the material presented in the handbook by
developing and demonstrating a structured problem identification and alternative definition
process and a specific evaluation methodology for including ITS in a corridor study.

1.4 Report Organization

Thisreport is organized into three primary parts. In the first primary part, three sections
provide background information that frames the work done for the Seattle case study.
Section 1 provides background information on the study. Section 2 discusses the planning
context for corridor/sub-area studies and the evaluation techniques typically used in such
studies. Section 3 discussesthe challenges involvedwith including I TS alternatives in these
studies.

In the second primary part of the report are the specifics of the Seattle case study. Section 4
presents the characteristics and objectivesof the case study aswell as an overview of the
approach. Section 5 discusses the selection of the study corridor and the corresponding
transportation needs and problems addressed. The set of transportation alternatives defined
and evaluated in the case study are presented in Section 6. The andysis framework and
approach to evaluating the alternativesis covered in Section 7. Section 8 documents the
procedures and results of the process to vdidate the models employedin the case study.
Section 9 presents the results from the analysis of the alternatives and Section 10 presents
lessons learned.



2. Corridor Planning Studies

2.1 Introduction

This section presents carridor or sub-areaplanning studies in the context of the overall
transportation planning process and discusses the eval uation methods typi cally used in such
studies (for the remainder of this report, “corridor studies’ refers to both corridor and sub-
areastudies). Theinclusion of ITS strategiesis facilitated when considered within the
framework and characteristics of each different type of planning study. For any particular
study, the level of detail and effort involved in defining and evaluating I TS alternatives
should be consistent with that involved in defining and evaluating more traditional
transportation alternaives. This section will hdp to frame the discussion of evaluation
challenges in the next section and the specific procedures used in Seattle case study,
presented in Sections 4 through 10.

“A Guide to Metropolitan Transportation Planning Under ISTEA” (U.S. DOT 1995) presents
and discusses the general planning framework that I TS needs to be consdered within.
Corridor/sub-area planning studies, which is the focus of this report, are considered to be part
the long range planning process, leading to transportation plan adoption. Where the planning
process identifies a corridor or sub-areathat suggests the possible need for a major
investment using Federal funds, then aMagjor Investment Study (MIS) may be required.
Figure 2-1 shows MIS within the Transportation Planning Process.

MIS and its requirements were defined as part of joint FHWA/FTA Final Rule on Statewide
and Metropolitan Planning (FHWA & FTA, Federal Register, 10/28/93) to implement the
concepts of the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA). MIS
provides a common multi-modal evaluation process to follow™ and a tool for maki ng better
more informed choices over major transportation decisions facing an urban area. The
transportation planning process in general examines regional travel paterns, needs/problems,
and potential solutions at asystems level usually at relatively broad detail. Where corridor
major investments are contemplated, however, there is a need to provide a more focused finer
analysis than possible at the regional level of analysisto fully understand the corridor’s
problems and tradeoffsamong it’ s alternatives. MIS provides the focusad examination of the
causes of the corridor’s mobility needs and related problems and theimpacts/costs of solution
aternatives. As such, “The MISisan integral part of the metropolitan area’ s long-range

! Previously the FHWA and FTA both had separate requirements for a project requiring amajor investment to
follow. Which was relevant depended on the project’s major mode (transit vs. highway) and funding source.
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Figure 2-1. MIS and the Transportation Planning Process

planning process that is designed to provide decigon makers with better and more complete
information on the options available for addressing identified transportation problems before
investment decisions aremade.” (National Transit Institute, Parsons Brinckerhoff Inc., 1996,
p. 1-1).

An MISisrequired any time the metropolitan planning process considers alternatives that
may be characterized as:

a high-type highway or transit improvement of substantial cost that is expeded to
have a significant effect on capacity, traffic flow, level of service, or mode share at
the transportation corridor or sub-area scale (Statewide Planning: Metropolitan
Planning: Fina Rule, FHWA & FTA, Federal Register, 10/28/93), and where Federa
funds are potentially involved.

Examples of a“major investment” include the construction of additional lanes, a new facility,
or anew light-rail line.

2.2 Corridor Planning Study Components

As aso shown in Figure 2-1 the transportation planning processis cyclicd and continuous.
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Each of the major components/products focuses ona different asped, set of concerns, and
level of decisionsin the overall transportation planning process. Consequently, each
component may require varying levels of detail, information, time horizons, or analysis turn
around to meet its needs. For example, as aready stated, MIS studies provide a detailed
evaluation of the transportation needs and major investment optionsin a corridor or subarea.
They look at along range (20 year) time horizon, and may take several years to complete.
How MIS relates to each of the componentsis briefly discussed below. While the major
focus of this study was to examine ITS within the MIS process, ITS may play an important
role at each point in the planning cycle. At each point the issues and concerns of
incorporating ITS may a < differ. Some of theseissues are also highlighted below.

The Transportation plan sets the long term agenda and direction of thetransportation
system in aregion. Since it must be financially constrained it reflects the funding priorities
and tradeoffs between projects and corridors. The plan typically focuses at aregional scale
examining projects of “regional significance” and the major transportéion policy directions
of the region. The transportation plan’s inputs include local planning studies and other
regional planning activities (land use, environmental, growth, etc.), and the results of specia
efforts such as MIS studies, and Congestion Management System (CMS) plans. Key
elements in developing thetransportation plan alsoinclude the policy framework and goals
of the region, inter-agency coordination and public involvement to determine project
priorities and funding decisions. The adopted condrained long range plan plays acritical role
in MIS studies since it is used to establish the Do Nothing Alternative, especidly outside the
corridor under investigation. Equally important to MIS studies considering ITS isthe
determination of the core ITS “center systems’ that serve across corridors or even theregion
asawhole (i.e. thel TS regional architecture/framework). Once an MIS study is carried out
the transportation plan must be amended to includeits preferred plan and the new plan shown
to conform to the State Implementation Plan (SIP) for air quality (see conformity analysis
below). Thus, the transportation plan and MIS studies are codependent, bath feeding
information to each other.

Congestion Management Systems (CM S) are required for all Transportation Management
Areas (TM As)2 and are optional in smdler areas. The CMS principles are “designedto
emphasi ze effective management of existing facilities through use of travel demand and
operational management strategies’, and analyze the entire transportation system’s
performance not the performance of any one specific mode (FHWA & FTA, 1995). CMS
have two major components. Thefirst is the definition of system performance measures, their
measurement, and continued monitoring. The second is the identification andimplementation
of strategies that provide the most efficient and effective use of existing and future
transportation facilities. Thus, CM S are operations oriented. Though they have afuture
component they are alsotypically geared towards the near term, collecting data on and
evaluating today’ s problems and eval uating grategiesimplemented to solve them.

2 . . . .
TMASs are defined as urbanized areaswith population greater than 200,000.
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ITS can play amajor role in CMS plans, both in datacollection and in management
strategies. In fact, I TS technologies are one of the five key wte%ories explicitly listed in the
FHWA/FTA Management and Monitaring Systems: Final Rule” (FHWA & FTA, Federd
Register, 12/19/96).

MIS studies and the CM S plan aso have areciprocal relationship in their support of each
other and the Transportation plan (See Congestion Management Newsletter, V. 1#3, FHWA,
March, 1995). CM S hel ps define the needs and problems in a corridor that trigger the
requirement for an MIS. More important, the CMS may help understand the causes of a
corridor’ s transportation needs and congestion and therefore help frame the MIS problem
statement. MIS on the other hand, can be used to examine alternatives and provide
information helpful for assessing strategies to reduce congestion in theCMS. In air quality
non-attainment areas both can assist in the required analyses to justify the need for proposed
Single Occupant Vehicle (SOV) capacity increases.

The shorter term Transportation | mprovement Program (TIP) provides the project
prioritization and seledtion for the next threeyears (and optionally longer). It must be
updated every two yeas. All project elementsthat will be initiated (begin construction and/or
operation) within the TIP time frame and receive Federal funds mug be included in the TIP.
Projectsin the TIP must be consistent with the transportation plan and include both details
and programming for theregionally significant projects specifically cdled out in the plan,
and non-regionally significant projects. The specific projects are defined, prioritized, and
programmed for project development/implementation in the TIP process. The preferred
aternative from an MISisfirst reflected inthe transportation plan. Then as the
implementation of the dternative nears and begins its goecific elements (traditional and ITS)
must also be prioritized and programmed in the TIP. For a discussion of issues associated
with incorporating I TS elementsin the TIP project prioritization and progranming process
please refer to “Incorporating I TS into the Transportation Planning: Phase | Final Report”
(Mitretek Systems, September 1997).

Environmental analyses include the State Implementation Plan (SIP) Confor mity Analysis,
and National Environmental Policy Ac (NEPA) process. An MIS preferred alternative
must be part of SIP conforming transportation plan for final approval. Thismeans that a
conformity analysisis usudly required as the plan is updated to include theMIS results. The
MIS process also providesa bridge to the NEPA process and must be carried out with careful
consideration of the NEPA Environmental Impact Statement requi rements’.

% Growth management and congestion pricing; trafic operational improvements; public transportaion
improvements; I TS technologies; and where necessary, additional sysem capacity.

Either as a pre-cursor study prior to the NEPA documentation process (Option 1), or in tandem withthe
NEPA process (Option 2). For more information, refer to the D esk Ref erence Manual for M IS (National Transit
Institute, Parsons B rincker hoff Inc., 1996).
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One issue that cuts across all phases of the ebove transportation planning processis the
requirement to include only regionally significant, and/or federally funded projects. Locally
funded projects with localized impacts may, or may not be documented as pat of the
federally required plans and documents. Consequently, many ITS and other operational
projects have often nat been included historicdly within the planning process. These include
such improvements, as traffic signal upgrades, transit vehicle and other operational
improvements, information systems, etc. How these off plan ITS and other improvements can
be used to enhance dternatives in MIS and thesystem in general must be considered in the
processif the full benefits of the ITS areto be reflected in aregion’s transportation plans and
MIS efforts (see Mitretek, September 1997).

For more information on the overall process, ITSin the planning process, and non ITS
related MIS details, refer to: “A Guide to Metropolitan Transportation Planning Under
ISTEA” (FHWA & FTA, 1995); the Desk Reference Manual for MIS (National Transit
Institute, Parsons Brinckerhoff Inc., 1996); and “Integrating Intelligent Transportation
Systems within the Planning Process: An Interim Handbook” (FHWA, TransCore , August
1997).

2.3 Supporting Analysis

As discussed above, transportation planning is a continuous process with many decision
points and is intended to provide a sound environment for analyzing transportation
investment and policy alternatives and all ocating transportation resources in away that best
addresses the transportation needs and problems facing an area. To support the decisions that
must be made within the planning process, a wide vaiety of analytical techniques are used to
provide estimates of thepotential transportationimpacts and costs of alternative investment
strategies. At each level of the process the appropriate analysistechniques differ in level of
detail and effort required to use them (translating to the amount of resources required)
depends on avariety of factors including:

the scale and level of anticipated impacts of the decision (both geographic and
costs)

the number of alternatives

the projed time frame

the decision time frame

the phase in the projed development cycle (concept, scoping, devel opment,
design, construction, operation).

Usually, less rigorous eval uation approaches are sufficient to support early, screening-type
decisions (occurring early in the planning process) and more rigorous and detailed
approaches and tools are desirable to support decisions with higher investment implications
(either later in the planning process or for establishing a preferred alternative that will be
considered a major investment to be folded into the transportation plan). For example,
regional analyses using “planning model network tods’ and representing “regionally
significant” projects are usually used to support the transportation plan and its conformity
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analysis. Due to the long time-frame of the transportation plan these analysis techniques
attempt to capture the mgor changes in travel patterns and location decisions, introduced by
major optionsin aregion’s future transportation system. As already stated, M1S analyses
perform much a much moredetailed examination of the impacts of alternative decisions
within a corridor or sub-area. Their goal isto distinguish between the options to solve the
corridor’s need and problems statement, and assist decision makers in making a preferred
choice. The level of investment decision, issues to be resolved, time schedule of atypical
MIS usually allow fairly complex and detailed andysis procedures to be carried out. On the
other hand, TIP and CM S andyses must select from awide variety of projeds and strategies,
usually with a short analysis and decision time period. Sketch techniques tha can be used to
evaluate a number of alternatives quickly capturing localized effects and pivoting off of
current (near term) conditions often suffice for these analyses

A thorough discussion of all possible analytical approachesis not covered here. However, it
isimportant to keep in mind the general types of techniques that apply. Analytical techniques
and tools used in planning studies generally fall into these magjor categories (presented in
general order of increasing complexity and data requirements):

Qualitative assessment - relies on previous experience or expert judgment. These
assessments are used everyday by project managers in selecting the candidate projects
for further investigation, and making quick evduations.

Sketch planning techniques - generally straight-forward, parametric, or spreadsheet
analyses that provide an approximation of potential impacts (may rely on historical
data). These are often used when there isalarge number of options to evaluate, the
impacts are localized, or the individual projects relatively small. They are also used to
screen an initial set of alternatives to likely candidates for further study.

Planning models - models that forecast average (steady-state) travd and
transportation demand and associated impacts over a given time period (daily, peak
period, etc.), typicdly using some variant of the four-step method (trip generation,
trip distribution, mode split, and assignment) with inputs from demographic and land-
use projections. Thesetools are used to capture long range impacts of transportation
system changes at the regional level. They are also often used with refinements and
additional detail for MISand other more focused studies.

Simulation models - models traffic flow and interaction with the network in more
detall (e.g., signals ae explicitly modeled), allows for time-variant travel demand and
introduction of incidents or other non-recurring traffic events. Simulation tools may
provide key inputs to a project’s design and/or operation that cannot be addressed
using other tools.

This study focuses on the analysis requirements of a corridor/sub-area planning study. In
practice, many of these studies are likely to be Major Investment Studies (M1S). For this
reason, MIS requirements and guidance provide the benchmark for the analytic approach
pursued in the case study. Although the level of analytical detail varies based on the decision
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to be made and the ability to distinguish between options, network-based planning models
are typically used to forecast the transportation demand and impacts under the different
aternatives evaluated in an MIS. An MIS will often include enhancementsin network coding
and analysis detail, not used in the regional level transportation plan analysis. Thislevel of
detail enables some of the differences and implications of alternative investment strategiesto
be brought out and discussed by the decision makers, which isimportant when the costs and
impacts of the potential investment are significant. These models usually incorporate the
traditional four-step method (trip generation, trip distribution, mode split, and assignment) in
the analysis framework. Aswill be discussed in detail in Section 7, this study adds a
simulation model in order toincorporate I TS strategies into the analysis at alevel of detall
required to fully capture the potential benefits of ITS services and to discriminate between
alternatives.
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3. ITSCongderationsin Corridor Planning Studies

Section 2 examined the context for corridor planning studies within the overall planning
process. This section focuses on the issues assod ated with incorporating I TS into these
studies and highlights the Mgor Investment Study principles used to guide the devel opment
of the Seattle areacase study selected for the project. Many of the issues are discussed in
more detail in the sections of the report which describe the detailsof the case study.

ITS strategies to date have generally not been incorporated into current MIS processes®. This
is due both to basic differences between I TS and traditional corridar improvements and to a
lack of familiarity in many areas with the potertial of ITS.

Traditional solutions to transportation problems and the analyses that support them have
tended to focus on long term facility/service improvements to meet capacity constraints
arising during a typical day. Because they focus on the peak congestion conditions and major
infrastructure investments these solutions and andyses have typically minimized or not
addressed:

The impact of operational strategies and improvements. Current operations are
usually assumed.

The impact of non-recurrent demands, incidents, or other unusual occurrences. Major
facilities are usually not designed to accommodae unusual demands, or events.
Analyses focus on meeting average conditions.

Lack of information about the system, its current condition and the choices a traveler
may have in making their trip. Traditional analyses assume equilibrium conditions
where travelers fully know their choices, their travel times, costs, and other
characteristics.

However, as has recently been reported, non-recurrent accidents and other incidents are
major contributors to urban congestion. One source estimated that up to 60% of congestion
can be attributed to non-recurrent delays (Lindley 1986). Not including these effectsin an
analysis can consequertly distort the impacts of traditional alternativesand overlook the
benefits of ITS.

ITS strategies on the other hand use technology, communications, and a “ systems’
perspective to help adust the system to conditions as they are realized on a day-to-day basis
or evolve over alonge time frame. ITS Strategies are:

5 . . . . . .
If they areincluded at all, it has usually simply been part of the Do Nothing or T SM base alternatives with
litl e substantive analys's or refinement to support each build option.
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Operations Oriented. I TS strategies such as coordinated signal systems, ramp meters, and
automated toll readersdirectly impact the operation of the transportaion system by reducing
delays and adjusting the performance of the system as conditions change They also provide
the ability to manage themulti-modal components as asystem instead of separate units.
Traditional planning analysis efforts typically assume a steady state s&t of conditions over the
analysis period and are consequently insensitive to changes in operations. More and more,
however, it is being recognized that managing system-wide or subsystem operations may
offer very cost-effective mobility improvements within a corridor comparable to traditional
capacity expansion. Recognizing this, TEA-21 incorporates operational concernsinto itslist
major planning factors that must be considered as part of aregion’splanning process.

Aimed at Events and Unusual Conditions. Non-recurrent incidents, special events, and
weather conditions all add up to become significant factors in the delay and congestion found
in our transportation systams. I TS strategies such as incident and emergency management
systems, route guidance, highway advisory radio, and variable message signs, all help the
system respond to these non-recurrent conditions. Y et, atypica analysis does not include
incident occurrencesin its validation of base conditions, and is based upon average,

expected, conditions under “normal” conditions (i.e. no accidents, bad weather, or unusual
conditions). It consequently cannot address the impact of incidents on the system or an
aternative s ability torespond to them.

Information Oriented. ITS strategies focus on reducing the difference between atraveler's
expectations of the transportation network whilethey are traveling (congestion, delay, and
cost along each route choice) and the actual conditions they will experience when they take
their trip. Traveler information systems provide more up-to-date informaion on accident
locations, transit routesto take, cost, and other characteristics of travel options. Route
guidance systems help the system operate more dficiently by routing trffic away from
accidents and other occurrences of delay. Astravelers and the system operators have better,
more up-to-date information, significant improvements to an individual’ s choice can occur,
especially under spedal circumstances. Typical analysis techniques presume that over the
long run, travelers will “know” their options and make “informed” choices.

Connected Systems I TS services are amixture of localized dements and area-wide
systemg/intelligence. As communications and system intelligence/response is introduced
through ITS, individual ITS dements no longer function or can be analyzed independently.
Thus, the metered rate (capacity) of aramp meter may depend upon the traffic volumes at
downstream locations along a freeway, sometimesmiles away.

Each of these characteristics makes I TS strategies difficult to address using traditional MIS
analysis methods and measures of effectiveness and create implications throughout the MIS
process. An overview o the MIS process in general and some of the issues incorporating ITS
raisesis provided next. Thisis followed by an examination of ITS in each of the major
phases of the MIS process.



3.1 Overview of MIS Process

Figure 3-1 shows the major phases of a Major Investment Study (National Transit | nstltute
Parsons Brinckerhoff Inc., 1996). Once the need for an MISin acorridor is identified® the
major stepsin atypical MIS process include:

Initiation, Problem Definition, and Development of Goals and Objectives (and their
Measures) - the desaription of corridor prablems and mobility needsis refined and the
corridor goals and objectives that will drive theevaluation process are articul ated.

Development of Initial Set of Alternatives.
Screening and Decisionon Detailed Set of Altematives.

Analysis, Refinement and Evaluation of the Alternaives - includes detailed definition
of alternatives and sarvice/operations planning, estimation of capital and operations
and maintenance costs, transportation and traffic impacts analysis, land use
evaluation, environmentd impact analysis, and financial analysis.

Selection of aPreferred Investment Strategy.

Public and Agency Involvement - Throughout the MIS, and in particular prior to key
decision points, the public is given the opportunity to comment and provide feedback
on the study recommendations and the process being followed. MIS aso requires
close coordination between and within agenciesand jurisdictions. State DOT, transit
agencies, metropolitan planning organizations, and local jurisdictions all have asay in
the scope of the study, range of alternatives, evaluation criteria, etc. Equally
important with the introduction of ITS in the processis the need for planners and
operations professionals within each agency to coordinate closely with each other
where traditionally they have not. While critical to the success of the MIS process,
public and agency involvement/collaboration is beyond the scope of the case study.

In order to be fully incorporated into the MIS framework, I TS strategies must be explicitly
treated as an integral part of the steps and phases highlighted above. An important point that
needs to be stressed upfront isthat ITS isan umbrella name for a suite of alternative
strategies, rather than a single monolithic alternative, and includes avariety of traffic
management strategies, transit applications, inddent and emergency management services,
and traveler information systems. The implication is that a variety of different ITS strategies

® Through the CMS, local planning, or other elements in the trangportation planning process See Section 2.
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can be included in a variety of waysin an MIS process. These different strategies may have
very different evaluation requirements, aswill be discussed later in the report.

Although the study team did nat perform athorough investigation of all previousand
ongoing MIS efforts, anecdotal evidence suggeds MIS studies are now just beginning to
consider ITS elementsin their study designs. Previous consideration of ITSin MIS
alternatives has been somewhat limited rangng from nore at al toinclusion of ITSinaTSM
or separate enhancement package7. It appears that little has been done on how to how to
enhance and maximize the efficiency of traditional build options. By induding ITSin the
baseline or in common TSM alternatives, some of the MIS efforts may be avoiding the need
for thorough evaluation of ITS, since the ITS elements appear in all of the build aternatives
and therefore do not become a discriminator. Further research would be needed to determine
the analytical techniques used to evaluate theeffects of ITSin all of these efforts.

The next three subsections discuss the challenges and implications of including ITS in three
of the key steps of theMI S process: initiation and problem definition, altemative definition,
and analysis.

3.2 Initiation, Problem Definition and M easur esof Effectiveness

Initiation of the MIS includes the definition of problems and needs, identifying agency
participants and stakeholder groups, development of the work plan, and definition of goals,
objectives, and measures of effectiveness (MOE’S). Critical to incorporating I TS elements
within an MIS process is devel oping needs and problem statements that refled the
underlying causes of the problems within the corridor and are not geared towards traditional
capacity expansion aternatives. Equally importart is the need to definegoals, objectives, and
MOE s that are sensitiveto ITS and other operaional improvements for the corridor or sub-
area under study. Project initiation is also whereit is important to identify stakeholders and
key agency participants and bring them into theMIS collaborative process. Transportation
planners and operations specialists need to bebrought together from the beginning to help
identify the corridor issues, and how ITS can be integrated into each aternative to help
address them.

The problem statement and understanding of the causes of the corridor s transportation needs
can be considered, in many ways, as one of the most important factors for a successful MIS
process. The problem statement hel ps define the range of reasonable alternatives to consider,
the appropriate measures of evaluation, and even the methods and level of detail requiredfor

7 Examples of pioneering MIS efforts that have addressed I TS in some fashion include the Capital Beltway
MISin Northern Virginia (1995) and the IH 35 M IS in Austin Texas (1996). The | 435 study of amajor river
crossing in Kansas City (1996, ongoing); and the 1-64 MISin Virginia from Richmond to Virginia Beach
(1997, ongoing).



analysis. It is very important that the underlying causal problems of the corridor be identified,
and not simply the symptoms. For example, simply stating that the corridor’s problem is
“Congestion” may predisposethe MIS towards infra-structure and capadty expansion
aternatives. On the other hand identifying the causes of congestion as high accident
locations, excessive access and egress on mgor arterials, and/or excessive queuing and spill
over at key intersections can al point to the potentia benefits ITS and other operational
improvements. More important, if these are the causes of the congestion then capacity
expansion may not meet the corridor’ s needs. Problem statements that focus solely on
average (peak period) needs for capaaty improvements will not lend themselves as easily to
ITS solutions as those that consider the impact of inddents, variability of conditions, and
operational inefficiencies in the study area

This stage of the MIS also determines the evaluaion requirements for the study, since the
analysis tools and techniques must be able to estimate changes in the various measures that
have been identified. Also it is the combination of measures and potential aternatives that
determine what methods must be developed and used to forecast travel and other impacts for
each alternative. Oreissueisthe lack of sensitivity of the MOE’ s used in typical corridor
studiesto ITS strategiesand other operational improvements that impact thereliability of
service, information about the system and response to non-recurrent incidents. It isvery
important, therefore, to provide additional measures on the variability of the system if the
impacts I TS and other strategies that focus on the operation of the system are to be analyzed
in a balanced way withtraditional improvements. Measures such as the gandard deviation of
expected arrival time, recurrent delay, incident delay, and lost opportunity time (difference
between the path and mode chosen, and the best choice that could bemade if information
was available on al options) all can be used to capture to dimensions of a corridor’s problem
that ITS may help solve. Further discussion of the specific measures used inthe case study is
provided in Section 7.

Last, while the case gudy focused on development of analytic methods far MIS, equally
important is the collaborative nature of MIS and the participation of both operations and
planning experts. The need for bringing operations into all aspects of transportation planning
is becoming recognized and has been identified as a key factor in the future national
transportation policies and programs. Operations brings a different perspective to a corridor’s
needs, problems and potential solutionsthat is critical if ITSisto be fully integrated into the
MIS.

3.3 Alternative Definition | ssues

The definition of the dternatives to evaluae, and ultimately choose a preferred option from,
is at the heart of themajor investment study process. These include (Naional Transit
Institute, Parsons Brinckerhoff Inc., 1996):



Do-Nothing: The Do-Nothing aternative is required by the National Environmental Policy
Act (NEPA) as a baseline for estimating environmental impacts. It is defined to include those
transportation facilities and servicesin the corridor that are likely to exist in the forecast year
aswell as*any improvementsin other corridorsthat are elements of the financially
constrained long rangeplan”. All of the Do-Nothing elements must also be part of each of
the other alternatives (National Transit Institute, Parsons Brinckerhoff Inc., 1996, p. 6-12).
Cost effectiveness comparisons of the build altematives with the Do-Nothing have also
recently been added as part of the FTA new start criteria.

Transportation System Management: “ The set of aternaives must dso includea TSM
alternative that represent a viable, low-cost approach to improving conditionsin the corridor”
(National Transit Institute, Parsons Brinckerhoff Inc., 1996, p. 6-8). The TSM alternative
should represent the “best” that can realigically be done without major new physical capadty
improvements. It emphasizes both small physical improvements and operational efficiencies
such as those introduced by ITS services. More than one TSM alternative may be defined for
aMIS analysis. All elements of the official TSM alternative, however, must also be part of
the build options.

Build Options: The build options represant the reasonable major investment options for
solving the MIS problem statement for the corridor which may lead to alocally preferred
alternative. Each build option should be derived from the TSM alternative. “...Major new
facilities are incorporated into the TSM altemative, and adjustments ae made to integratethe
TSM and major investment components (National Transit Institute, Parsons Brinckerhoff
Inc., 1996, p. 6-15). A refined operating policy should also be develgped for each build
option which may include “.... ITS treatments, signalization strategies, occupancy
requirements for HOV lanes, tolls, congestion pricing and reversible lanes...service
frequency, integration of guideway and feeder services, farelevels, and fare structure.”
(Nationa Transit Institute, Parsons Brinckerhoff Inc., 1996, p. 6-15).

ITS elements may exist in each of the above options. Where they are defined, and how, may
have significant influence on the results of the analysis. As with traditional elements, ITS
elements in the alternatives should develop from the Do-Nothing, to the TSM, tothe build
options with each level including the elements of the previous option. Figure 3-2 depicts this
evolution. The systemwide characteristics of many I TS services, however, create issues on
how to position ITS within a corridor study. Whether a service should be defined in the Do-
Nothing, TSM, or build options dso hinges on previous I TS investments and future plansin
the region and the congestion management strategies found in the CM S plan (where
applicable). These isaues are discussed below.
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One of the main charecteristics of ITS servicesistheir “system” focus and nature. The
National ITS Architecture defines nine types of operation centers around which ITS services
operate (Traffic Management, Transit Management, Emergency Management, etc.) These
center subsystems provide management, administration, and support functions for the
transportation system as awhole. The center functions are centralized and may not be limited
to any corridor and thar benefits dispersed. I TS services also require a communications
infrastructure and system to connect the transportation network to thetransportation centers.
The center functions and communications system must exist, or be included in the
aternatives, to implement I TS services within a corridor. There may be substantial initial and
startup costs associated with implementing these center systems. Because of the initial
startup costs, it is desireble to place the regional center functions (and their costs) in theDo-
Nothing or Baseline TSM options.

By themselves the individual I TS strategies and elements fdl into the traditional TSM
definition. They are relatively low cost with respect to most capacity and service major
investments. They also, by themselves, do not typically provide additional base capacity
improvements of the same scale as traditional build options. However, combining several

I TS strategies into an efficient and coordinated management and information system can
produce more significant benefits. ITS is aso developing rapidly with many ITS services just
emerging as viable options

In addition to the mandatory TSM alternative, other TSM alternatives may be defined. As
shown in Figure 3-2, two TSM options may be called for when incorporating ITS in the MIS
process. The first forms the baseline TSM/ITS alternative upon which the build options are
developed. It includesthe ITS elements that one can be reasonably certain are feasiblefor
implementation by the horizon year, and the regonal TS elements that may be found in the
approved financially constrained long range plan. ITS elementsin this dternative are also
included and should make logical sense with each of the build options. ITS elements that
may depend upon other forces outside the public sectors control, or those that are still in
development may be ingppropriatefor the baseline TSM.

Often, an important roleof an MISis also to provide information on what may occur under
more optimistic than expeced conditions. The Enhanced ITS TSM option can be usad to
give decision makers key information on the potential of I TS services to solve the corridor’s
problems. In the Enhanced I TS option services can be included that depend upon emerging
technologies, Information Service Provider delivery of services, and/or additional
commitments by actors normally outside the M1S decision process. Therefore, this
alternative can show the benefits of 1TS based upon the assumptions that the less certain ITS
elements come to pass.

Developing ITS for each of the build options should start with the ITS elementsin the
baseline TSM. Each build option should then be examined and services added to maximize
its operations and the gods it is trying to achieve Thus, an advanced traffic management and
coordinated signal system may not be an appropriate addition (beyond the TSM) as part of a
traditional fixed guideway transit alternative since it may reduce thelevel of transit ridership
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the alternative provides. As always, the margind costs of any services added to a build
option must also be included as part of the altemative analysis.

Two other aspects of ITS services may impact thedefinition of the ITS elements within the
alternatives. First is theissue of estimating market penetration for I TS services that depend
upon the purchase of communications devices or other equipment by the individuals using
them. In atraditional MIS analysis, these purchases would be internalized by an independent
market demand model relaing the price of the service with its use. For example, transit
ridership models incorporate the fare, or user price, into the demand estimation. Market
demand models for personal information and route guidance equipment, on the other hand,
are not available, or are just in their devd opment stages. Consequently, separate levels of
market penetration of these services may simply need to be assumed aspart of the alternative
definition. The second atribute is associated with assumptions regarding the private sector
provision of ITS services such as ATIS. Alterndives defined under thispremise should have
documented assumptions regarding public and private sector roles and cost recovery
mechanisms which will factor into the analysis of dternatives.

3.4 Analysis|ssues

Traditional MIS processes have focused on fadlity/service improvements(as seen in the
definition of major investments shown in Section 2) and on average conditions and
demand. I TS strategies on the other hand aim at improving: (1) operations; (2) response
to non-recurrent condtions; and (3) providing better information. ITS elements and
strategies have the potential to significantly enhance the aternatives and solutions of MIS
efforts. However, if they are to be properly considered on an equal basis with traditional
improvements, new approaches, tools, and evaluaion measures must be integrated into
the MIS processes to capture their contributions to the aternatives performance.

ITS strategies such as coordinated signal systems, ramp meters, automated toll readers
directly impact the operation of the transportation system by reducing delays (stops), and
adjusting the performance of the system as conditions change. MIS analysisefforts
typically assume a steady state set of conditions over the analysis period and are
consequently insensitive to changes in operations. More and more, howeve, it is being
recognized that managing operations can offer very cost-effective mobility improvements
within a corridor. MIS studies are in fact supposed to serve for theanalysis of demand
reduction and operational management strategies as appropriate pursuant to the CMS
requirements. (Statewide Planning: Metropolitan Planning: Final Rule, FHWA & FTA,
Federa Register, 10/28/93).

Non-recurrent accidents, spedal events, weather conditions all add up to become
significant factors inthe delay and congestionfound in transportation systems. ITS
strategies such as incident and emergency management systems, travele information, and
dynamic route guidance can help the system regpond to these non-recurrent conditions.

Y et, atypical MIS does not include incident occurrences in its validation of base
conditions, and since its analysis is based upon average (expected) conditions, does not
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address the impact of incidents on the system, or an alternatives ability to respond to
them.

Last, ITS strategies focus on reducing the difference between what atraveler perceives as
congestion, delay, cost, etc. of the transportation network while they are traveling and the
actual conditions they will see when they take their trip. Traveler information systems
provide more up-to-date information on accident locations, transit routes to take, cost, etc.
Route guidance systems help the system operate more efficiently by routing traffic away
from accidents and other occurrences of delay. Astravelers and the system operators have
better, more up-to-date information significant improvementsto an individual’ s choice
can occur, especially under special circumstances. MIS studies and analysis techniques
generally presume that over the long run travelers will “know” their options and make
informed choices. This presumption is appropriate for an “average day” but is not
representative of knowledge under highly variable conditions.

To be able to addressI TS strategies, the andysis approach used in an MIS should be
sensitive to the issues discussed above. The specific analysis implications of including
ITSinthe areas of traffic and transportation impacts, cost analysis, financial analysis, and
environmental impacts are discussed below.

3.4.1 Trafficand Transportation Impacts

The discussion above provides some insight into the daa and analysis needs for capturing
the transportation system performance effeds of I1TS strategies in acombined analysis
with traditional transportation alternatives. Someof the key featuresthat are required in
the analysis framework include:

Ability to model both traditional and I TS strategies

Incorporation of dataon incidents and other factors that induce variability in
traffic conditions

Ability to model the impact of non-recurring factors on the transportation system
performance

Ability to model the state and availability of real-time surveillance information
Ability to model traveler response to real-timeinformation on network conditions

Ability to model the response of the transportation system to incidents or other
changes from average, expected conditions

Ability to model the operational efficiencies of ITS improvements under average,
expected conditions

Ability to assess the combined effects of I TS services implemented together

In order to evaluate ITS and traditional alternatives as separate or combined alternatives
on the same playing field, an integrated analysis approach is required. However, the
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evaluation tools that arebest suited for estimating ITS impacts (e.g., Simulaion models)
may not be the same as those best suited for estimating the impacts of more traditional
transportation capacity or service enhancements (e.g., regiona planning models).
Including more than one network model in the andysis framework then rases questions
of how measures should be combined across tools and the consistency and feedback
requirements between the network representations for different alternatives. Because not
al ITS strategies will beamenable to network modding, and the assumptions tha drive
the models often rely onthem, sketch analysis techniques must also be used inthe
analysis framework. A range of evaluation techniques is required in order to estimate the
transportation and traffic impacts of each dternative.

Additional measures beyond those of typical of MIS eforts may be required in order to
highlight some of the man impacts of ITS —improved trip rdiability (reduced travel time
variability) and redudion in non-recurring ddays. The analysis approach would then have
to be capable of estimaing these measures for all of the alternatives under study.

3.4.2 Cost Analysis

Agencies have less experience with implementing I TS and hence have less experience on
how to estimate their capital and operations and maintenance costs. Because the
operations and maintenance requirements for ITS are typically higher and more uncertain
than those of traditional construction projects, funding for on-going operations and
maintenance is a major concern for agencies that decide to implement ITS. Life-cycle
costing should be used to compare the costs of TS alternatives with other more
traditional ones.

Because some I TS strategies (such as ATIS) involve consumer purchase of equipment or
services, alternatives that depend on such decisions must address these costs somewhere
in the analysis. Thisissueis non-trivial since assumptions must be made about the costs
and number of users (or market penetration). Following general MIS guidance, these
costs should be treated as a user disbenefit rather than a cost, since cost is generaly
defined as public agency costs. In addition, since the private sectar is expected to play a
big role in the delivery of ATIS services, the treatment of private sector service provider
costs is another issue to be addressed. One way to handle this may be through keeping the
actual costs to the private sector internal to the cost analysis system by estimating user
fees as the cost transfer mechanism. Thisin turn isaway to address the user costs.

While not unique to ITS, alocation of costs of regional systemsto the corridor/sub-area
is another issue to be addressed. While always function of the no-build and TSM
alternative definitions, proper cost accounting is necessary to handle the use of regional
support systems or the introduction of new regional servicesin the corridor. The fraction
of regiond costs allocated to the corridor must includethe full cost of support systems
(e.g., management centers, hardware, software, communications equipment) that are
necessary to enable the service to work in the corridor. On the other hand, the allocated
costs would not include cods that are accrued outside the corridor (such as equipment
costs on buses that run on routes outside the corridor).
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Previous MIS efforts or dternatives analyses have studied fixed guideway transit
alternatives within a corridor that requirethe provision of centrd yards, shops, and
control facilities. Thisis similar to the notion that deployment of ITS elementswithin a
corridor depends on theexistence of a central control facility that may also serve the
region as awhole. These kind of parallels provide insights on how to addressthe ITS
issues within the MIS process.

3.4.3 Financial Analysis

The financial analysiscan provide afeasihility check on the ITS assumptionsin the
aternatives. Building on the discussion of cost andysisissues above, it is dear that the
financial analysis for an MIS with significant emphasis on I TS elements can present some
interesting challenges. The fact that a marke analysis might need to bedone as part of the
study is clearly one of the challenges. Many of the issues related to public-private
partnering have implications for the financial analysis and decision-making framework
for the study, since mary other stakeholders and decision makers (induding the private
sector equipment manufacturers and/or information service providers) dictate the overall
viability of the defined alternative. For example, if dynamic route guidanceisin an
alternative, and the assumption isthat it is delivered using the private sedor, the viability
of the alternative requires decisions on the part of the individual consumers to purchase
the equipment and service, the private sector to offer the service, and likely the public
sector to share traffic conditions information with the private sector. Some financial
analyses might assume that the public and private sector trade data on traffic conditions,
to mutual benefit, while athers might assume that theinformation flow is more one-sided,
with a potential need toinclude the expected value of the informationinto the analysis.

The typical MIS of today would not encounter all of these concerns. However, with the
advent of more flexibility in the potential privatization of toll roads federally and in
certain states, even more traditional MIS efforts will need to incorporate the private sector
component into the finandal analysis.

3.4.4 Environmental Impacts

Because I TS strategiesare comprised of communications, computer, and data processing
equipment, and are not as visible to the public astraditional construction dternatives, the
environmental impacts of ITS are amost certainly less than those of construction
aternatives, at leag with respect to right-of-way, the natural environment, visual or
aesthetic conditions, historic or park land resources, and social and economic impacts
related to changes in access or displacement due to physical transportation system
changes. Interms of ar quality, the jury is till out on how ITS strategies will stack up
against traditional ones, mainly because some of the relationships are not clearly
understood and the state-of-the-practiceanalysis tools are ingnsitive to some
characteristics of ITS (such as smoothed traffic flow) that can afect the release of
emissions from vehicles.
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3.5 Summary

This section has addressed some of the considerations and challenges of fully
incorporating ITS into a corridor planning study process that in the past has been more
suited to traditional capacity and service alternatives. The introduction of ITS strategies
was discussed as part o three important stages of the MIS (or any alternatives analysis)
process: the problem definition and measures of effectiveness devd opment stage, the
alternative definition gage, and the analysisstage.

This section concludes the context setting for the Seattle case study work, whichis
documented in the following sections.

Because the focusis on how to include and evduate ITS as an integrd element of
corridor studies, some aspects of the MIS process are not addressed in detail in the case
study. These include land use, environmental impads, financial analysis, public
involvement, and selection of the preferred investment strategy. Sinceno actual planning
decision is being supported with the study, there isno need to develop or recommend a
preferred investment strategy.
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4. Seattle Case Study Overview

This section provides an overview of the characteristics and primary objectives of the Sedtle
case study and a summary of the case study approach.

4.1 Study Objectives and Characteristics

Mitretek chose the case study approach for this analysis for a number of reasons. A case
study allowed us to:

1. Develop and apply analysis and evaluation techniques to arealistic
metropolitan surfacetransportaion planning problem;

2. Address and resolve the technical issues that would occur in atypical MIS
study (e.g., size of thenetwork, ITS elements, model and network conversion,
level of detail required);

3. Show how ITS elements can be incorporated in aMIS (or corridor/sub-area
study);

4, Show the relative contribution of ITSto MIS aternatives and impacts.
The specific objectives of the case study induded:

1 Develop tools, technigues, and methodologies for incorporating ITS in the
transportation planning and public sector investment processes;

2. Show the benefits and costs of using ITS to addressreal needs and redistic
transportation problems & the corridor level;

3. Demonstrate how I TS can enhance the effediveness of traditional “modal”
alternatives;

4, Provide guidance based on the case study results that can be easily used by
transportaion professionalsin an MIS.

Several important characteristics differentiate this case study from the typical MIS.

Because thisis afederally sponsored study providing guidance for transportation plannersin
metropolitan regions, the specific aternativesassessed in the casestudy are not tied to
“actual” Seattle dedsions. The study had awider scope than the adual Seattle situation and
considered alternatives beyond those that might be supported in the Seattleenvironment. This
wider scope allowed more emphasis unconstrained by any specific considerations that would
affect an actual Seattle MIS for the same corridor. Consequently, the case study’s
methodology and lessons learned are more usefu and valid than the actual quantitative
results. The case study should not be read as an attempt to develop, recommend, or justify an
actual investment strategy for the Seattle regon.



We selected a geographic study areathat provided arealistic set of conventional
transportation build altematives for the case study into which ITS elements could be
integrated. The additionof 1TS options affords the opportunity to assess the costs and
benefits of various transportation build aternatives, with and without ITS. We chose the MIS
to provide structure and context for defining and evaluating alterndives. Because the andysis
Is not tied to the actual planning process in Seattle, the case study can be considered a
“shadow” MIS, which reflects the analysis and methodol ogies of an M1S without the
administrative, public participation, and detailed engineering aspects of a“real” MIS process.

4.2 Study Approach

The approach is shown inFigure 4-1. A summary of each major step or task is given below.
The steps are shown in quence but, in fact, were carried out roughly in parallel.

1) Select Region - Both Houston and Seattlewere studied in phase 1 of this project and
both indicated a willingness to continue coordination with the study team. However,
only one area could be chosen for phase 2 due to resource considerations. Seattle was
selected as the casestudy areafor a number of reasons:

» theexistence of a number of transportation planning model networks,

» ability of the Seattle-area subcontractor to access Seattle-area project plans
and historical data,

» subcontractor familiarity with the Seattle-area transportation network and
planning environment, and

» the existence of good historical data on Seattle-area traffic volumes and other
network statistics. Thesestatistics are routinely collected by Washington State
Department of Transportation (WSDOT) as part of its ongoing Traffic

Management System efforts and provided a good source of data for vdidating
the models devel oped.

2) Form Project Advisory Team - Following a Federal review of the study team
formation, we established alocal project advisory team to provide advice to the study
team. The local advisory team consists of Seattleregion transportation professionals
from those agencies and organizations involved in planning and operating the
transportation systemsin Seattle (particularly in the study corridor). The local
advisory team provided their perspective on the reasonableness of the case study
baseline and the definition of alternatives; as well as the evaluation approach and
proposed measures of &fectiveness. They dso monitored the progressof the study,
and reviewed the study findings and recommendations.
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3) The Puget Sound Regional Council (PSRC), Seattle s regional Metropolitan
Planning Organization (MPO), helped to facilitateand host our meetings.
Other organizations represented on the local advisory team were:

« WSDOT

* Regiona Transit Authority (RTA)

* King County Metro

* King County Transportation Planning

e Community Transit

* University of Washington

* Washington Sate Trangortation Center (TRAC)

* Locd divisional offices of FHWA and FTA provided local advisory
team representatives. Appendix A containsalig of the names of the
individuals who served on the advisory team.

4) Define Corridor and Problem - Given the goals and objectives of this
study, we had to select a suitable corridor with known or projected
transportation needs or problems. The next section of the report (Section 5)
addresses this task.

5) Define/Refine Alter natives - In accordance with M1S guidance, a set of
distinct transportation alternatives (considered to be* build options” from
the baseline network) were devel oped and refined as potential solutions to
the transportation needs and problemsin the study corridor. These
alternatives represent different investment drategies and different modal
orientations toward addressing the corridor transportation problems. The
study objectives dictate that the alternatives specifically address the
inclusion of ITS elements by themselves and in combination with more
traditional build alterndives. Section 6 addresses the principles used to
develop alternatives and provides a description of the baseline and the
alternatives evaluated in the case study.

6) Develop Evaluation Approach - In this study, “analysis’ refersto processes
that develop information on the costs, benefits, and impacts of alternative
transportation projects. Transportation models, for example, might provide such
information on impacts, whilefinancial analyses might provide information on
costs. Analysis makes no normative judgments, i.e., makes no attempt to place
values on the information. In contrast, “evaluaion” refersto processes that use
such information to make comparisons, such as to make clear the advantages
and disadvantages of thealternatives in addressing transportation needs and
problems. For example, useof measures of effectiveness require judgments
about the values of wha is effective and how to measure it. Evaluation puts the
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7)

8)

9)

analysis-generated information into a framework that facilitates dedsions
among the transportation dternatives. By “evaluaion approach,” we mean the
combination of both analysis and evaluation processes. An analysis approach
was devel oped and used to estimate the costs and transportation impacts of each
alternative. In order to achieve the study objectives, the evaluation approach
included analysis methods and evaluation tools which had to capture the
impacts of ITS alternatives as well as of thetraditional transportation
aternatives. The andysis methods and eval uation measures are discussed in
Section 7. The evaluation of the alternativesiscovered in Section 9.

Assess Analysis M ethods - Part of the development of the analysis methods
involved research on the available analysistechniques and transportation
models that were both wel-documented and could meet the study objectives.
We reviewed avarigy of analysis methods, i.e, networks, simulations, and
sketch planning techniques that could address I TS strategies. Thistask resulted
in the final set of transportation models and evduation methods for the case
study that are documented in section 7.

Perform case study - This step involves the actual execution of the
evaluation approach to analysis of possible transportation alternatives for the
Seattle metropolitan corridor.

Document Case Study Results- The results of the model validation
process are reported in Section 8. The results of the alternatives evaluation can
be found in Section 9.

10) Develop Recommendations- Based on the results and their implications and

the experiences/ lessons learned during the case study, the projed team made
several recommendations regarding analyticd issues and next steps. These
recommendations are captured in Section 10.

4-5



5. Selection of Study Corridor

5.1 Selection of Study Corridor

After selecting the Seattle region for the case study, the study team developed alist of factors
to select a corridor of study in the Seattle area. Overall stipulations for selection of a
candidate corridor included:

* have“generalizabl€’ transportation attributes,
« alow realistic application of avariety of ITS strategies, and
* have transportation data readily available to expedite the case sudy.
The corridor candidaes were evaluated on the following selection factors:
1. Geographical extent
Transportation planning and operating jurisdidions
Traffic volumes
Type and condition of major transportation facilities
Service levels
Origin-destination (OD) patterns and land use
Topography
Potential changes in transportation facilities

© 0o N o 0k~ W DN

Current or futuretransportaion problems

10. Existence of afreeway with alternativeroutes (for traffic diversions)
11. Existing and potential multi-modal options

12. Data availability

The Seattle metropolitan region is topographically confined, with Puget Sound to the West
and Lake Washington to the East of the Seattle central business district (CBD). South of the
Seattle CBD, the region indudes multiple activity concentrations, including thecity of
Tacoma, the Fort Lewis Military Reservation, the Seattle Tacoma International Airport, and
the Port of Seattle. To the East of the Seattle CBD and Lake Washington are the Bellevue
area and Redmond (homeof software giant Microsoft), and to the Northis the city of Everett
(home of the Boeing airaraft assembly plant). Since al of these areas are on arelatively
narrow north-south axis, the initial candidate corridors could be grouped easily into three
categories:



1. Segments of Interstate Route 5 (1-5), the main North-South freeway through
the Seattle CBD;

2. Interstate Route 405 (1-405), a hemi-beltway through Bellevue and the Seattle
environs on the East sideof Lake Washington, intersecting 1-5 North and
South of the Seattle CBD; and

3. The East-West State Route 520 (SR 520) and Interstate Route 90 (1-90), which
bridge L ake Washington, connecting the Seattle CBD with Bellevue to the
East.

The 1-90 corridor extending East from Seattle across L ake Washington and Mercer Island to
Bellevue was considered, but eliminated since it did not have alternativeroutings for
diversions of traffic off the freeway, except for the routes named above, and it would not be a
candidate for multi-modd operations.

Considering the three maininterstate routes in theregion, five corridors, two with subparts,
were defined:
1. The North Corridor - centered on 1-5 Northward from the Seattle CBD to about
Everett
2. The Tacoma CBD - centered on |-5
3. The South Corridor -
a) Centered onl-5 Southward from the Seattle CBD
b) Centered on SR 509.
4. The Bridge Crossing
a) Centered on I-90.
b) Centered on SR 520.
5. The Eastern Circumferential - centered onthe [-405 hemi-beltway.
All five corridors include limited access routes, as well as less controlled routes providing
diversions from the primary limited access route. The subparts of corridor 3 allow afocus on
afreeway or on anarterial facility. The subparts of corridor 4 are both limited access and
alternatives for the other. The attributes of the subparts of corridors 3 and 4 are sufficiently
different to deserve separate listings. Theresulting seven corridors were used initially to
develop detailed attributes, according to the twelve selection factors, for further discussion

with the local advisory team. Table 5-1 shows an initial assessment of the twelve selection
factors against the seven potential corridors



Table5-1. Corridor Selection Characteristics (multiple pages)

CORR.1 CORR. 2 CORRIDOR 3 CORRIDOR 4 CORR. 5
I-5 Horth I-5: Tacoma -5 Sourth SR 509 1-90 SR 520 1-305
Geographical Exdent Seattle CBD te  |5SF 512 to Pierce |Piercefking Co. [ 128th S5t to 1=t lz=aquah to Fedmondto -5 [5G (Toowil3) to -5
18Hh 51, Sno Jling C o, Line Line to 5eattle Awve S Bridge Seattle CBD (Sno Ca)
Co. CaD
Jurisdidions WSDOT, FSRC, WSDOT, FSRC, WSDOT, PSRC; [WSDOT, PSRC; |WSDOT, PSRC; [MSDOT, PSRC; WSDOT, PSRC,;
King Ca.(incl. Fierce Co., City [King Colincl. King Cafincl. King Calincl. King Cafincl. King Colincl.
il etr o; of Tacoma, hetroy; Cities: hetro); Cities: hetroy; Cities: hetro); Cities: hetro); Snohomish
Snohomish Co.; |Pierce Transit Seattle, Federal |Seattle, Burien, |Seattle, Seattle, Ca.; Cities:
Cities: Se attle, Fart of Tacoma [ ay; Pierce Sealac I==aquah, Redmond, Bellewue, Tukwila,
Lynnwwaed, Transit Bellewue, Merzer [Bellewue, Fenton, Kitkland,
hlountlak e I=land Kirkland Bothell, Lynmwood;
Terrace; Comm, Comm. Transit
Transit
Selected Wolu mes
ADT 11200 91500 94400 22700 55000 59000 51000
Ahd Pl Hr Fa00 G500 2700 2500 G200 =800 5400
FhFk Hr Ea00 5700 = uju] 000 SE00 FE00 GO00
Express (SB/NEY SE20EITS
TyvpeCondition 3-5 lane freeway [3-5 lane freemway, [3-5 lane freeway, [3-4 lane freemway, [3-5 lane fong, with|2-3 lane funy., dir.J2-4 lane
nith 2-4 lane low directional =ignificant moderate dir. 2-lane reversible [=plit towward circumferential finny.,
rewersible =plit, low to directionalsplt |split toward madmay across | Seattle CBD, low dir. =plit,
ra3dnay, moderate tran=sit [tovvard Seattle Seattle, low hlercer Iz, & wery high transit |minimal transit
directionalsplt [sernvice. HOW CBD, relatively  [transit serwice. bridges, dir. split [senice orer serrice. Cutside
towvard 5 e attl e lanes planned high transit HOW lanes towvard 5 e attl e bridge. HOW HOW lanes
cBD, relatively  [throughoot senrice, HOW plannedfor1st  |CBL, relatively [planned onpat Jbuilt'committed in
high transit corridor lanes Awe 5. Bridge. high transit of corridar most of corridor
senrice. HOW buit'committed |HOW bypass NB Jsenvice. HOW [politically (inside HOW through
lanes in most of throughout onto bridge. lanes in mostof |sersitve Tubiwila)
carridar carridar carridar carridor]
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Table5-1. Corridor Selection Char acteristics(multiple pages)

CORR.1 CORR. 2 CORRIDOR 3 CORRIDOR 4 CORR. 5
I-5 Horth I-5; Tacoma I-5 South SR 509 1-90 SR 520 1-405
Service Lewd= Heawy peak Existing Heawy peak Feak period Lo congestion |Heawy peak Heawy peak period
period congestion period cang estion ezt of [-905 period congestion.
congestion. primarity due to  |oongestion. limited to st Sorelizpillover ta |- congestion. Significanthy
Significanthy incidents. Future]Significanthy 5 bridge, which i=]a25). Moderate | Significanthy exacerbated by
exacerbated by Jregular peads exacerbated by |currenthy being  |peak period exdcerbated by lincidents
incidents period congestiondincide nts expanded. congestion West |incidents
forecasted of [-405.
Significanthy
exacerbated oy
incide nts
o0 Patternsiland == Suburban to Urban Freewmay. |Suburban to Suburban Suburban to Suburban to Suburban

urban freeway.
Heawy commute
trip arientation

hultiple intra-,
inter-, and
through corridor

urban freewmay.

Heawy commute

trip arientation

freeway. Links
airport, suburbs,
industrial areas

urban freeway.
Heawy commute
trip arientation

urban freeway.
Heawy commute
trip orientation

circumferential
freevuay. W idely
dispersed frip

tofrom Seattle  Jtrips, Foomfor Jtofrom Seatle  |[vwSeattle. tofrom Seattle  [tofrom Seattle  |patterns. Land use
CBC. Land wze Jland use growth JCBE. Limited hlinimal growth  JCBL. CBLC. Potential Jrelativehy low
built out along atsouth end of Jland use gromth |potential as-is Experiencing for growth at eastldensity.
much of corrider. Jeorridar. potential. [unles= later maore growth than|end of corridor.
lirk ed with 1-57.  Jother carridors-

heawy

recreational

demand.

Topography Lenw el ta Lewrel ta Lewel to Lewel ta Lewel to moderate

moderate tarrain

muaderate terrain

moderate terrain

moderate terrain

terrain

Potentisl Changes

Light rail parallel
to portion of
corridaor

Cammuter rail
parallel to

corridar

Cammuter rail
parallel to
corridar

Light rail parallel
to portion of
corridar

HOW lanes up to
bridge

HOW lanes to mowe
to the inside




Table5-1. Corridor Selection Characteristics(multiple pages)

CORR. 1 CORR. 2 CORRIDOR 3 CORRIDOR 4 CORR. 5

I-5 Horth I-5: Tacoma 1-5 South SR 509 1-90 SH 520 1-405
Current or Future Significant Significant Significant Cangestion an laderate Significant Significant existing
Froblems exizting exizting = afety exizting 1=t Arenue exizting exizting congestion and

congestion and
= afety problems=

problems. Flow
near capacity.

congestion and
=afety problems

South Bridge.
Connection ta -5

congestion and
= afety problems.

congestion and
= afety problems

=afety problems

Future will incre ase ezt of |-905.
congestion. congestion.

Lirnited fccess plus “'es “res “ies ‘res “res “res Limitad alt. routes

Alternstive Routes?

Existing or Potentia MultijCurrenthy Currenthy heawiby [Currenthy Currenthy Heawviest bus Heawvily 50 with

Modal Options? significant bus S0W. Potential |=significant bus significant bus transit in region. [limited
transzit and for commuter transit and transit and hloderate transiticarpooling.
canv anpool rail, increased carhranpool cary anpool carwanpool use, |Some potential for
usage. Future bus and carpool. Jusage. Future usage. Future |GAwg.weh. occ. islincreased bus
rail potential. rail potential. rail potential in [1.77 in Al pedidtransit.

part of corridar.

Data Aov=ilability Real time Exizting Limited real time Real time Realtime Limitad real time
surveillance, wolumes, vehicle [sunceillance, surveillance, supneillance, sunreillance, existing
wolume & speed |occupancies, exizting wolumes, exizting wolumes, |existing volumes, Jvolumes, vehicle
from loops, accident data, wehicle wehicle wehicle ocoUpancies,

CCTYW. Existing [transit data, OCEUpancies, 0CCUpan cies, oocupancies, accident data, transit

wolumes, vehicle
ool pancies,
accident data,
transit data,
=ignal system,
land use and
niebotk model
data.

=zignal system,
land use and
nebote model
data.

accident data,
tran=zit data,
=ignal system,
land use and
nebuok model
data.

accident data,
transit data,
=zignal system,
land use and
netnotk model
data.

accident data,
transit data,
=zignal system,
land use and
nebote model
data.

data, signal system,
land use and
nebuok model data.




In addition to the twelvecorridor selection characteristics, several other analysis
considerations were used to differentiate potential corridors. These considerations included
the availability and status of network models, previous or ongoing planning studies, and the
applicability of prior case study work to theselocations.

For the final selection of a corridor, the seven corridors were recombined into five
candidates. Examining theattributes of the five just four factors strongly differentiated the
choices. These are:

1. Model Readiness: availability of subarea network models.

2. Data Availability (Baseline and Validation): especially good historical traffic flow data
from permanent loop detectors and other surveillance systems.

3. Range of Alternatives (including alternateroutes): existence of a mix of conditions and
modes providing wide latitudefor applying I TS technologies.

4. Transferability: the degree to which the corridor resembles other metropolitan areas.

Each corridor was given arating of favorable, neutral or lessfavorable on this reduced set of
selection factors. These results are shown in Table 5-2.

As shown, the candidate corridors varied little on the model readiness factor. There were
scattered subarea models for all the candidate corridors. The corridor with the most favorable
ratings was Corridor 1, the North Corridor (centered on I-5 north). The telling factor for this
corridor was the operation of the North Seattle Traffic Management Center. This represented
an intensive and historical database of permanent loop detector information, as well an
ongoing surveillance and control capability. In terms of aternative routes, SR 99 parallels -5
in this area up to Everett, and SR 99 itself provided interesting options for arterial treatments.

The corridor also contained light rail and commuter rail proposals from the Regional Transit
Authority (RTA) referendum, that passed a few months after our corridor selection. The
North section of -5 contains an express sedion and HOV lanes, with extensiveramp
metering. All factors considered, Corridor 1 was the dominant choice for our case study
purposes.

5.1.1 The Study Corridor

Evaluating these key fectors, the North Corridor was selected for our case study analysis.
This corridor is described further in Subsection 5.1.2. Figure 5-1 shows the North Corridor’s
relation to the other corridors in the Seattleregion. Figure 5-2 depids the North Corridor
geography in more detail.



Table5-2. Corridor Evaluation Matrix

CORRIDOR|CORRIDOR|[CORRIDOR| CORRIDOR | CORRIDOR

Selection Criteria North Tacoma South Bridge Eastern Circ.
Corridor CBD Corridor Crossing [-405
1. Model @) @) @) @) @)
Readiness
2.Data + o) o) o) o)
Availability
(Baseline and
Validation)
3. Alternatives + + +
Applicability(incl.
Alt. Routes)
4. Transferability + O +
KEY
+ = Favorable O = Neutral = Unfav orable
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5.1.2 Description

The North Corridor contans the two primary continuous north-south routes into the Seattle
CBD---1-5 and SR 99. The dominant traffic flow direction is associated with commuting to
and from the Seattle CBD and the areas immediately south, however, thesetwo routes also
carry the significant contra-flow trafficto Boeing-Everett and other points north of the
Seattle CBD. These routes provide the only two limited access highways of the six routes
crossing the Ship Canal, thewaterway that bisects Seattle west of Lake Washington. The
Seattle CBD can also be goproached from the northeast via SR 522 (L ake City Way) around
the top of Lake Washington. Some of this trafficfilters down through the University district,
but most of this northeast flow will also join I-5 at the junction (Exchange 171) that tends to
be the AM peak choke paint, north of the Ship Canal crossing. The east-west crossing on SR
520 across Lake Washington feeds primarily into I-5 (Exchange 168). Traffic on 1-405 going
around the CBD through Bellevue and Redmond to the esst of Lake Washington largely joins
I-5 (at Exchanges 182 in the north and 154 in the south).

The Ship Canal connects L &ke Washington to Puget Sound and cuts off northern Seattle from
the CBD. The I-5 bridgeand the SR 99 (Aurora) bridge are the two major crossings, along
with four local crossings. SR 99 is alimited access facility through the CBD and across the
AuroraBridge. -5 operates separate, and reversible, express lanes from the CBD, across the
Ship Canal which re-merge north of the bridge. The traffic patterns, in particular duringthe
morning commute, tend to show that the I-5 bridge crossing is not the major bottleneck, but
that the significant flow constraint is the interaction of express lane, HOV crossovers and
ramp traffic near Northgate (Exchange 173), just to the north of the I-5 bridge.

After selecting the North Corridor, we left gpen the issue of the corridor termini. For
emulation of an MIS, a part of the corridor close to the CBD, with both transit and highway
segments, would suffice. As discussed in Section 7, the analysis was conducted on both a
subarea and on aregional scale. We used aregional planning-scale model for the northern
part of the region, and a more detailed traffic simulation model for a subarea closer tothe
CBD. Constraints of the traffic simulation model confined the corridor to the subarea from
North of the CBD to the junction of 1-5 and [-405. The case study corridor was analyzed at
the two scale levels, generally along I-5 from the CBD toward Everett, and extending east to
the planned North-South lineof the light rail trangt system.Seattle voters goproved a
Regional Transit Authority (RTA) plan for light rail service from the CBD and across the
Ship Canal through the Univesity District. In addition, express bus servicewill extend
around the top of LakeWashington, along I-5 and SR 99. Commuter rail will extend near the
shore of Puget Sound, northto Everett. Along with existing bus transit serviceand HOV
facilities on |-5, the selected case study corridor is multi-modal.
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The entire signalized street network in the corridor, along with the freeways already under
TMC control, will be coordinated jointly between WSDOT and the local jurisdictions
through the TMC. This coordination will extend to moreof the corridor the surveillance and
control capabilities tha are now limited to the freeways under WSDOT control. The
coordination also will provide greater latitudefor operational solutionsto traffic congestion,
especialy dueto incidents, or to other unusual conditionsin the corridor.

5.2 Problem Statement

The 1-5 North Corridor becomes a bottleneck to mobility for Seattle’ s topographically
constrained regional travel. Significant highway capacity increases through construction are
unlikely in the densely developed areas extending north from the CBD and across the Ship
Canal. The diversity of modes and facility typesin the study corridor promotes the idea of
using I TS operational approaches.

In keeping with an MIS approach, a general problem statement is formulaed to guide the
identification of altematives, including ITS, and the measures of effectiveness for the case
study. The problem statement for the I-5 North Corridor is:

“Develop and evaluate alter nativesto reduce congestion and improve mability along
the North Corridor extending from the Seattle CBD north to SR 526.”
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6. Alternatives Considered

Given the selected corridor and the transportation problem statement discussed in the
previous section, the next task was to identify anumber of different alternative transportaion
solutions or strategies (referred to as alternatives) that could address the problem. This
section provides insight into the alternative devd opment and screening process (Sections 6.1
and 6.2) and then defines the alternatives studied in the case study (Section 6.3). Each of the
prescribed alternatives is then evaluated according to the analysisapproach (or analyds plan)
described in Section 7. Thus, the development of dternativesis crucial to the overall study
process and is the first major window for demonstrating how to include ITS dements.

6.1 Principlesfor Alternative Development

The study team generally followed MIS guidance (National Transit Institute, Parsons
Brinckerhoff Inc., 1996) for development of the transportation altematives to be evaluated.
The guiding principles for alternative development used in the case study can be summarized
asfollows:

* Include Do-Nothing (No Build) as an explicitly considered alternative (including
existing infrastructure/'services and committed projects)

* Consider awide range of transportation options/ solutions (different modes, ITS,
etc.)

» Consider only “reasonable” alternatives that have the potential to address the
transportation needs and problems

» Ensure that each alternative is distinct from the others
* Refine each alternative to optimize its capabilities
* Keep the number of alternatives manageable

» Ensure that the alternatives address the study goals and objectives (that is, that
they demonstrate I TS-only options, traditional “build” improvements, and
alternatives that arecombinations of traditiond and ITS elements)

* KeepthelTS elementsrelatively consistent in the build alternatives with ITS
while tailoring the I TS strategies to the specific characteristics of the build, in
order to obtain some comparison of the relative performance of acommon ITS
“investment package” across different alternatives

Thelast two bullets in theabove list of guiding principles are quite spedfic to this study and
are not necessarily meant to be turned into gudance on how ITS should beincluded in these
types of studies. For example, keeping a consistent set of ITS elements across any aternative
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with ITS is somewhat constraining and may be at cross purposes with the particular policy
objectives of agiven build alternative. A moreflexible approach would be to change the ITS
strategies or elements in away that would be consistent with the emphasis of a particular
aternative (for example, if the alternative emphasizes transit relative to SOV capacity, then
the ITS elements to be combined with that particular alternative would be only those that are
consistent with the transit emphasis). For the purposes of this study, the experimental design
advantages of keepingarelatively consistent package of ITS elemerts outweighed the
advantages of highlighting the more flexible approach. Although not highlighted in the study,
one of the experimentd design advantages is tha a common package of ITS elements could
actually be thought of as a separate (very aggressive) TSM alternative, upon which the
conventional build alternatives are added.

In order to investigate important technical issues and to simplify the analysis, some MIS
guidelines were not rigidly followed. For example, in order to demonstratethe analysis
approach for Transit Signal Priority and to provide a cleaner comparison, it was not assumed
to be in the Baseline Alternative, even though Sedtle has committed to using thisITS
strategy along afew bus routes in or near the study corridor. Another simplification that was
made early in the study was to combine the Do-Nothing conceptual alternative with the
traditional “lower cost” Transportation System Management (TSM) or Travel Demand
Management (TDM) altematives. This simplification did not compromise the objedives or
applicability of the study and allowed more time and resources to be spent on development of
the build alternatives and analysis approach.

Thelevel of detail tha the alternatives had to be taken to corregponds to the level needed for
performing cost estimation and modeling/evaluation of transportation impacts. The level of
specification needed to do programming level cost estimation was usually thedriving forcein
the final level of detail prescribed. The dternatives design concept, scope, basic configuration
parameters, and high-level equipment requirements were generally specified. Preliminary
engineering-type design options such as exact alignment options or the use of standards are
not addressed by the study alternatives, sincethe intent was to stay at the level needed for
evaluation of transportation impacts .

6.2 Development and Initial Screening of Alternatives

A wide variety of alternatives were initially considered by the study team, resulting in the

following set of conceptual alternatives, which will be elaborated upon in the remainder of
this section:

More detailed engineging, financial and environmental asessments would becarried out in atypcal MIS to support detailed design
and detailed design and environmental analysis



1. Do-Nothing/TSM - a baseline case (the baseline is characterized by
traditional transportation facilities and services as well as programmed ITS
elements). All other alternatives are constructed from this baseline

2. I TS Rich - an alternative comprised only of ITS strategies added to the Do-
Nothing/TSM

3. SOV Capacity Expansion - atraditional type of alternative emphasizing
roadway upgrades and increased general purpose capacity

4. SOV Capacity Expansion PlusITS - an alternative that combines ITS
strategies with the third alternative

5. HOV/Busway - another traditional type of alternative emphasizing HOV and
transit options for addressing the North Corridor’ stransportation needs

6. HOV/Busway PluslI TS - an aternative tha combines I TS strategieswith the
fifth alternative

7. Toll Facility/ Pricing - an aternative tha would introduce toll collection on
the I-5 reversible express lanes as a way of working the demand side of the
problem

8. Toll Facility/ Pricing Plus I TS - an alternative that combines I TS strategies
with the seventh alterndive

9. Fixed Guideway Transit - an alternative tha focuses on fixed guideway rail
service to serve the transportation needs of the North Corridor

10.  Fixed Guideway Transit Plus| TS - an alternative that combines TS
strategies with the ninth alternative

6.2.1 Overview of Conceptual Alternatives

An overview description of each conceptual build alternative (except for the combined
traditional plus I TS atematives) is provided below to better illustrate the nature of the
preliminary set of alternatives (the ITS elements will be discussed in moredetail later in
Section 6.3):

6.2.1.1 ITSRich Alternative

The ITS Rich Alternativeis intended to show how fa the addition of ITS strategies (beyond
Baseline) without any traditional build components could go towards improving the
transportation conditions inthe North Corridor. An aggressive implementation of ITS
strategies in the North Corridor is assumed, composad of traffic management and
surveillance, incident and emergency management strategies, | TS services for transit, and
traveler information improvements.
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6.2.1.2 SOV Capacity Expansion Alte native

Currently, SR 99 parallels|-5 and is both an undivided arterial and a limited access freeway.
From SR 599 to SR 509 in the south, SR 99 is alimited access freeway. It then becomes an
arterial to just before Spokane Street where it then reverts back to a limited access freeway as
it passes through downtown Sesattle. At N 50th Street near the Woodland Park Zoo, it
becomes an arterial once again and continues as such until it connedas with 1-5 near Mukilteo.

Under this alternative, the portion of SR 99 north of N 50th Street would be turned into an
expressway. Thiswould involve limiting access to and from SR 99 by placing medi an
barriers to eliminate turns onto and off of SR 99. This limited access highway could extend to
the King/Snohomish County Line or asfar north as traffic volumes warrant it. Some
suggested access pointsare: N 85th Street, Northgate Way, N 130th Avenue, N 145th Street,
175th Street, and 196th Strest SW.

In addition, SR 525 (in the northern portion of the study corridor) would be widened between
SR 99 and I-5.

6.2.1.3 Busway/HOV Alternative

Under this alternative, the 1-5 freeway would have continuous, barrier-separated, high
occupancy vehicle (HOV) lanes from downtown Sesttle to SR 526 in South Everét by the
year 2020. To achievethis, a movable barrier-separated southbound contraflow HOV lane
would be added on the express lanes during the PM peak from Ravenna Boulevard to Stewart
Street as proposed in the Puget Sound HOV Pre-Design Studies. A series of addtional HOV
improvements would be implemented such as putting HOV lanes on SR 526 (Airport Rd to |-
5) and SR 99 (Winona Ave. N. to CBD), implementing arterial HOV on SR 99 (Winona Ave.
N to Everett Mall Way), and construction of various freeway to freeway HOV connectors and
direct access ramps.

Transit improvements for this alternative woud include completion of atransit lane on SR
522, addition of severd new regional expressbus routes with frequent service, and
construction of severd park-and-ride lots.

6.2.1.4 Toll Facility/Pricing Alternative

Under this alternative, the reversible express lanes that extend from downtown Seattle to
Northgate would become atoll road. Transit and HOV s would be allowed to use these lanes
at either no cost or areduced cost. Thiswould alow non-SOV vehicles to benefit by using an
uncongested highway that would provide adequate speed and reliability. If there is enough
capacity, SOV's could pay atoll and be allowed to use these lanes. By dlowing SOV's to buy
into this roadway, funds could be generated to ensure the maintenance of the facility;
however, the tolls for SOV s would have to be set such that a significantly higher level of
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service is maintained onthe toll road relativeto the 1-5 mainline. Tolls could be based on the
amount of congestion aswdl as by time of the day.

Tolls on other roads in the I-5/North Corridor could be considered as part of this aternative;
however, a significant amount of construction would be required in order to provide the
control needed to implement them.

6.2.1.5 Fixed Guideway Transit Alternative

This aternative would be based on the Regional Transit Authority’s proposal which was
voted in during the November 1996 election. The light rail plan includes twenty-five miles of
a starter system with twenty-six stations within walking distance of major desti nations as
well as connections to local and regional bus service. The line would run from the SeaTac
Airport to the University District connecting Rainie Valley, downtown Seattle, First Hill,
and Capitol Hill. If additional funding can be secured, the line would be extended to
Northgate through Roosevelt. In downtown Seattle, the existing bus tunnel would be turned
share both bus and light-rail use. The northem portion of the light-ral system from
downtown Sesttle to the University District would have nine stations. The segment between
downtown Seattle and the University District would bevia atunnel.

In addition to the light ral, commuter rail service would be in place offering two-way, rush-
hour train service using existing railroad tracks between Everett, Seattle, Tacoma and
Lakewood. The eighty-onemile commuter rail system would include fourteen stations. In the
North Corridor, service between Seattle and Everett would have five stationsin Sesttle,
Edmonds, Mukilteo, Bond Street Station in Everett, and Everett Station. (Stations may adso
be added at Richmond Beach and Ballard if added funding is secured; however, they will not
be assumed for this andysis.)

Implementation of commuter rail would require making track and signal improvements,
improving the capacity of those lines for other passenger and freight trains as well. Park-and-
ride lots, transit centers and stations would also be constructed to support the commuter rail
System.

6.2.2 Alternative Screening Process

Due the nature of thestudy, aformal evaluaion and screening process was not followed in
narrowing down the list of alternatives to further develop and analyze. The study team
decided to drop four of the nine “build” altematives due to scheduleand resource limitations.
In coordination with the Seattle Project Advisory Team, the decision was made to drop
alternatives 7-10 in the above list (Toll Facility/Pricing, Toll Facility/Pricing PlusITS, Fixed
Guideway Transit, and Fixed Guideway Transit PlusITS). Several factors ledto the decision
regarding the particuar alternatives that were dropped. Oncethe decision was made to drop a
conventional build alternative, eliminating the samealternative with additional ITS elements
was a foregone condusion.



The Toll/Facility Pricing alternative was considered to be less generalizable than the other
traditional alternatives and also less likely to be viable given the history and geometric
characteristics of the I-5 Expressway. Another consideration was that an example policy
analysis on the topic of transportation pricing was recently completed for the Sesattle area
(ECO Northwest and Deakin Harvey Skabardonis, 1994). One important finding of the
pricing investigation wasthat substantial public oppostion islikely to be encountered with
the introduction of many of the potential pricing strategies described in the alternative
overview. The previous effort provides a base of information on priadng options and their
analysis, and it was fdt further investigation was not warranted. Ladly, because of the
empirical evidence dready documented (Mitretek Systems, October 1997), there did not
appear to be much interest in developing techniques to evaluate the efectiveness of ITS
strategies such as electronic toll collection systems (which are quite complementary to this
particular aternative). Some of the congestion-based aspects of the alternative would have
been difficult to implement without the use of electronic toll collection. Indeed, amost every
new toll system implemented across the U.S. within the last few years uses some type of
electronic toll collection method.

The Fixed Guideway Trandt alternative was dropped for avariety of reasons, but mostly due
to resource and schedule considerations given that significant network model coding work
would be required in order to evaluate it. Another important reason why the alternative was
not taken any further is that the HOV/Busway Plus ITS alternative coversnearly all of the
potential ITS strategies that can be combined with the Fixed Guideway Transit aternative;
thus, the potential gain inmethodology development experience for incorporating ITS
elements would have been relatively small.

The remaining five alternatives were furthe developed and evaluated. Figure 6-1 illustrates
the alternatives devd opment philosophy used in the case study. The shaded boxes (above the
horizontal dashed line) indicate the final set of alternatives taken into the development,
refinement, and eval uation stages. The dashed lines originating from thel TS Rich box
indicate the commonality of the ITS elements across al build alternativeswith ITS. The next
subsection provides moredetails on the final set of alternatives for the case study, including
more discussion of how ITSwas included with the alternatives.

6.3 Description of Final Alternatives

Thefinal set of alternatives for the case study are detailed and depicted in this subsection. In
the interest of highlighting the incorporation of ITS strategies in the alternatives, more detail
is provided on the specifics of the I TS strategies. The Horizon Y ear for the alternatives
analysisis 2020. Because of itsimportance in setting the stage for theanalysis, the baseline
alternative is described first, with particular attention to the ITS elements assumed to be
present.
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6.3.1 Do-Nathing/TSM Basdine

Following MIS Guidance, the Do-Nothing/TSM Baseli ne (often referred to as the Baseline)
alternative represents the current transportation systems, infrastructure, and servicesand the
projects that have been committed to (financially and otherwise) in thecurrent TIP. In this
case study, the 1996-1998 TIP of the PSRC was used to define the region’s committed
projects, which corresponds to the PSRC 2020 No-Build Nework. The North Corridor
characteristics were covered in Section 5and will not be repeated here. Instead, themajor
traditional committed projects and TSM elements beyond the existing infrastructure and the
ITS elements assumed to berepresented in the Baseline alternative are described.

The PSRC 2020 No-Build Network, which was used as the basis for this alternative, includes
all committed projects within the regional modeling area (inside and outside of the North
Corridor). A separate TSM alternative was not constructed; however, these type of strategies
are assumed to be represented in the 2020 No-Build Network. The following bullets are
indicative of traditiond projects that are currently committed or being built in the North
Corridor study area:

* HOV lanes added between 128th St. SE and SR 526
e 196th St. SW interchange upgrade
* Various arterial street improvements (alsoreflectsTSM)

TSM elements assumed to be in the Baseline include the following examples (some of which
are contained in the 1995 MTP for the Seattle region):

* Intersection modifications and management (channelization, widening, exclusive turn
lanes)

* TDM measures such as ridesharing, and flexible/alternate work schedules (these are
not explicitly addressedin this case study)

» Varioustransit serviceimprovements throughout theregion

Table 6-1 defines the I TS infrastructure and services assumed to bein the Baseline for this
study. The mgjor ITS categories included in the table are Traffic Management/ Surveillance,
Incident and Emergency Management Systems, Advanced Public Transportation Systems
(APTS), and Advanced Traveler Information Systems (ATIS). The table provides a short
description of each ITS element in the Baselineand an indication of thelevel of deployment
assumed in the study corridor. In some cases, assumptions that are crudal to the cost
estimation of the other (build) alternatives are documented in the last column. Whilethe ITS
elementsin the table largely represent the actual Seattle situation and near term committed
plans (including plans based on the Model Deployment Initiative Program), no attempt was
made to exactly represent the current and committed projects, and someliberties were taken
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Table 6-1. Do-Nothing/TSM Baselinel TS Elements (multiple pages)

ITS Efernents

DescHplion

Assumed Lovefof
Dap iy mont

Cost Cons idarations

IIncident and Emergency Manage ment Ba seline

Incide nt
Management
Sitems

All currentfcommitted
programs

Fegion-wide coverage
Mlincident response
v ehic e g

Emermency Traffic
Sonal Priority

Allo s
emergencyffirefmedical
vehicle to gain priorty at
wlected donals
throughout the network
for quickerrespons

Fegion-wide coverage

APTS (Trandt) Ba selin

e

Tra ngt
Management
Grgdem

Son-pog baswed transt
vehicle tracking (AWLD,
GlSand CAD srstem with
2w ay communications
for hedule adherence
monitorng, coordination,
and scurty purposes

kKing Caounty M etro
Trandt - regionffleet
i e

Fegional Hdeshare
Program

Lnksemployeeswith
carpools vanpools and
cugomized busservices

Servescugomersin 8-
county region

Electronic Fare
Favment Sygem

Fegionally integrated
fare card (smartcard)
grdem forcugomer
convenience and
operatorcodg savings+
ehahlesflexible pricing

Fegional (M etro Trandgt,
Community Tra nst,
Fierce Transt, and
Wadington State

Ferries QM EF))

Ttip planningf
customer
Agsdance

Allprogramsdesgned to
upport cudomersneeds
for sshedule and route
information (automated
and manuahe.q.,
Interactive Voice
Fesponse phone sy gem,
BUS-TIM E, Busyiew,
Fegional Automated Trip

Fegional- Metro Transt
asuumed to have mod
advanced sygdem

Suppot srdems

Scheduling, operator
asb@onment, pasenger
counting sydem,

electronic fare hoxes

Fegional

6-10




Table 6-1. Do-Nothing/TSM Baselinel TS Elements (multiple pages)
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Mo semice chame for
the traffic information
ifree)

with the assumptions (as discussed in Section 6.1). For more information, the Sedtle
Application for Participaion in the ITS Model Deployment Initiative Program (1996)
provides additional details on actual existing and planned I TS infrastructure and servicesin
the area.

The Advanced Traffic Management infrastructure included in the Baseline includes WSDOT
Traffic Management Sysgem elements along I-5 and other major freeways such as ramp
meters, surveillance (cameras and vehicledetectors), communications system. As denoted,
good coverage (e.g., 1/2 mile spacing of loops) exists mainly on the freeways. Several
transportation management or operations centers already exist to serve the North Corridor;
the study team assumed that these centers would be capable of implementing the ITS
strategies in the build aternatives (eliminating the need for construction of brand new
centers). The signal system in the Baseline can be described as atime-of-day system with
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traffic responsive elements such as actuation in some areas. The North Seattle ATM S Project
is assumed to be completed providing the communicationsinfrastructure and techniques for
sharing of traffic-related data and coordination of operationsfor traffic management systems
of 15 jurisdictionsin North Corridor. This project isimportant to the Baselinesince it
provides ful North Corridor coverage and connects thetransportaion management systems
in nine cities, two counties, three transit agendes, and WSDOT together with a
communications infrastrucure which can be leveraged in the build alternatives.

The Incident and Emergency Management Systems assumed in the Baseline basically
consists of existing and committed programs. In the Seattle area, WSDOT hasten incident
response vehicles that are in radio contact with WSDOT and Washington State Police.
Information on the incidentsis relayed to FLOW systam operators for distribution to the
media and the public. Emergency vehicles cangain priority at selected traffic signalsin the

region.

Several I TS-related dements relevant to thestudy are included in the Baseline under the
APTS category, including transit management systems, rideshare programs, electroni c fare
payment, trip planning/customer assistance, and other supporting systems. These types of
transit applications havealready been implemented in Seattle. Many of them are being
upgraded as part of the Model Deployment Initiative Program in Seattle (which can be
considered to be committed for the purposes of this study). As stated ealier, no transit
priority system is assumed to be in the Baseline alternative.

For ATIS, the Baseline assumptions roughly correspond to actual conditions. Advisory-based
traveler information (based largely on reports of incidents, severe congestion, and major
transit service disruptions) is considered to be widespread and includes (1) public display
devices such as Variable Message Signs (VMS) and information kiosks, (2) broadcast
systems such as radio trafic reports, FM subcarrier systems such as being tested with a small
number of usersin Seattle, and Highway Advisory Radio (HAR), and (3) other systems such
as the cellular phonetraffic information sarvice. Free, publicly available multi-modal pre-trip
planning information is assumed to be available viathe Internet (similar to the current FLOW
map), telephone information, and cable TV distribution. Approximately 5% of travelers are
assumed (for analysis purposes) to use thisinformation to help plan their travel. Travelers are
assumed to use equipment bought for other purposesto gain access to this pre-trip
information (such as acomputer or telephone).

It should be reiterated that all other build alternatives consist of changes or additions to the
Baseline alternative. This appliesto ITS elementsas well as the traditional transportation
elements.

6.3.2 ITSRich Alternative

The ITSRich Alternativeis intended to show how far the addition of ITS strategies (beyond
Baseline) without any traditional build components could go towards improving the
transportation conditions inthe North Corridor. An aggressive implementation of ITS
strategies in the North Corridor is assumed, for two primary reasons. Firg, this assumption
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allows an assessment of how the costs and impacts of this alternative measure up against the
more traditional alternaives. Second, it providesthe study team the opportunity to
demonstrate the evaluation methods that can be applied to a variety of ITS strategies. Figures
6-2, 6-3, and 6-4 depict the key ATMS and APTS strategies included in the ITS Rich
Alternative. Table 6-2 provides a description of each element in thel TS Rich alternative and
an indication of the level of deployment assumed in the study corridor. Assumptions that are
crucial to the cost egimation are documented in the last two columns.

The ATMS improvementsin thel TS Rich alternative indude a signal system upgreade
throughout the key arterial routes in the North Corridor. This advanced coordinated/ adaptive
signal system is assumed to bebased on the use of traffic responsive elements, cross-
jurisdictional coordination, integrated ramp metering and arterial control, use of emerging
signal control algorithmsinthe research community, and use of standardsfor compatibility.
Figure 6-2 shows the primary and secondary corridors of the advanced signal system that
assumed to be used for the AM peak period (which is the period of time being modeled, as
discussed in Section 7). The primary corridors, which are assumed to be favored over
secondary corridors for receiving green-wave priority in the signd optimization, correspond
to the key north-south routes providing significant capacity during the AM peak. Because of
the variety of travel patterns south of 130th Street and north of the ship channel, a network
control grid operation is assumed to be in place at the intersections in this area (which
includes the University District). More about these assumptions and their implications for the
analysisisdiscussed in Sedion 7.

Also included as an ATM S improvement is an expansion of the traffic management system
surveillance and communications infrastructure along the major freeways and state routes in
the northern part of the study corridor. Figure 6-3 portrays these extensions to the Baseline
along I-5, SR 526, and SR 525. These extensions will allow better freeway management and
improved incident management detection, verification, and response capabilities. In addition,
the quality and quantity of real-time trafficdatafor ATIS isimproved.

Incident and Emergency Management Systems tend to be regional in natureand are hard to
confine to the North Corridor. The associated improvements assumed in the ITS Rich
Alternative are:

(1) A fleet tracking and management system, with Dynamic Route Guidance
capabilities added to the 10 (Baseline) incident response vehicles, to enable
faster response to inddents

(2 Mayday Support Systems that dlow GPS-based information onincident
location and other critical information to be transmitted to and received by the
incident response dispatch center

The assumption for the Mayday Support Systems is that the public sector costs only include
the communications equipment and software needed to capture this type of information.
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Table6-2. ITSRich Alternative Improvements (multiple pages)
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Table6-2. ITSRich Alternative Improvements (multiple pages)
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Table 6-2. ITSRich Alternativel mprovements (multiple pages)
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The private sector isassumed to be providing the Mayday service, and those costs (including
in-vehicle costs) arenot included in the ITS Rich Alternative.

APTS improvements under this alternative include an aggressive transit priority system
implementation and an enhanced transit management system. Figure 6-4 depictsthe transit
priority routes for thel TS Rich Alternative. All of the streets outfitted with transit priority
equipment are also upgraded signals under the ATMS plan (many of them fdl along the
primary corridors such as SR 522, SR 99, and 15th Ave. NW. The transit vehicles are
equipped with atransponder tag (identification tag) in order to be detected as they approach
the equipped intersections. Depending on the trafic conditions and state of the signal, a
decision can then be made to extend the green phase (or provide an early green phase) in
order to allow the busto clear the intersection. There are a variety of operational strategies
that can be employed, some of which would only be activated if the bus is behind schedule.
However, an important paint to remember is that notraditional infrastructure improvements
such astransit-only or HOV lanes, widened lanes, bus turnout bays, special transit bypasses,
or other similar improvements beyond the Baseline are assumed to be provided inthe ITS
Rich Alternative. This may limit the effectiveness of the transit priority system, since the bus
traffic typically shares lanes with other vehicles and may not be able to get to the front of the
intersection queue in order to obtain the benefits of the priority scheme

The other APTS improvement assumed for the ITS Rich Alternative is an enhanced/
expanded transit tradking and management system. A GPS-based system with two-way data
and voice communications between buses and the d spatch/operations center provides the
ability to track and communicate with the buses at any location and any timewithin the
coverage area, and is useful for security reasons as well asoperational reasons. The system is
assumed to provide a wealth of information on schedule delays and estimated arrival times
for ATIS users. Because atwo-way communications system exists for the King County
Metro fleet in the Basdineg, it is assumed to carry over to this alternaive.

Many of the ITS applications relevant to transit are regional in nature. Transit priority, which
is highlighted in this analysis is the obvious exception. Because many transit-related ITS
applications are already included in the Baseline alternative, there was no need to include
them under ITS Rich.

The ATIS services assumed in the ITS Rich Alternative include enhanced advisory-based
traveler information, multimodal personalized pre-trip planning, and dynamic route guidance.
The level of deployment and market penetration, assumptions on the informaion availability,
and cost assumptions and dements are discussed in Table 6-2. The deployment assumptions
made are that the private sector offersthe advanced ATIS user services to consumers, and a
certain level of market penetration is exogenously assumed (the assumption is that the
services have been dffered for a whileand the market penetration corresponds to asteady-
state value). Though the method of data sharing is not critical to our analysis, the public and
private sectors are assumed to share traffic data, so that full set of information on network
conditions and transit services are availableto the multimodal personalized pre-trip planning
and dynamic route guidance customers (but not the advisory-based travele information
users).
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For the advisory-based traveler information, additional variable message signs, kiosks, and
highway advisory radio sites are assumed to be put in place under this dternative. Public
access internet is still assumed to be provided, but given its characteristics relative to the
advanced ATIS services, it is characterized more aong the lines of the basic traveler
information. Given the improved surveillance capabilities that are assumed in the ITS Rich
Alternative, it is more likely that a higher percentage of travelers will believe the information
provided to be credible and will respond to it than in the Baseline.

The multimodal personalized pre-trip planning service is assumed to be a new service that
combines detailed knowledge of network conditions and planned events such as construction
activities with knowledge about transit conditions in order to provide customers with
comparative information on the outcomes of using different travel modes and routes for their
trip (before they depart). It is assumed to be personalized with traveler preferences on travel
modes, normal destinations, etc. The travelers are assumed to be able to choose a mode based
on the service, and, if the mode chosen is automobile, then the currently fastest route (at the
departure time) is assumed to be provided to them. No real-time updates are provided after
they depart (although they can still receiveadvisory-based information). Ten percent of
travelersin the study corridor are assumed to use this service. Although no unique capital
requirements are levied, since the customersuse equipment bought for other purposes to
receive the service, amonthly fee of $10 is assumed to handle the total cost transfer
requirements to the private sector information service provider.

Dynamic route guidance is another new service assumed under the ITS Rich Alternative. In
addition to receiving regular route updates based on current traffic conditions, the vehicles
are assumed to be cgpable of reporting thar travel times on certain links as they traverse the
network (providing probereports). Ten percent of SOV and HOV travdersin the study
corridor are assumed to use this service. The capital requirements include in-vehicle
equipment costs of vehiclelocation system, map database, and communications equi pment,
processing hardware and software, and a graphical user interface/display and/or speaker
system. A monthly fee of $10 is assumed to handle thetotal cost transfer requirements for the
real-time updating to theprivate sector information service provider. Another monthly fee of
$5/month is assumed to handlethe marginal charges for data communications.

The ATIS services discussed above highlight some challenges mentioned in Section 3
regarding incorporating I TS into corridor-levd planning studies. These include making
assumptions about the private consumer marketplace and associated resource requirements,
public-private partnerships, and the decision-making context. These issues will be discussed
further in the last sedtion on analysis and implications of the case study (Section 10).

6.3.3 SOV Capacity Expansion Alternative

Currently, SR 99 parallels|-5 and is both an undivided arterial and a limited access
expressway. From SR 599 to SR 509 in the south, SR 99 is alimited access freeway. It then
becomes an arterial to just before Spokane Street where it then reverts back to alimited
access freeway as it passes through downtown Seattle. North of downtown to Winona
Avenue N (just past theWoodland Park Z00), it operates as a divided arterial expressway.
Other than at interchanges through this section, access is by right turnon and off only. North
of Winona, it becomes an arterial once again and continues as such until it connects with -5
near Mukilteo.
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Two potential options to upgrading SR 99 were initialy studied:

@ Arterial expressway option: the portion of SR 99 north of Winona Avenue N
would be improved to operde as an arterial expressway

(b Elevated expressway option: a viaduct structure providing two lanesin each
direction would be built above the existing SR 99 roadway from Everett Mall
Way in south Snohomish County to just south of Winona AvenueN.

Option (a) was selected and further devel oped as the most promising and realistic of the two
alternatives. Both options would have environmental issues (particularly rdated to ROW and
aesthetics) to overcome, but the arterial expressway option is generalizable in terms of
alternative types and methodol ogy development. It should be emphasized that this option is
not supported locally, and while generically feasible at the planning level may have detailed
engineering issues to overcome at specific locations (again, detailed engineering was not
carried out as part of this analysis method case study).

Figure 6-5 depicts the dternative configuration and limits. Under this aternative, the portion
of SR 99 north of Winona Avenue N would be improved to operate as an arterial expressway,
similar to how it currently operates between downtown and Winona Avenue This would
involve limiting access to and from SR 99 by placing median barriers to eliminateleft turns
onto and off of SR 99. Thislimited access highway could extend to the King/Snohomish
County Line or asfar north as Everett Mall Way in south Snohomish County if traffic
volumes warrant it. Interchanges would be built & ten critical intersections, and grade
separated crossings at nine others (see Figure 6-5 for locations). Most of the interchanges are
assumed to be tight, full diamond interchanges with hi-directional ramps. Dueto its
characteristics, apair of half-diamond interchanges is assumed for N 80th Street/Green Lake
Drive/N 85th Street. Another component of the SOV Capacity Expansion Alternative is that
SR 525 (in the northern portion of the study corridor) would be widened from 2 to 4 total
lanes between SR 99 and I-5. Several King County Metro and Community Transit routes are
affected by this alternative.

6.3.4 SOV Capacity Expansion Plus | TS Alter native

This alternative combinesthe traditional improvements of the SOV Capacity Expansion
Alternative with the ITSstrategiesin the ITS Rich Alternative. The traditional improvements
remain exactly as spedfied in Section 6.3.3. Theonly changes to the I TS strategies from the
ITS Rich specification are attributed to the characteristics of the SOV Capacity Expansion
alternative. These changes are mainly oriented to the SR 99 Expressway:

e Thesigna coordination system around the upgraded expressway needs to be
changed. SR 99 mainline won't have signals within the Sudy area, because of the
introduction of the expressway with interchanges and grade separated crossings.
However, the intersection of the ramps and the cross streets for the new
interchanges will be part of theoverall coordinated/adaptive signal system.
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* The SR 99 expressway isinduded as a part of the TMS (surveillance) expansion
plan in the corridor, because of its charecter as alimited access, higher volume
expressway. This segment, which is an addition to the ITS Rich expansion plan,
would extend along the length of the upgraded expressway and also south of
Winona down across the bridge over the ship channel.

* A ramp meter installationis proposed for the ranp from SR 99 to SR 525 SB, in
order to provide the opportunity to meter the flows being fed into 1-405and I-5.

Figure 6-6 shows these changes in context with the SOV Capacity Expansion components.
6.3.5 HOV/Busway Alternative

Figure 6-7 depicts the roadway improvements and other physical enhancements of the
HOV/Busway Alternative. Under this alternative, the I-5 freeway woud have continuous,
barrier-separated, high occupancy vehide (HOV) lanes from downtown Seattle to SR 526 in
South Everett. To achieve this, it would require adding a movable barrier-separated
southbound contraflow HOV lane on the express lanes during the PM peak from Ravenna
Boulevard to Stewart Street as proposed in the Puget Sound HOV Pre-Design Studies This
would require adding a new lane through the University District and lane conversion between
the north end of the Ship Canal Bridge and Stewart Street. A ramp at NE 42nd Street would
provide bus access to the southbound contraflow lane.

The HOV lanesin the I-5/North Corridor would become an “HOV Expressway’ by adding
new direct access ramps to/from park-and-ride lots and bus flyer stops and barrier separating
the HOV lanes from the general purpose lanes. HOV access would be provided to I-5 near
the International District Station in downtown Seattle A new freeway to freeway HOV
connection would be provided by constructing a reversible HOV ramp between SR 520 and
the I-5 express lanes. At the I-5 expresslanes and NE 50th Street, anew HOV ramp would
provide direct access to and from the Northwhile at 1-5/NE 145th, direct access ramps would
be added to and from the south.

In Snohomish County, direct access/freeway-to-freeway HOV improvements would include:

» Direct access to/from the south and the north at the Lynnwood Park and Ride
* HOV-only interchange ta/from south at 164th/SR 525

» Direct access to/from south at 1-5/SW 128th Street

» Direct access to/from south at 164th/Ashway Park & Ride Lot/I-5

* SR 5261t01-5HOV connection to and from the south

* |-5/1-405/SR 525 HOV connections

Other physical improvements which comprise the Busway/HOV Alternative arethose
included in the long-range plan for the region, including completion of HOV lanes on SR 99
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Other physical improvements which comprise the Busway/HOV Alternative arethose
included in the long-range plan for the region, including completion of HOV lanes on SR 99
and SR 526 and atransit lane on SR 522.

Figure 6-8 depicts the transit service improvements of the HOV/Busway Alternative. In
keeping with the proposed RTA plan (Regional Transit Authority, 1996), nine new regional
express bus routes would be added to provide access to Seattle and North King County
centers. The routes would provide fast and frequent service (most would have 15 minute peak
and 30 minute off-peak headways) throughout theday, connecting communities such as Lake
Forest Park, Northgate, Shoreline and West Seattle to the region. The Everett to Seattle vial-5
route is considered to run with 10 minute peak and 20 minute off-peak headway. The express
bus routes are bi-directional (i.e., serveboth directions with layovers) and travel non-stop
along expressway and mgor arterial stretches (the stops are indicated on Figure 6-8). Four
new regional express bus routes would connect Snohomish County to such desti nations such
as Everett Community College, Alderwood Mall, Everett mall, Southeast Everett/Boeing, the
Technology Corridor (Canyon Park), the University of Washington and Microsoft. The new
regional express routes include:

» Everett to Seattle vial-5

» Everett to SeattleviaSR 9

* SW Everett to Bellevue viaSR 527

* Lynnwood to Bellevue via I-405

e Woodinville to Northgate via SR 522

* Northgate to Issaquah vial-5, SR 520, and 1-90
* University District to Redmondvia SR 520

» Seattle to Bellevue vial-90

6.3.6 HOV/Busway Plus|TS Alternative

This alternative combinesthe elements of the HOV/Busway Alternative with the elements of
the ITSRich Alternative in order to see their effectiveness when combined. The traditional
improvements remain exactly as specified in Section 6.3.5. There are only very minor changes
to the configuration of ITS strategies from thel TS Rich specification; these are attributableto
the changes introduced by the construction and service characteristics of the HOV/Busway
alternative. These changes are discussed bel ow:

* Thesigna coordination/ramp metering system may need some very minor
tailoring (changesin signal locations, operations plan adjustments, etc.) to account
for new HOV direct access ramps. Boulevard to Stewart Street as proposed in the
Puget Sound HOV Pre-Design Studies. This would requireadding a new lane
through the University District and lane conversion between the north end of the
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Ship Canal Bridge and Stewart Street. A ramp at NE 42nd Street would provide
bus access to the southbound contraflow lane.

The HOV lanesin the I-5/North Corridor would become an “HOV Expressway” by adding
new direct access ramps to/from park-and-ride lots and bus flyer stops and barrier separating
the HOV lanes from thegeneral purpose lanes. HOV access would beprovided to 1-5 near the
International District Station in downtown Seattle. A new freeway to freeway HOV
connection would be provided by constructing a reversible HOV ramp between SR 520 and
the I-5 express lanes. At the I-5 expresslanes and NE 50th Street, a new HOV ramp would
provide direct access to and from the Northwhile at I-5/NE 145th, direct access ramps would
be added to and from the south.

In Snohomish County, direct access/freeway-to-freeway HOV improvements would include:

e Direct access to/from the south and the north at the Lynnwood Park and Ride
* HOV-only interchange ta/from south at 164th/SR 525

» Direct access to/from south at 1-5/SW 128th Street

» Direct access to/from south at 164th/Ashway Park & Ride Lot/I-5

* SR 5261t01-5HOV connection to and from the south

* |-5/1-405/SR 525 HOV connections

Other physical improvements which comprise the Busway/HOV Alternative arethose
included in the long-range plan for the region, including completion of HOV lanes on SR 99
and SR 526 and atransit lane on SR 522.

Figure 6-8 depicts the transit service improvements of the HOV/Busway Alternative. In
keeping with the proposed RTA plan (Regional Transit Authority, 1996), nine new regional
express bus routes would be added to provide access to Seattle and North King County
centers. The routes would provide fast and frequent service (most would have 15 minute peak
and 30 minute off-peak headways) throughout theday, connecting communities such as Lake
Forest Park, Northgate, Shoreline and West Seattle to the region. The Everett to Seattle vial-5
route is considered to run with 10 minute peak and 20 minute off-peak headway. The express
bus routes are bi-directional (i.e., serveboth directions with layovers) and travel non-stop
along expressway and major arteria stretches (the stops are indicated on Figure 6-8). Four
new regional express bus routes would connect Snohomish County to such desti nations such
as Everett Community College, Alderwood Mall, Everett mall, Southeast Everett/Boeing, the
Technology Corridor (Canyon Park), the University of Washington and Microsoft. The new
regional express routes include:

» Theintroduction of arteial transit lanes will have an impact on the operation of the
Transit Priority system along SR 99 and SR 522 and 196" Street, SW. Because
transit vehicles now have their own lane, queue spill-back is likely to be less of a
problem. The overall aility of the Transit Priority system to facilitate bus
movement (according o the operations policies established) will be enhanced along
these streets.
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7. AnalysisApproach

The following section discusses the analysis approach developed to perform the shadow MIS
study. Section 7.1 describes project goals and objectives including some raionale for the
technical analysis approach and process caried out for the Seattle area case study. Section 7.2
outlines the steps of the process used in the case study. An overview of the regional processand
the enhancements made for the study is provided in Section 7.3. An overview of subarea
simulation is provided in Section 7.4 and details of how it isused to model ITS elements are
described in Section 7.7. Section 7.5 describes the interface between the regional processand the
subarea simulation. The development of represantative day scenariosis discussed in Section 7.6.
Section 7.8 presents the cost approach and assumptions.

7.1 Goalsand Overview
The goals and objectives for the case study are:

1 Develop an integrated model system that evaluatesthe unique aspectsof ITS
strategies (impacts/bendits/costs) along with more traditional corridor
improvements. Traditional corridor dternatives have in the past focused on capecity and
other improvements designed to relieve expected or recurrent congested conditions. The
analytic techniques, methods, and measures of efectiveness have as a consequence also
focused on capturing theimpacts on average travel and conditions. However, many of
transportation problems, delays, and congestion tha occur in the real world are the result
of non-recurrent incidents, inclement weather, or operational inefficiencies. Traditional
corridor study methods and measures of effediveness tend to be insengtive to solutions
such as I TS strategies designed to address problems arising from these non-recurrent and
operational issues. I TS strategies focus primarily on improving operations and the
transportation system regponse to changing conditions, improving reliability of the
system, and letting travelers know the true condition of the transportation system
(reducing knowledge gagp between perceived and actual conditions).

One central goal for the technical process wasto develop a set of integrated methods that
incorporate in the andysis the types of problemsthat I TS strategies are attempting to
remedy and potential solutions. This includes the systam’s reaction to varying non-
recurrent conditionsand the impact of information. Another important aspect of this same
goa was to implement the process in an integrated framework that can analyze the net
effect of the traditional and ITS elements in an overall solution to the corridor’s
transportation needs. Thisis especially important since the impacts of each element in an
overall corridor solution may interact producing results that are not amply the sum of the
individual element improvements.

2. Build upon existing models and techniques to show what can be donetoday. The
study also focused on buildng and testing eval uation methods that are based upon, but
extend, the methods and techniques that exist today. A number of techniques are
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available to practitioners today to incorporate I TS into ongoing corridor studies and MIS
analyses. Regional Forecasting processes based upon the traditional four step travel
demand process, which are typically used as theframework for MIS technical analyses,
focus on the expected or average conditions. On the other hand simulation models such as
those used by Mitretek to evaluate the National ITS Architecture expliatly address the
variation in conditions, traffic operations, and availability of information within the
system. These simulation models were also extended to address assignment and mode
choice as part of theoverall travel forecasting process (tradtionally only assignment is
carried out in simulationtools). They also tradedff more precision and detail in the
subarea with the size of the problem they can address. The challenge was how to combine
and extend both of these modeling approaches into an integrated framework to study both
traditional alternativeand I TS strategies at the same time.

Conduct a“shadow M1S’ by anayzing a problem of similar size, scope, and
complexity as might be found in actual MIS effort. Often research iscarried out on
small test problems to devdop prototype methods that may prove difficult to implement
in actual studies. The size of real world problemsis often larger than research test cases,
or the aternatives much more complicated and “messy”. An important asped of the
technical analysis wasthusto baseit on a“realistic” area, using base networks and
models that might be found inactual MIS efforts. Thestudy approach afforded the
opportunity to experience and address problems and technical difficulties that
practitioners might actudly encounter. The study and alternatives chosen for analysis
have been previously described in Sections 5 and 6.

Produce M easur es of Effectiveness and comparisons between the Study Alter natives
that reflect typical MISissues and capturetheimpactsof I TS strategies. A key phase
in any MISisthe development of the measures of effectiveness that are used to evaluated
the alternatives under study and reflect theissues/concerns of those in the community
making the decision. Typically, measures of transportation service, costs, mobility and
system performance, financial burden, and environmental/community impacts are
considered. These measures, however, areusually only calcul ated based upon the average
weekday or expected conditions. Variation in conditions and the transportation system
responseto it is not part of the analysis and consequently does not enter into the decision
process. |ncorporating measures of variation is key to showing the benefits of ITS and
other straegies focused on improving the operation of the system.

Develop a methodology to define the representative day scenario data necessary to
capture the conditions and effects of non-recurring congestion. Previous studies have
shown that I TS strategiescan have significant impact on anomalous traffic conditions
that, even though they are relatively rare can contribute a disproportionate amount of
delay and other costs. How to define a set of scenarios that capture these anomal ous
conditions and assess thetransportation system'’ s response to the problems they create
(both with and without ITS) was a major part of the study effort.
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I dentify areas whereimproved methods and/or tools areneeded for thistype of
analysisand further research may be warranted. Incorporating I TS straegies into the
planning process and into corridor studies specifically is still in the early stages. This
effort was never intended to provide the final answer on how to incorporate every
possible ITS strategy under all potential MIS efforts. Rather, it provided an opportunity to
understand what can be done with existing techniques, where the problems lie, and where
to direct future devd opment efforts.

7.2 Analysis Framewor k

A goal of the case study wasto follow the andytic steps of atypical MIS study and use/devel op
methods applicable to an actual MIS effort. Issues and concerns that might actually arisein real
world settings could then be experienced and addressed. Consequently, the steps followed in
carrying out the casestudy were:

1.

Definition of the MOE’ s toreflect important god s/objectives and reflect the impacts of
the potential alternatives under study.

Development and testing of the travel forecasing process.

Development of database/network for defining the transportation altematives and
preparing data for the base year system vdidation.

Validation of both the regional and subarea simulation travel forecasting processes and
their interface using base year data.

After validation, the devel opment of the methods, techniques, and model parametersis complete.
The resultant “analysisprocess’ was then applied to the horizon year as follows:

5. Definition and refinement of alternatives.

6. Coding and representation of alternatives within the forecasting system

7. Production of the travel forecasts

8. Production of travel and cost related measures of effectiveness.

0. Calculation of environmental and other impact mesasures using post processing.

10. Evaluation analysis and comparison of aternatives.

These steps are discussed below highlighting the issues and concerns important to the evaluation
of ITS strategies.

1. Define M easur es of Effectiveness. The issues and concepts associated with defining the

MOE’sinaMISto accountfor ITS have already been discussed in Section 3. Again,
defining the Measures of Effectiveness to be used in the evaluation analysisis acritical
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first step in any corridor study because it is the combination of measures and potential
aternatives that determine what methods must be devel oped and used to forecast travel
and other impacts for each aternative. If ITS impacts are to be captured in the analyss
the calculation of thetraditional MIS measures (change in travel time and cost, vehicle
miles traveled, mode share) must be sensitive to the operation of the systemand the
variance of conditions. Additional measures should also be included to reflect the
system’ s response to variation in conditions and changes in information.

Consequently, early in thestudy substantial effort was spent in defining thedesired set of
measures and how they might be produced. Table7-1 provides alist of candidate
measures and those selected for incorporation in the study. The casestudy focused on the
travel and cost related MOE' s directly derived from the alternative definition and travel
forecasting process. These included the traditional measures such as changes in travel
time by mode, throughput, mode choice, vehicle miles traveled, and costs. Additional
measures that would capture the operations and impacts of I TS were examined including
deferred trips, incident delay reduction, standard deviation of travel times, and number of
vehicle stops within the sygem. Asdiscussed later in this section other equally important
impact measures, such as changesin air quality, were not focused on as part of the study.
While ITS aternatives are expected to yield different numerical results, the calculationis
not explicitly afunctionof 1TS and no methodologicd development would be induded.

Develop Travel Forecasting Process and M OE Production Maa os. Once the
candidate MOE'’ s are defined the travel forecasting process can be developed. The travel
forecasting process is the overall set of analytic methods used to cgpture the changesin
travel caused by each future transportation alternative. It provides the foundation for the
measures of effectiveness calculation and alternative evaluation. In traditional MIS
studies aregiona network based travel forecasting process is borrowed or developed as
the basic travel forecasting tool. Operationd strategies or variaions in conditions are not
generally considered. In contrast, Figure 7-1 shows the travel forecasting process and
analysis flow developedfor the study. It includes:



Table 7-1. Impact Measuresfor Alternative Evaluation

Primary outputs/ measures

Travel fime by mode (HOW S0 Transit)

Throughput (person, vehicle)

Mode choice | Trips by mode

WIT By mode (HEW S50%, Transit)

PMT by mode (HOV, S0V, Transit)

Peal Period “ehicle stops/starts

Deferred Trips

Capital costs

D&M costs

Derived

MEASLES

Yalue of time savings

Delay reduction (recurrent and incident)

hode shift from SO%

Congestion index

LOS by link

Reliakilitiy and “ariance reduction (Standard dev. of arrival tirmes, travel imes)

M obility Incex

Alternate Measures Considered

ALcidents

Fatalities

Alr ermissions

LIsefulness of information

Energy consum ed

Equity

Utilization of services (averane vehicle occupancy, ransit load factor)

Murnber of person trips with error in noutedm ode choice. due to poor information

Trawel ime/Best Information trawvel tim e

ACCessibiity

A regional forecasting process to predict the regional travel patterns and
perceived/expected conditions.

A subareatravel simulation to capture the operational characteristics of the subarea
and the variation within the analysis period.

Representative day scenario analysis to represent non-recurrent conditions

Feedback to ensure that the impacts to expected conditions estimated in the subarea
travel simulation are also refledted in the regiond analysis.



Base Casze nebmodes
Far Analysis year

Base Caze Analysis

Caode Alt. Changesin
Fegional Netwars

1. Traditional

21T5.

Code Alernative in
Regional Netwares
Based upon Detailed
Crefinition

— — M Results

Base Case
Simulation

dCross

scendrios
I

Auerage

Impacts I
=  From

Simul.

"EhiMESZ"
Regional "INTEGRATION"
Travel Forecasts
7 | 5ubearea Zeen.n
- - Simulation
Sub- 1. Trad. Scen 3.
l&re a 2. 0TS,
RETTN o Seen 2.
- \
Scenario 1
_\\‘Incident
Constroe.
e ather
Hi-lo Drem.
5
Feedback to Regianal
Farecast Process
Regional forecast Process, Initial Sub-area Scenario
Captures average Traffic Simulation Analysiz
"perceived” conditions Captures re-current To Capture
for analysis period (hipe of conditions, time non-recurent
day, time of day, ex wariation within conditions,
awerage weekday Ah Peak simulation peried, traveler

3 hour Period.)
Regional travel pattarns
Fegional Diversions

traffic aperations.

infarmation

Figure 7-1. Analysis Flow Overview

7-6

Calculation of
change in perceived
canditions, statistics
AGI0ss SGenarios

Feedback to regional models
Bazed upon change from
Basze.



In order to mirror a set of methods/processes used in actual MIS studies, it was decided to
adopt the Puget Sound Regional Council’s currently approved regional forecasting process as
a starting point for the study’ s regional process. This travel forecasting application is
implemented in the EMME/2 travel forecasting platform developed by INRO Consultants.
The regional forecasting process provides the regional travel patterns, trips, mode shares, and
average trip measures for each alternative.

Outputs from the regional analysis mug then be interfaced with the more detailed analysis
provided by the subareatravel simulation process. Thislevel captures the time-variant and
operational detals of the transportation system. At thislevel the detailed traffic operdions,
gueuing, and buildup/dispersion of demand is captured and the accuracy of the traveler’s
information on the system can also be represented. The subareatravel simulation was
developed using the INTEGRATION 1.5x simulation package due to its ability to represent
Advanced Traveler Information Systems (ATIS) and other key features (Van Aerde &
Hellinga, 1995). INTEGRATION focusesits analysis around trips from each origin to each
destination (similar to the regional models), but can also trace how vehicles actualy move
through the network. Thisis an important factor for incorporating mode choice, route
guidance, and other ITS strategiesin the analysis.

Figure 7-1 depicts the use of representative day scenarios for capturing the non-recurrent
variation in demand due to incidents, weather, construction, and other events. Expanding the
analysisto include the variation in conditions when incorporating I TS elements into the
analysisiscritical to capturing their true impacts. Each scenario is selected to capture atype
of incident/occurrence representing atypical day that may lead to the traveler experiencing
very different conditions and possibly a different travel choice. Figure 7-2 shows some of the
issues that determine how/why the scenarios are selected.

An important consideration is the randomness of the event and its area of influence. The
system response to alocal predictable event such as construction may be very different to a
global unpredictable event such as a snow storm.

Last, the interface between the regional forecasting process and the subareatravel simulation
and feedback between the two are important components of the overall travel forecasting
process. Because where people are coming from and going to is very important when
providing and representing information in the analysis, the interface should not simply “cut”
the ssmulation network from the regional system. Rather, a focusing approach is needed
which preserves the ultimate origin and destination of each trip, the characteristics at each
trip end, and the travel time/cost tha occursin reaching/leaving the simulation subarea..
Likewise, it iscrucia to use asimulation system which maintains the origin, destination, and
route of the tripsin order to provide route choice and diversion information to them. As
explained in Subsection 7.5 macros and procedures were developed to capture the trips
traveling through the subarea and convert them to the subarea simulation zone structure.
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Figure 7-2. Importance of Scenario Definition
Procedures were also developed to produce focused networks converted to the INTEGRATION simulation software
format.
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Within the interface feedback beween the two levds of analysisisimpaortant to
capture how ITS srvices may impact expected, or average conditions. As shownin
Figure 7-3, the improvementsin reliability and/or variation may also have an
impact on the perceived/expected conditions represented in the regional model
system that can in turn influence the day-to-day travel decisions individuals make.
If the chance that they will be an hour late when they take transit (due to missed
transfers, unreliable service, or other factors) can be eliminated, the average travel
time isimproved andthe likelihood that they will take transit increases. The results
from the representative day simulations are therefore combined to estimate the
change in expected, or perceived, conditions and fed back to the regional travel
forecasting process.

Develop Database/Network. Initial network representation and data base
collection/ devd opment are also very important steps in establishing theanalysis
framework for an MIS. During this process the additional dataand level of effort
required to support I TS and other system operation evaluations will be significant.
Networks used to support regional forecasting are typically coded to represent
major facilities and travel movements under average conditions. Additional network
detail isusually required for subarea simulation to capture turning bays and
movements, interchange configuraions, and traffic operations. Adding this detail
requires additional data collection on signal location, signal timing, intersection
design, turning restrictions, and other operational details.

All travel and network performance information must also be broken out and
collected for small time increments within the analysis period (every 5,10,15
minutes). Typically, regional models are validated to daily or peak period totals and
more detailed information is not maintained within the regional data systems. To
capture ITS benefits, information is also needed on non-recurrent events within the
system and their impacts. Thisincludes|ocation and time of day of accidents,
duration of accident related lane blockage, occurrences of significantly high or low
demand, special events, severe weather, and construction. Collecting and merging
this information into a consistent datebase can be amgor effort.

Checks should also be made to ensure that the data collected and network coding
properly reflect the base conditions without the reductions in variability and
operational improvements offered by ITS and other gperational improvements.
Often, regional model coding conventions presume the system is reliable and
represent cases where there are no incidents or non-recurrent bottlenecks within the
system. Examples include the absence of reduced capacities due to merge areas
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56,&7.

downstream of major entry points on freeways, the assumption of reliable transit
service in coding expected transfer times, the friction (and lower speeds) on
diamond HOV lanes due to parallel congested general purpose lanes, and the
presumption in the coding of the general highway system that there are no incidents.
If theinitial coding already presumes that the system is performing reliably and
without incident, then it is difficult to reflect the operational improvements provided
by ITS strategies. If operational improvements are to be captured then the initial
coding should be modified and the models re-validated to reflect the actual
operating conditions within the system.

Validate Travel Forecasting Process. A key step in any MIS study is validation of
the travel forecasting process. In the case study both the regional forecasting
process and the more detailed subarea travel ssmulation were validated to 1990
conditions. The regional forecast process was validated to replicate the 1990
conditions origindly observed in data obtained from PSRC. Checks were made to
ensure that the enhanced process produced results similar to the PSRC 1990
validated model. The subareatravel simulation was aso validated to capture the
variation in volumes by time across the subarea borders and to reflect the percent of
trips using each type of facility (I-5, SR 99, other arterials). The validation is
explained more fully in Section 8.

Produce Horizon Year Alternative Forecasts. Once the system is validated the
horizon year forecasts by alternative can proceed. Thisincludes the detailed
definition of each aternative, it's representation and coding within both the regional
forecast system and the subarea simulation, and the execution of the travel
forecasting process. The same methods, coding conventions, and processes that
were used in the validation must also be used in conducting the horizon year
alternative forecasts. It islikely that many of the ITS elements being considered in
the aternatives did not exist or were not implemented in the base (1990) validation
year. In these used by the travel forecasting process should be estimated and input.

In traditional MIS studies, the alternatives are defined primarily by infrastructure
and other physicd improvements ovelaid on the TSM network. In these efforts
coding conventions developed in the validation can be applied to the aternative
representationin afairly straightforward manner. An issue associated specificdly
with the aternative definition and coding is the need for specifying an operations
plan for each dternative. This may include signal phasing, priority schemes, ramp
metering strategies, HOV restrictions, and other operational strategies. Since
operations plans are a function of demand it is likely that base year (1990)
operations will perform poorly in the future year. The operations plan in the subarea
travel simulation may therefore need to be tailored to each alternative in an iterative
fashion as part of the alternative refinement. Also some ITS elements may impact
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both the system response to changing conditions, and the average, expected, need
capabilities of a particular network segment. One example is adaptive signal and
coordinated signds along aroad segment. When part of an alternative these systems
need to be represented in both the subarea simulation (response to conditions and
specific phasing principles), and in the regional forecasting networks (expected
speeds and capacities).

Produce Travel and Cost related M OE. The measures of effectiveness can be
separated into two categories. Thefirst are travel and cost related that are the direct
result of the aternative definition and the changes in travel behavior that
implementing the alternative would produce. The second are the environmental and
other social impacts of the alternative and its travel.

The travel and cost related measures are the primary outputs of the travel
forecasting process and include such measures ascapital and operating costs,
changes in trips between origins and destinations, mode share, travel times, and
volumes (person and/or vehicle) on parts of the system. In an MIS al of the
measures are calculated relative to the horizon year base alternative for evaluation
(usualy the TSM). Again, for the case study this was defined as the Do-
Nothing/TSM alternative.

The calculation of capital and operating costs raises a number of issues when
comparing I TS strategies with traditional alternatives. In the study, the traditional
alternative costs have been estimated using procedures and values derived from the
Seattle area and previous WSDOT studies. All costs have been calculated as
differences from the Do-Nothing/ TSM Alternative and special careis being made to
properly capture the fixed (capital) and operating and maintenance costs of the ITS
strategies.

With two model systems being used in the analysis to represent the same area, an
issue arises as to which should produce the summary MOE's. For the case study all
measures concerning average travel or expected conditions are obtained from the
EMME/2 regional system. Conversely, all measures describing the variaion in
conditions and use of information by travelersin making their travel choices are
obtained from the INTEGRATION simulation. Where conditions and measures are
affected by both, the subarea simulation information is normalized to the regional
forecast results for comparability.

All of the MOE's are calculated over the full horizonyear for each alternative. This
includes both combining the regional travel forecas and subarea simulation results
for an average weekday and expanding the average weekday values to annual
statistics. Annual MOE'’ s are estimated for an altemative as follows:
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1 3AM peak period subareatravel simulation impacts for an average weekday are
obtained by combining the results of the representative day scenarios travel
simulations’.

2. The subareatravel simulation and regional travel forecasts for the AM peak
period are merged to obtain system-wide impacts.

3. These results are expanded to average weekday values using the ratios obtained
from the PSRC regiond forecasting process.

4, The average weekday values are expanded to annual estimates based upon the
relationships between average weekday and average daily values. Average daily
values include weekends and holidays. Again, the relationships found in the
PSRC regional process were used.

0. Calculate Environmental and Other Impacts. Other environmental and social
impacts are typically calculated in an MIS study through post-processing of the travel
forecasting, costs, and facility design/Right Of Way analyses. These include measures
of accidents, air quality, noise pollution, water pollution, and equity. While the
importance of these measures is recognized, it was decided to focus the study effort on
capturing the primary outputs and measures estimated directly from themodels. Thisis
where the issues associated with capturing ITS in MIS analyses are and where the
methods devel opment was needed. The techniques required for the determining the
environmental and other impacts should be similar weather ITSisor isnot part of an
aternative, and no new methods, or procedures were being developed to directly
estimate these derived impacts. While these impacts are important and would be
calculated in an actual MIS they were not addressed in this effort.

10. Alter native Evaluation and Comparison. The last step in theoverall analysisprocess
is the evaluation and comparison of the alternatives across all of the MOE’s. In an
actual MIS thiswould lead to the selection of a preferred alternative for incorporation
into the region’ s transportation plan. It would also entail close inter-agency
collaboration, and an active public involvement program in order to help the decision
makers make their decision. As stated previously the case study focused on the
development of the analysis methods and tools for comparison, was not part of an
actual decision process, and therefore did not include these important interactions. It
did, however, compare and evaluate the alternatives, especially the differences between
the with and without ITS options.

7.3 Regional Travel Forecasts

The previous section described the analysis framework and the sequence of steps required for the
MIS evaluation. This section and the next expand on the two major components within this

The “average” weekday thus accountsfor the variation in conditionsand is not limited to recurrent conditions
asinatypical MIS.
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framework, namely the regional travel forecasting process, and the subarea travel simulation
process. Figure 7-4 provides an overview of the interplay of these two processes.

Throughout the analysis the regional travel forecasting process leads the subarea travel

simulation process. The regional travel forecasting networks are first established for each
alternative (both in the validation year 1990 and the horizon year) and interfaced with the subarea
travel simulation models. The regional process is then executed and the results fed to the subarea
simulation process. Both processes require the definition and development of their respective
transportation networks, specification of demand files, and definition of the appropride analysis
parameters for the year under analysis. The MOE'’ s are derived from both processes, averaged
across scenarios, and then compared as part of the alternative evaluation.

As indicated above the regional travel forecasting process provides the basic forecasts of travel
and transportation services that are used as inputs into the subarea travel simulation, and also to
assess shiftsin overall travel patterns and impacts between MIS alternatives. The regional
forecasts provide the most likely travel patterns/facility use based upon the average, or perceived,
conditions of the transportation system for a given time-of-day period. They reflect the
conditions the travelers expects to see based upon their experience and their resultant travel
choices.

As stated, one of the objectives of the study wasto carry out an “MIS like” study following
processes that may be applied in actual MIS efforts. Consequently, the Puget Sound Regional
Council’s (PSRC) Regional Travel Modeling Process were adopted as the initial starting point
for the regional travel forecasting system used in this study. EMME/2 travel forecasting package
macros and programs, base transportation networks, and demographic files were obtained from
PSRC in October 1996.

The PSRC forecasting process is described in detail elsawhere (Technical Report MTP-12,
PSRC, September 1994; Travel Demand Maodeling Workshop, PSRC, June 1994) This
subsection provides an overview of the PSRC regional travel forecasting process and describes
the enhancements that were developed to address the ITS services for the study.

The PSRC Regional Travel Forecasting process provides forecasts of zone-to-zone travel by
mode (non-carpool vehicle, carpool vehicle, transit), purpose (Home Based Work, Home Based
College, Home Based School, Non-Home Based, and Commercia Vehicle), and time-of-day
(Total daily, AM 3 hour peak, PM 3 hour peak, and Off peak ) for the four county PSRC region.
As shown in Figure 7-5 the modeling area encompasses King County, the City of Seattle, Pierce
County including Tacoma, Kitsap County, and Snohomish County. This areais represented
using 832 internal traffic analysis zones and 18 external stations. The transportation system
modeled within this areais shown in Figure 7-6 and includes approximately 550 miles of
freeways and expressways, 675 miles of urban arterials, and 2650 miles of rural arterials. Locd
roads are represented by centroid connectors and there are approximately 1,050 miles of centroid
connectors represented in the highway network.
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The PSRC Regional Travel Demand Process for the Seattle Region is a“traditional four
step” travel forecasting process (i.e. 0. Land Use Forecasting and Data Preparation, 1.
Trip Generation, 2. Trip Distribution, 3. Mode Split, and 4. Assignment). The process has
been continually updated since it was first devel oped in the 1970s utilizing the Urban
Transportation Planning System (UTPS) software platform. In 1989 the PSRC process
was converted from the UTPS software platform (no longer supported) to the
microcomputer based EMME/2 travel forecasting platform developed by INRO
Consultants Inc. This provides additional capabilities including true simultaneous multi-
class highway assignment, and multi-path transit assignment.

As part of the ongoing update and review cycle the complete PSRC process has aso been
undergoing a detailed review and enhancement during 1996 and 1997. Some of this work
including the “ Interim” trip generation model is discussed below. Additional
enhancements including incorporating non-vehicle trips throughout the process, and
enhanced trip distribution, and mode choice models are expected to become operational
in the next year. The stepsin the PSRC process are shown in Figures 7-7 and 7-8. Figure
7-8 includes a change in producing theinitial trip tables and transferring the regional
model output to the subarea simulation. Notable are the inter-connections between land
use and transportation: PSRC'’ s pionegring panel survey, the use of composte
impedance’ sin land use analysis to account for the accessibility provided by all travel
modes, and the numerous feedback |oops from one step to another.

Land use forecasting is carried out approximately once every three years using the Long
Range Plan transpaortation elements and national/regional econometric forecasts as inputs.
It includes adetaled local review and approval of the small area edimates of land use
and employment. The interrel ationships between the land use and travel demand
forecasting are shown in Figure 7-7.

The study’ s regional travel forecasting follows the process laid out in Figure 7-8. Once
the land use forecasts are adopted subarea studies eval uate transportation options based
upon them. The land use and trip generation data are the same as used in the 1995 Vision
2020 Update and Meropolitan Transportation Plan (M TP) approved by the PSRC
Genera Assembly in May 1995. The Do-Nothing/TSM (Base) and Build Alternative
networks are all based upon the PSRC 2020 NoBuild aternative (E220NB) which
reflects the PSRC 1998 Transportation Improvement Program.

Asshown in Figure 7-8, to produce an dternative' sregional forecast, the alternativeis
coded, then trip distribution, mode split, and assignment steps are carried out. The
assignment resultsare then fed back to mode split and trip distribution. Typically, 3.5 full
feedback iterations are performed (iteration O assigns a seed trip table to obtain initial
congested times for trip distribution and mode split). One slight modification to the
PSRC model setups has been made for consistency acrossthe alternatives Asreflected in
Figure 7-8 the study process starts with the same “seed trip tables’ for each alternative.
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Thisinsures that the only differences in results are those due to the changes in transportation
service and not variations in the starting conditions. Within the study corridor the PSRC
networks and process have also been “enhanced” in several other waysto incorporate ITS
strategies. These enhancements include making the geographic network link structure
consistent with the subarea travel simulation (INTEGRATION) requirements; expanding the
facility type, cgpacities, and speed codes for different types of ramps, HOV, and express
facilities; and providing additional volume delay functions for ramp metes. The rest of this

section provides abrief summary of the stepsin the prooeﬁs.10 and more detail on the
enhancements incorporated for the case study andysis.

7.3.1 Zonal Land Use And Socioeconomic Data

As shown in Figure 7-5 the land use and ather socioeconamic data used in the PSRC
forecasts arederived from the DRI national economic forecasts. The DRI national economic
series provide inputs to the STEP94 econometric model which links the Sesattle area's
economic growth to the nation’s and produces aggregate four-county jobs and personal
income for 30 industrial sectors within the region. STEP94 also produces regional control
totals for populations, households, |&bor force and unemployment.

The regional council then uses the DRAM/EMPAL land use/transportation analysis models
to allocate the regional population and employment totals to 219 forecast analysis zones and
ultimately the 832 internal traffic analysis zones (TAZs). These models feed back the
estimated travel time for EMPAL’s employment allocation and the composite time for
DRAM'’ s population/household allocation to capture the transportation and land use
interaction. While not exercised for this study, the models could be employed to capture the
long term changes in induced demand and land use produced by I TS strategies as a part of a
regional plan update.

The PSRC also collects data to support its model development activities. It has completed a
four-year household diary survey and plans are underway for another waveof the Puget
Sound Transportation Panel Survey (six waves of the panel survey have been conducted).
Other inputs supplied by PSRC include screen line counts, parking costs, and transit fares.

7.3.2Trip Generation

Based upon the employment, households, and other socioeconomic data, trip generation
provides the daily trips produced and attracted to each zone by purpose. PSRC has recently
completed a major update of its trip generation model based upon the 1985 - 1988 cross
sectional travel survey and two waves of the Puget Sound Transportation Panel longitudinal
survey (DKS & Assodates, Trip Genegation Update, June 1994). The “Interim” trip
generation models forecast “ motorized trips for the current PSRC process.” An additional set

10 Thefollowing is ummarized fromthe MTP-12 technicd report (PSRC, September 1994); and the 1994 Travel Demand Modeling
Workshop Notes ( PSRC, June 1994).
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of rates including non-motorized trips (bike and walk) were also estimated for ongoing model
development work.

The trip generaion models for zoral trip productions and attractionsboth use cross
classification and provide trip rates for each cdl in the cross classification matrix. The trip
production models produce daily person trip productions for Home Based Work (HBW),
Home Based College (HBCOLL), Home Based Shop (HBS), Home Based Other (HBO),
Home Based School (HBSCH), Non Home Based trips (NHB). Commercial vehicle trips
(COM) are aso produced. All of the home based trip purposes use a cross classification of
Size of Household (1,2,3,4+) and Household workers (0,1,2,3+) to determine trip rates. The
Non Home Based trip productions must use nonresidential variablesin their estimation and
are thus set equal to the NHB attractions.

The trip attraction models producethe daily trips attracted to each zone for the same trip
purposes as in the production models. The attraction models are also cross classification
models based upon number of employees by type of employment and three activity density
categories. A comprehensive comparison of trip attraction models around the country was
made as part of the trip generation model update. Therates were adjusted to reflect this
comparison and to match the regiond totals from the recent households surveys. This
resulted in an inarease of NHB trips from 2.15 trips pe household in the previous model to
2.64 trips per household. The attraction rates for households in general were lowered.

Specia generator trips are also estimated for the Sea-Tac Airport, Fort LewisMcChord, the
Sezttle Center, the Kingdome, and the Tacoma Dome. In the PSRC process the special
generator trips are added after trip distribution and are allocated proportional to theHBW
trips to/from the zones where the special generators exist.

As stated, the trip productions and attractions were provided by PSRC as part of the land
use/demographic data for the analysis years (1990 and 2020). They, consequently, remained
fixed across the traditional and ITS alternatives.

7.3.3 Transportation Service Representation

The transportation system and the service that it provides for each alternative is represented
for the regional travel forecast within the EMME/2 travel forecasting platform. EMME/2isa
network transportation analysis package that simulates an alternative using the following
basic elements: (1) Nodes and Traffic Analysis Zones (TAZS); (2) Links; (3) Turns; (4)
Modes; (5) Transit Vehicles; and (6) Transit Lines. Nodes represent point locations within the
transportation nework such as intersections, trandt stops, or park and ride lots. Traffic
Analysis Zones and their centroids are special nodes within the system that represent an area
where travel demand is generated or attracted. Any network forecasting system simulates the
travel between TAZs. Travel within each TAZ such asalocal neighborhood is not
represented and considered “off network”. Links connect two nodes and represent road
segments, transit facilities, or access/to from a TAZ. Each basic element has a number of
attributes such as x and y coordinates, length, lanes, and capacity, which are used to describe
aservice or facility of the alternative being model ed.
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A transportation gption is represented by four sub-networks within an alternative’ s EMME/2
databank: (1) adaily highway network, (2) adaily transit network, (3) an AM Peak Period
highway network, and (4) an AM peak period transit network. Midday and PM highway
networks are also maintained for time-of-day assignments, but are not required to carry out
the basic aternative forecasts. Details of how PSRC codes and represents different system
elements within for each of these sub-networks within EMME/2 can be found in the PSRC
documentation and EMME/2 manual.

Thereisno universally correct set of coding rules that are appropriate for all purposes.

Rather, the principles used and network detail represented depend upon the intent and use of
the forecasts bang made and the dternatives/alternatives under investigation. The PSRC
network representations have been devel oped for regional analysis associated with long range
plan and policy analysis and air quality conformity determination. This subsection focuses on
the enhancements made to the PSRC basic coding procedures for the case study in order to:

Capturethe subarea and network detail. Regional coding conventions are
developed at the level of regional options and may be insensitive to many proposed
changes within a corridor analysissuch as interchange design, incluson of ramp
meters, and HOV design. Consequently additional network detail and coding
conventions were added.

Represent the dements of both thetraditional and I TS alternatives under study.
Many of the options and tradeoffs under investigation may not be defined in the
regional coding conventions. Additional features may also need to be added to
represent the system sensitivity to elements of the alternatives under study. Thus,
coding conventions were made to represent facilities such as barrier separated HOV
lanes and diamond versus cloverleaf interchanges. Extra attributes were also added to
facilitate the identification and representation of traditional elementsand ITS
strategies such as Advanced Traffic Management Systems (ATMS) and Priority Bus
corridors.

Be consistent with the coding requirements of the subarea travel simulation
model and itsinterfaceto theregional travel model. One of the mgjor functions of
the regional processin the study isto provide information and networks to the
subareatravel smulation. As discussed el sewhere the regional process and subarea
travel simulation represent trave through their networks very differently. In order to
minimize differences and distortions between the two systems it was decided to
represent an alternative’ s network as consistently as possible within the two systems.
Thus, network detail was added to the regional (EMME/2) model system as required
by the subarea travel simulations (INTEGRATION) coding conventions.

Based upon the above the following enhancements to the basic network representation were
made: (1) addition of new facility types to represent ramps, local access, and special
facilities; (2) addition of new volume delay functions (VDFs) and other functions to represent
the new facility types; (3) addition of EMME/2 Extra Attributes on nodes, links, and transit
lines to identify the corridor subarea and to facilitate modifications for I TS strategies; and
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(4) detailed coding of interchanges and other divided separated fadlities for consistency with
INTEGRATION and to better represent details within the corridor.

Tables 7-2 through 7-4 provide the basic link characteristics used by the PSRC process and
the additional facility types, VDFs numbers, and extra attributes. Table 7-2 describes the
additional link types defined for the study networks which include High Level of Service
(LOS) Ramps, Low LOS Ramps, Ramp Meters Loca Access Links, HOV Bypass Ramps,
Freeway HOV Diamond Lanes, Freeway Barrier Separated HOV, Arterid HOV, and Ferry.
As explained below, the additional ramp definitions were added to allow detailed coding of
the interchanges and divided facilities within the study corridor. The HOV definitions are
used in the HOV/Busway alternative. The Ferry and Freeway HOV Diamond L anes and
Express links currently exist in the PSRC networks and their facility type code simply acts as
an identifier in the evaluation of the alternatives and in the simulation analysis.

The standard and extra attributes coded for links in the network are aso shown in Tables 7-3
and 7-4. Additiond attributes are coded to allow spedal processing of specified links within
the system. The three types of identifier serve unique purposes: identify links to allow for
special pre-processing of the link attributes, identify links and nodes as part of all facilities
within the simulation area, and identify links that are used to facilitate the representation of
the ITS services within the study corridor. The special preprocessing identifier @nramp, for
example, is used to modify the capacity of the main lanes on freeways which are downstream
of ramps without ramp meters. The capacity of these lanes was lowered by 5% from the line
haul freeway to account for capacity reduction due to weaving. (See Van Aade & Baker,
1996).

By far the most significant effort in enhancing the neworks for the study was spent in
detailing all interchanges throughout the corridor and in fully expanding both I-5 and SR 99
throughout the subarea. The coding conventions used are shown in Figure 7-9. This effort
was carried out to provide a one-to-one link correspondence between the regional EMME/2
networks within the subarea and the corresponding INTEGRATION simulation network and
to provide geometric consistency between the two systems. Because of the regional level of
analysis and the large area and amount of road system covered, many regional forecast
processes such as PSRC’ s simplify interchange representation to a single node. Subarea
travel simulations because they address operational detail requirenetwork coding that is
more representative of the actual physical layout and geometry of the system . For example,
regiona network modelstypically require lanes with different vehicle restrictions on the
same roadway to be coded as separate parallel links (general purpose, HOV, express).

Dummy links with O or very short distances and times are used to allow movements between
the parallel links. Dummy links may also be coded to trace specific movements such as turns
through an intersection. These dummy links can be problematic in simulation systems since
simulations track a vehicle through space and time and must “store” the vehicle within the
network at all times. The dummy links create an artifidal bottlenecks and queue buildups. It
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Table 7-2. Additional Facility Typesfor Case Study

Facility Alowable  |Capadty per |Initial
Mame D esscription Types modes lane Speed Other Mates

1 Famp connection with free merge at entry and exit 7 hbi 1200 354555 |Initial speed depends upan
High LO= Ramp level ofto and from facilties

2 Famp connection with control at exit g hbec 900 2530 |Initial speed depends upan
Lowl D= Ramp level ofto and from facilties

3|Ramp Meter Link swith Ramp eter at exit 9 ulal 900 25

4 |Local Access M eighbarhood diversion for accessto expressaay 10 hbec 900 * 5 lanes 20 assume several access
Link whete direct ram p does no exist (SRE-99) poirts thus lanes setto 5

5 HOY Bypass Rampilane for HOY bypazs around Ramp Weter TG hiky 1200 35,4555 [Intial speed depends upon
Ramp level of to and from facilities

G [Freewsay Freeway HOV in diamond lane (pairted stipe) ™ hk 1500 52 Baszs P SRC coding
Diamond HioN confiquration

7 [Freeway Barder  |Barrer separsted HOW with cortrolled accessiedress: 11 hk 1500 65 rem oves fidion from parallel
Sep. HOY GP lanes

o [Arteral HOW HOY lane (striped) along Arterial 11 bk = par. GP =par. GPWill have some delay due to

lanes lanes  |lights and i tums

9)&rterial Transt  |Transt only lane (riped) slong Aterial 11 4] =par. GP | =par. GP |Alows buses to byvpass
only lanes lanes  |gueue's at intersections

10 ExprezsLanes 12 hbi 1800 55 Same az PERC but with
Express idertifier

11|Ferry R eprezent ferrys crossing the Puget Sound 13 bk Yehhoat Actual  |Facility typoe added for

network checking

‘Modes h=HO% b =Buz c=Fassenger car
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Table 7-3. Link Attributes
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Table 7-4. Summary of Extra Link Attributes

Name Type Description
Enrarmp Link Linkisdownsgream of Mormal{no ramp meter) ramp
Ehovtp Link Type of HOY facility (freeway diamond  freeway barrier separated,
arteral HOY Anerial tranat only
ifxub a node Hibarea identifierfornodes
iy 1 d Lirk Aibarea identifierforlinks
Erape Link Copyoflinkcapacity inbasline (no IT5) networks
Etimel Link Copy of inttialtraveltimesin baselne {no TS networks
Etecr Link Type of advanced traffic control
@mpr Link Tranat prorty Link
i@ ross Link Link upgream oftranat priority link
= T Sag. Travel time savingspermie along segment due to trangt priarity
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Figure 7-9. Detailed Network Coding Geometry

7-28



is also very important when feeding information back between the two systems to minimize
differences in assigned flows, paths, and other results that may be caused simply from
differencesincoding detail.

As shown, the major enhancements to the base coding methods/processes took place within
the highway networks. The transit networks were also updated to account for the additional
network detail and then theenhanced 1990 validation system was compared/validated aganst
the 1990 PSRC model results as well as real world data to ensure that no major distortions to
the forecasting process were introduced due to the enhancements.

Last, anumber of other enhancements were made to enable the representation of ITS services
including such elements as ramp meters, coordinated signal systems, bus priority and
advanced trandt management.

7.3.4 Trip Distribution

Trip distribution allocates the trips produced in each zone to the trips attracted to each zone
across the region and the travel “friction” or impedance between each zone pair. The PSRC
process currently uses EMME/2’ s two dimensional balancing module to implement a doubly
constrained gravity model. This model requires that for each trip purpose both the total
productions leaving a zone and the total attractions coming to a zone are preserved in the
process.

The congested AM Peak Period travel times are used as impedances for HBW and HBCOLL
trips while the average daily congested impedances are used for the other trip purposes. The
factors reflecting the relative desire to travel for a given travel time to reach a destination
(friction factors) have aso been adjusted to account for the new trip generation models, the
Census Transportation Planning Package, and Puget Sound Transportation Panel surveys.
The process alsouses “K factors’ to adjust to/from ecific areas

While very few changes were made to the trip distribution models during the study validation
process, the resultant distribution of trips does change due to the study aternativesand ITS
strategies. As shown in Figure 7-8 three iterations of feedback between the assignment
models and trip distribution are carried out to allow the results of each alternative to reach
equilibrium. The changes in capacity, delay, and congestion resulting from each alternative

are thus fed badk and reflectedin the final travd patterns.

7.3.5 M ode Choice

PSRC’ s mode choice model(s) allocates the motorized person trips among available transit
and auto modes and sub-modes. Because of the different trip charaderistics (time, cost,
potential for use) transit is divided into two sub-modes: (1) Walk access, or those transit trips
within walking distance of theinitial boarding stop; and (2) Auto access, or park and ride
trips where the transit riders must drive to their initial boarding location. Likewise, the auto
vehicle trips are divided into sub-modes by auto occupancy (Drive alone, 2, 3, 4+). The
Home Based Work Trips may either useor not use the HOV facilities based upon their auto
occupancy and the modeled HOV restrictions (currently set at 3+ for the 2020 forecasts) and
the mode choice model accordingly outputs carpool and non-carpool vehicle trip tables
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separately for assignment. The PSRC process aso uses separate mode choice formulations
based upon trip purpose. Separate models are used for : the Home Based Work and College
trips, Home Based Other; and Non-Home Based trips.

The PSRC mode choice models are multinomial logit models in structure, which allocate the
trips for each origin and destination to available modes based upon:

the characteristics of the travelers (as represented by the origin and destination zone
demographic and economic data)

the characteristics of the trip (purpose, time, cost, available modes, number of
transfers)

the characteristics of the modes available for the trip (time and costs for each mode).

These are reflected within the utility calculations for each mode within the logit formulation
and the probability of choosing each mode is then estimated as.

o Ut
P —
i -lriline,.,
g
2
Where:
Fyw = Probability of mode m for trip from 1 to
Utility, = Relative " Value" ofusingmode m from 1 to g

Function of travel times and cost for modem

The parameters used to calcul ate the utilities for each mode choice model (HBW, HBO,
NHB) are shown in Table 7-5.

The regiona mode choice models are used to estimate the mode shares and vehicle trips that
occur under average weekday conditions, based upon the traveler’ s past experiences and
perceptions of tradeoffs between modes. In this study how these mode chaices vary in
response to traveler information, incidents, weather conditions, and other varying conditions
isexplored as part of the subarea simulation analysis by the HOV SHIFT extension to the
INTEGRATION simulation system. The regional mode shift model formulationsas shown in
the logit equation and Table 7-5 provide the basic form for the HOV SHIFT implementation.
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Table 7-5. Mode Choice Utility Coefficients
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The time and cost coefficients are used in the simulation’ s logit formulation. The other zonal
and interchange information on parking costs, income, destination, auto ownership and other
factorsis then combined to produce a matrix containing the portion of the utility for each
mode that does not vary with the travel times and costs. These matrices are input into the
simulation’s mode choice analysis and remain constant during the simulation period. The
regional mode shares are al so used to validate the simulation mode choice analysis for
average day conditions. Thisis explained in more detal in subsequent sedions.

Assignment

The assignment phase of the regiond process assigns both the auto vehicle and transit tripsto
the highway and transit networks respectively. As shown in Figures 7-7 and 7-8, four sets of
assignments are made for each aternative forecast (initial and three iterations for feedback).
Assignments are carried out both on adaily basis and by time period. Prior to the
assignments the trips must first be converted from production and attraction format to origin
destination format and also separated by time period. Trip productions are associated with the
home (or base end) of the trip, while trip attractions are associated with the activity for which
the trip is made. The daily commute to and from work, for example, is thus represented as
two productions in the residential zone and two attractions in the zone of work. These must
be converted to an AM trip with origin in the home zone and destination at the work zone,
and aPM trip with theorigin and destinaion reversed. Table 7-6 shows thefactors appliedto
the initial and return trips (transposed matrix) by purpose.

Prior to the auto assignment adjustments must also be made to convert from the assigned
period to hourly volumes. In the PSRC process the assigned volumes are adjusted within the
Volume Delay Function (see below) in order to estimate an hourly volume/capacity ratio and
update the congested impedance for each link. Theperiod to hourly factors used are shown in

Table 7-6. Time-of-Day Conversion Factors

Production to Affraction Factor Attraction to Production Factor Qrigin to Destin gion

Laczal | Through
FPesignmert Table HEA HBEO NHE | Commercial [ HEW HBEO NHE | Commercial [ School Trip=

Craiby Mon Carpool 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.04 1

L aiby C arpool 0.5 n.a. n.a. n.a. 0.5 n.a. n.a. n.a. n.a. n.a.
Am Pedi Hon Carpool 03525 | 0495 | 00135 0035 0.0z 0.015 0005 0.025 0.04 0.0
A Pedd l:ar|:u:u:-l1 0.5 n.a. n.a. n.a. 015 n.a. n.a. n.a. n.a. n.a.
Cr aiby Trares it 0.5 0.5 0.5 n.a. 0.5 0.5 0.5 n.a. n.a. n.a
Abd Pedd Transit 03525 | 04985 | 00035 n.a. 0.0 0.012 0005 n.a. n.a. n.a

1. Al pedi Carpool factor greater than .5 reflect adjustments to account for addition norewaords HOW trips
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Table 7-7. Assgnment Period to Hourly Adjustment Factors

Asgsignment Period to Hourly Yolume Adjustment Factors
Diai Iy Ahd Peal P Peal Cif Peak
Mo, of Houry Mo, of Houry Mo, of Houry Mo, of Houry
Hours Factor Hours Factor Hours Factor Hours Factor
ALLO 24 0.08 3 04 3 0.37s 18 0125
Ferry 24 0.03 3 0.34 3 0.34 18 0125

Assignments are carried out using the EMME/2 system (EMME/2 User Manual, Version 8.0,
INRO Consultants, 1996). Auto assignments use a multiclass equilibrium assignment
process and assign two vehicle trip tables during each pass. Carpool vehicles (3+ auto occ.),
which can use all auto facilities, and Non-Carpool, which are not alowed to use the HOV
system. A central element in the equilibrium assignment processis the Volume Delay
Function (VDF), which updates a link’ s impedance (travel time) based upon its capacity and
assigned volume. The basic VDF fundion used by the PSRC processis:

IMP,, = IMP, *(1+15%( Ptald ¥Vl | CAD) ¥+4)
Where:
IWE,,.. = Updated link impedance, or travel time
P, = Inttial impedance, or free flow time
PtoH = Period to Hourly conversion factor
Vol = Assigned volume for the pertod
CAP = Level of Service E Hourly Capacity for Link

As discussed in the previous sub-section on network representation (7.3.3) the within the
corridor VDFsfor facilities such as ramp meters have also been modified to reflect queues
and other ITS related conditions. Other modifications to capacities and free flow speeds are
also introduced to reflect the impact of traffic management systems and bus priority.

Transit Assignments are carried out after each highway assignment. The transit assignments
are also carried out within the EMME/2 system. They update the transit travel times based
upon the congested highway times and perform atransit multipath assignment for both the
auto access (park and ride) andwalk access trips leaving each zone. The transit assignments
provide the number of transit riders on each segment of the transit system and the boardings,
alightings, and transfers at each transit stop. They dso provide walk and park and ride access
information.

After the final iteration and assignments the regional model results are converted and linked
to the subarea travel simulation. As explained earlier the regional travel forecasts provide
information on theaverage, or expected, conditions and assume stable (static) state
throughout the analysis period (whether daily, AM peak period, peak hour, PM peak period,
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or some other time period). The subareatravel simulaion accounts for traffic operations,
gueue formation and congestion build up, and other variations in conditions throughout the
analysis period and more directly models many of the problemsthat ITS strategies are
designed to solve.

7.4 Subarea Travd Simulation

The Subarea Travel Simulation directly addresses many of the issues/problemsthat ITS
strategies are designed to solve, and are not readily captured by the regional “expected
condition” travel demand system. Simulations (as opposed to the regional four step travel
forecasting) explicitly represent small time increments throughout the analysis period and
track how travders move through the transportation system at each small time slot. Thus,
they capture the variation in conditions over the analysis period, and how/where congestion
builds up and disperses. They also analyze how the transportation system responds to non-
recurrent situations and conditionsthroughout the day due to accidents, other incidents,
weather, or construction. They indude the explicit representation of signals and traffic
operations to capture the creation of queues and upstream/downstream bottlenecks on the
system. They also have the ability to represent how much assistance in response to the actual
conditions of the network that atraveler may have from reports, ranging from information
about accident locations to detailed route guidance.

The travel simuldion platform employed in the case study subarea simulation processis
INTEGRATION Ve. 1.5x5. INTEGRATION is aproduct of MVA and Associdesin
Blacksburg, Virginia. Mitretek Systams has also contributed an array of support modules to
assist initsuse. The variant used is an augmented version of the ssimulation used in the
National TS Architecture development effort (Mitretek Systems, June 1996), the TravTek
field operational test evaluation (Van Aerde, et al 1995), and in modeling efforts for the
estimation of 1TS benefits (Mitretek Systems, June 1997). The strength of this particular
version of INTEGRATION isin its representation of awide range of ATIS user services
although ATMS and other ITS elements may also be reflected.

Thisversion of INTEGRATION is a meso-scale traffic smulation. At this modeling scale,
each vehicleistracked individudly and isidentified by arange of attributes such astrip
origin and destination, ATIS-capability class, and whether or not the vehicle acts as a travel
time probe in the network. Vehicle interactions, however, are modeled in asimpler fashion
than micro-scalesimulations such as TRAF-NETSIM or THOREAU. Lane assignments
within alink are nat made, nor are car-following rules used to capture congestion effects.
Instead, time-variant macro-scale impedance functions are employed with a ssmple queuing
representationto model congestion effects. Thislower level of detal in modeling vehicle
interaction allows for a computationally more efficient approach.

INTEGRATION Ve. 1.5x5 is differentiated from the current MV A commercia product,
Ver. 2.0, which models car following. Testing at Mitretek indicates that Ver. 1.5x5 simulates
networks of the size of the North Corridor model at 15-25 times faster than Ver. 2.0.
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The information that INTEGRATION requiresis similar to that devel oped for the regional
networks, but with more detail on the physical and operating characteristics and the time of
travel. INTEGRATION uses five separate input files to input its basic information: (1)
Nodes, (2) Links, (3) Signal Plans, (4) Demands (travel), and (5) Incidents. Asin the regional
networks the node and link data describe the geometric characteristics of the road network.
However, since queuing and storage of vehicles on the link during red phases of signalsisan
important aspect of simulation, properly capturing the correct physical length of the segment
is much more critical in the simulation networks. The travel demand for the simulation period
isalso similar and is obtained directly from the regional model system. In the simulation,
however, for each origin and destination, the trips by purpose are combined. The resultant
overall travel demand for each origin and destination is then subdivided based upon the
probability of trips starting in each time segment.

The signal plan and control information must also be developed and input for the simulation
process. Typicaly, thisinformation must be developed and input from a source other than the
regional networks. For the Seattle networks the information on the location of the signals,
phasing, and typesof controls and coordination was obtained from the Washington State
DOT, the North Sedtle Traffic Management Center, and local agendes. One issue tha must
be addressed when devel oping future signal and phasing inputs for future alternatives is what
overall plansto use for the base aternative since the future phasing cannot be observed. The
recommended approach is to collect information on the current existing phasing in the fidd
and develop a simulation using these val ues, then develop a second simulation using the
routines in the simulation package that optimize the signal phasing and note the differences
in performance. This difference is assumed to represent inherent decay that occurs in any
static phasing plan due to day to day variations, changing conditions, or changing policies. In
the base for the future year the system isfirst optimized and the same degradation is then
applied to the base phasing plan to represent the base conditions. This produces more realistic
results than assuming optimized phasing at all times for future operations and allows the
benefits of different advanced traffic management schemes to be reflected in the analysis.

The incident files allow incidents to be described and their impact examined within the
simulation system. When the incident occurs, the number of lanes, facilities it impacts, and
its duration are input for each desired test case.

The case study subarea network modeled in INTEGRATION islarge-scale for atraffic
simulation. The network contains 2,250 links and over 1,000 nodes. During the 2020
morning peak period, roughly 350,000 vehicles are tracked traversing the network.
Depending on the scenario model ed, there may be as many as 75,000 vehicles concurrently
on the network. In addition, over 150 signals are modeled at the intersections of major
facilitiesin the corridor. The 150 signals capture only a fraction of the complete number of
signalsin the corridor, but signalization is coded where signals are known to exist at
intersections within the EMME/2 regional network representation. On a 200-mHz Pentium-
based PC, the subarea traffic simulation requires around 90 minutes to execute a complete
AM peak period, depending on overall vehicle load.
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Parameters on link characteristics are derived primarily from the EMME/2 regional model.
For example, link capacities are consistent between the two models. For the links in the
network where ggnalization is added to the simulation network, link capecitiesin
INTEGRATION are adjusted so that the resulting average link capacities remain consi stent
between the two models. In this respect, the similarity in link characterization between the
two models is a significant factor in representing the network in a consigent manner at both
modeling scales. This feature is a0 exploited in the representation of I TS elements.

An important element of the study was the devel opment of atime variant HOV-Mode Shift
module for the subarea simulation, HOV SHIFT. This modul e estimates the HOV mode
shares by time segment to account for the build up and dispersal of congestion within the AM
peak period. Condtions may be almost & free flow at thestart of the peak period, building to
breakdown conditions, and then falling off later in the morning. These different conditions by
time segment may have particular impact on carpooling and mode choice tradeoffs. While the
regional model assumes a single expected time for the analysis period (AM peak), the

HOV SHIFT component captures the variation in conditions by time segment within the
analysis period.

HOV SHIFT uses as inputs the subarea simulation travel times by time segment for paths
using HOV facilities and paths that are barred from using HOV facilities, and the zone-to-
zone peak period person trips that are eligible for carpool formation. Vehicletripsineligible
for carpool formulation are also obtained from the PSRC regional process for background
assignment. HOV SHIFT then determines the carpool and non-carpool share of trips for each
origin, destination, and time segment using the following LOGIT formula:

Eiﬂtﬁ-ar...J,,""f.,J:l
MSHGV.:’,J',S = Ecz:m,,.,m,uwy N Ef‘”mr.-u.:*"-.ﬁ
where:
MSHGV,:‘,J‘,; = Carpool Share fori,4,s
H;; = MNon travel tim e utility component
Cilppaesjs = Lltravel time coefficient® Travel time formode 1,5,

1, 1,5 origin i, destination j, tim e segment s

The travel time coefficient is obtaned from the regona mode choicemodels. The utility
coefficients represent all of the origin and destination specific non-travel time variables that
impact mode share such asincome, parking cost, employment type, and car ownership. They
are determined by matching the HOV SHIFT results summed across all time segments for
each origin-destination pair to the regional mode choice model outputs. For each MIS
alternative, the subarea simulation components are run iteratively to convergence as shown in
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Figure 7-10 below. Again, the resultant HOV mode choicefor the simulation period is
constrained to match the regional value for each origin-destination pair, but now varies for
each time segment based upon the shiftsin travel times and costs throughout the peak
period.

Ta,d(ﬂ
ruadwgv travel times
SHIET Traffic
Model . Simulation

chandae in demand
ﬂo,d (1)

Figure 7-10. Iterative Approach in the HOVSHIFT Framework

The true benefits of including this module and time sensitivity in the simulation include
estimating the impacts of information on carpool choice, as well as the impacts of operational
changes throughout the peak period. While a separate rail transit vs auto time variant mode
choice modul e has been developed (Mitretek Systems, June 1996) future work will extend
the real time analysisto full multi-modal mode choice.

7.5 Regional Model to Subarea Travel Simulation Interface

Theregional travel forecasting system provides link data, analysis period demand files, and
information on the expected, or average conditions (flows, speeds, tripsin the period) to the
INTEGRATION subareatravel ssmulation. This subsection provides an overview of the
regional travel forecasting system to subarea simulation interface process developed for the
study. It aso highlights some of the experiences and issues encountered while developing the
interface.

There are several important features that an interface between thetwo scales of modeling
systems must have or address when carrying out a multi-modal analysis required for an MIS.

First, the simulation system must handle the size of the network (nodes, links, signals) and
number of vehicles represented in the subarea. In most cases the complete regional system
will not be able to be input into the simulation software and a subarea network must be
extracted for the smulation analysis. For example, in our study the vehicle trips forecast for

11 New utility coefficients are estimated each time a change in an alternative or socio-econorric characteristics causes a shift in the
non-travel time vaiables influendng mode shift.
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the Seattle region in 2020 are approximately 2.1 Million during an average weekday AM
Peak period. The INTEGRATION's (v.1.5x) maximum vehicles during an assignment
period used for the study is, however, 375,000. It isimportant when developing the subarea
that the horizon year (2020 for the case study) network and demand be used to size the
network and to determine the external connections. Peak levels of demand represented by
different scenarios should also be accommodated. The subarea network should also be large
enough to capture important alternate routes where traffic may divert to/from due to changes
in the subarea system, incidents, and congestion. It took several iterations in developing the
simulation boundaries and networks as part of the study to strike a balance between the
software limits and the need to capture the potential route diversions and other factors

Second, since an important aspect of the study is the analysis of mode choice shifts due to
ITS and other factors, information on the complete trip had to be preserved for trips traveling
to, from or through the subarea. This was especially important since it was impossible to
include the Sesttle central business district (a major destination for corridor trips) in the
subarea analysis due to the number of trips and network size maximums of the simulation.
Thisrequired that a“focused” network and zone system be developed for the simulation
rather than the typical network “window” being cut from the regional system. Focused
networks aggregate the areas outside the subarea into super districts, termed sectors, and
retain origin-destination information about the trips through the subarea. Another advantage
of focused networks is that where trips enter or leave the subarea can shift based upon the
congestion and/or improvements within the corridor. A windowed network simply cuts the
regional system from the subarea, creates “external” stations at the border crossings, and
fixes the trips crossing at those points to those locations

Third, congestionand other system dfects that occur outside the subarea but are substantially
influenced by the subarea trips should be accounted for in the interfaced system. In the North
Corridor case study the Seattle CBD is south of the subarea under study and congestion on
the road network leaving the subarea along with several route choices for trips to/from the
CBD into the subarea could profoundly shift how people traveled through the corridor. A
sketch network to the south of the subarea representing the major fadlities to/from the CBD
was therefore developed, including I-5, SR 99, SR 520, Freemont, and Broadway.

The simulation system’ s zones and networks are shown in Figures 7-11 through 7-13. Figure
7-11 shows both the traffic analysiszones within the subarea and the aggregated districts
used to capture travel to/from the subarea throughout the region. Figure 7-12 shows the
regional context of the simulation network and displays the subarea network, the sketch
network extension to the CBD, and the external district connectors. Last Figure 7-13
provides a plot of the detailed simulation network within the subarea.

An overview of the interface between the regional system and the subarea simulation
developed with the above considerations in mind is shown in Figure 7-14. There are three
steps to interfacing the two systems: (1) Prepare Regional Networks; (2) Prepare Demand
Files; and (3) Prepare Subarea Simulation Networks. Each is briefly explained below.
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Figure 7-11. Subarea Simulation Traffic Analysis Zones and External Districts
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First, the regional networks within the EMME/2 system are pre-processed to prepare them
for both the regional forecasts and the development of data for the subarea simulation. As
already discussed the most important aspect of this step is modifying the regional networks
so that they are consistent with the simulation system requirements within the simulation
area (network detail, geometry). Once thisis complete all of the links, nodes, and zones
within the simulation area are then marked. This allows them to be selected for the
simulation networks after the regional forecasts are carried out. The regional forecast process
is then executed.

The next step after the regional forecasts are made isto prepare the resultant demand files for
input into the subarea simulation process. In the study this was carried out for the AM Peak
3 hour period. The regional forecasting process produces trip tables by purpose, mode, and
time period, while the subarea simulation only requires the information for the simulation
period by mode. Thefirst step in the processis then to aggregate the regional trip tables by
purpose for assignment. The next step isto extract all of the trips that use any link within the
subareain separate trip tables. Thisis done for the carpool (3+ vehicles) and non-carpool
vehicle trips using separate subarea select assignments. In both all vehicle trips are assigned
in order to reflect overall congestion. Since a multi-modal analysisis being carried out the
total person trips and trips made by transit for all origins and destinations with vehicle trips
going through the subarea are also selected at this time. Each of these tables are then
aggregated to thesimulation zone sygem. The last step inthe demand preparation processis
to allocate the resultant trips for each class of traveler (carpool, non-carpool, transit) by time
increment within the simulation period. The diurnal frequency distributions for this step
come from the validation process and survey data. The resultant demand files by traveler
type, origin, destination, and starting time are then ready for the simulation. The final stepis
the preparation of the subarea focused networks for simulation. There are three parts of these
networks. Thefirst is the detailed simulation network within the simulation subarea.

Figure 7-13 provides a plot of the detailed simulation nework within the subarea. Thisis
simply selected from the regional networks. The second is the sketch network to/from the
CBD. Thisis developed by marking the nodes along the major facilities and routes to/from
the subarea at significant diversion points or entry/exits. Theinitial travel time and distance
between these points are then skimmed from the regiona networks, and sketch links are
created connecting the points using the skimmed values. Last the link characteristics (lanes,
capacities, time) found on the regional network path links between the points are transferred
to the sketch links. The external district connectors make up the third link type within the
simulation network. These are created in the same fashion as the sketch links. The major
entry and exit points to the corridor system are determined for each external district based
upon the regional assignments. The times and distances between these points and the external
district are then skimmed and the external district connectors created network extension to
the CBD, and the external district connectors. Once the simulation network representation is
created within EMME/2 it is then sent through a number of conversion routines devel oped by
Mitretek to convert the datato INTEGRATION format and to add additional data required by
INTEGRATION for queuing representation and other factors. These additional values (jam
density is an example) are entered based upon facility type. Additional information such as
the signal and incident files are then added and the simulation network is ready for testing
and execution.

7-43



In developing the interface between these two systems a number of technical and mechanical
problems were encountered and overcome that will not be detailed here. However, there are
several important considerations that deserve note,including differences in network detail and
modeling conventions; time variation of external data; and implementation of feedback. How
each is addressed depends upon the specific characteristics of the software padkages used and
the area under study.

Network details and modeling conventions: Each modeling system uses different
conventions and relationships to represent travel through a network and its impacts on time,
cost, and other parameters. One of the common complants made about regional systems
when examined on adetailed link-by-link basisis that they produce inaccurate assignments
and turning movements. Another istheir lack of consideration of traffic operations. As more
network detail is added and more realistic interchange and other coding is added to the
regiona systems, many of these apparent deficiencies can be and are overcome within the
regional frameworks. Recent applications are now in fact incorporating intersection and
signalization factors directly into the regional modeling process (Kurth & At van den Hout,
1996; Partridge & Krgjcsar, 1996; Horowitz, 1997). A goal of the overal travel forecasting
process is consistency in the results between the two levels of modeling. It is therefore very
important to attempt to make the network representations for each as consistent as possible.
At aminimum the network configurations, geometry, and initial speeds should be made
consistent. Then, the differences in representation that remain are only due to the nature and
inherent assumptions found in the model systems and not the coded representation of the
alternatives that each sees.

Even with consistent coding there are fundamental differencesin how regional “static” and
simulation “dynamic” models represent transportation networks and travel throughout the
day. Regional modds assume steady state conditions over the assignment period and base
their analysis on the average conditions that result when equilibrium is met. Simulations start
with free flow conditions and track how the traffic builds up and diminishes over the analysis
period. Differences in volume delay functions, system capacity definition, and queuing
treatment all lead to potential differencesin results. Careful examination should be made of
the operations and assumptions of each of the model systems to ensure that unwanted effeds
are not taking place once the systems are combined. For example, it was found that very
short (0.01 miles) dummy links found in the PSRC regional networks cause phantom
bottlenecks to occur in the simulation system and coding had to be revised to account for
how the simulation treats these short links.

Timevariation of external links: Another issue related to how each model system functions
is the treatment of time variation in demand and conditions on the external links outside the
subarea. Tracking where the trips are coming from as they enter the smulation area and
where they are going to asthey leave is required for multi-modal analysis. While they are
necessary, incorporating these external links into the simulation introduces other issues in the
process. For example, the simulation model begins introducing trips from all origins and
destinations at initial conditions at thestart of the time period. If the external links are long it
may take substantial time (30, 45, 60 minutes) for their demand to reach the subarea border.
The simulation period may have to be increased and the external trips started early, or special
pre- and post processing of the trip times on these links may have to be carried out. To
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account for this situation in the study the coded distances and speeds on these external links
were artificially shortened at the beginning of the simulation assignment so trips would enter
the subarea at the right time. The links were then re-adjusted after the assignment in order to
estimate the correct MOE values.

Another factor associated with the time variation of conditions on these external linksisthe
influence of vehicles and travel that do not enter the simulation area. Within the simulation
the build up and release of demand and delay is purely afunction of the travel on the
simulation system. The congestion caused by other traffic on the external linksin the real
world can influence the time that it would take the traffic to reach the study area by different
routes. Using average or congested values on the external links isinadequate since it causes
the initial routes chosen in the “free flow” uncongested conditions to be incorrect. For
example, if the congested times along afreeway are used to reach the study area, theinitial
shortest path in the early morning assignment avoids the external connector tied to the
freeway and tekes an alternateroute. The freeway does not therefore receive the appropriate
traffic in the early morning time periods. To overcome this issue the external district
connectors are coded with their free flow initial speeds as described earlier in this subsection.
In the validation process factors are introduced on the external links to adjust the assignment
and match observed volumes entering the subarea during each time segment. These factors
represent the difference in the impedance and travel captured in the simulation and that
caused by the treffic/influences outside the system. The sketch netwark to the CBD also
addresses thisissue since it was designed to extend the ssmulation’ s representation of the
network outside the detailed area. In the sketch network the majority of the traffic using the
facilitiesis coming to/from the subarea even though it is outside of the subarea s physical
footprint. On other external connectors this may not bethe case and thetime variation in
conditions may not be predominated by the travel captured in the demand files.

Feedback and oversaturation: Last, feedback between the two levels of analysisis
important to capture how I TS services may impact conditions travelers expect to experience
and base their travel decisions upon. The regional model system represents the average
conditions that most travelers experience in their day-to-day travel and consequently expect
to see when making their trip. As shown in Figure 7-2, the improvements in reliability and/or
variation may impact the conditions travelers experience and shift the their perception of
expected conditions. This, in turn, can influence theday-to-day travel decisions individuals
make. If the chance that a person will be an hour late when they take transit (due to missed
transfers, or unreliable service) can be eliminated, the average travd timeisimproved and
the likelihood that they will take transit increases. The results from the representative day
simulations are therefore combined to estimate the change in expected, or perceived,
conditions and fed back to the regional travel forecasting process.

It isimportant to exercise care when providing feedback between the two analysis levds.
Each model system represents travel and delay very differently. The same transportation
alternative in both systems may by the very nature of the volume delay cal culations and
difference in the static and dynamic aspects of thar approaches produce different outputsin
terms of delay and speed. If the simulation link times and delays are directly transferred to
the regional network during feedback, a discontinuity will be created as the subarea boundary
is crossed. Times and speeds for similar facilities will be different depending simply on
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whether they are within or outside of the ssmulation area. This distorts trip distribution and
other accessibility dependent travel impacts (generation, land use).

Because of the differences in perspective and calculation between the two systemsit was
decided that the percent differences caused by incorporating I TS into an alternative would be
fed back to the regional analysis. This approach takes advantage of the fact that an MIS
focuses on the differences between alternatives. It also assumes that the regional process has
been validated to capture the regional impacts of traditional options. The feedback loop
therefore cal cul ates the percent change between the without ITS and ITS optionsin the
simulation analysis (for example, NoBuild vs. ITS Rich), and then applies this percent
change to the regional values. The changes in free flow speed and capacity caused by an
alternative were also input into regional system as a darting point for the process. It was felt
that this captures the relative difference between the alternatives for the M1S analysis though
additional research on feedbadk issues may be warranted for regional, long range analyses.

Another feedback issueis created by the differences in how regional models and simulation
models address oversaturated condtions. Large increases and travd coupled with modest
baseline capadty improvements often cause oversaturated conditions in regional forecasts
where the forecast demand exceeds the network capacity especidly in the peak periods of the
day. Typicaly, regional models alow these oversaturated conditions to occur, since one of
their functionsis to determine the location and severity of deficienciesin the system.

On the other hand, subareatravel simulations represent traffic operations and queues
explicitly. In these systems when demand exceeds capacity for the overall ssmulation period
gueues grow until the system breaks down, often halting the simulation. For the study a
deferred trip measure representing trips that could not be assigned within the peak period was
added to the MOE’ s to resolve the potentia problems caused by over-saturation in travel
simulation models. The deferred trips represent trips that will either be made during a
different time period or deferred entirely as the result the severe system congestion. Other
approaches to thisissue could ental developing demand sensitive time-of -departure models,
peak spreading methods, and/or “trip not taken” adjustments. These all entail substantive
revisions to the regional process and were therefore not pursued. In any case, it isimportant
to check for oversaturated conditions whenever regional models are interfaced with travel
simulations to make sure that the trips the regional model is providing can/are actually being
served within the 9mulation analysis.

7.6 Representative Day Scenario Development

The subarea simulation is carried out for a number of representative day scenarios to capture
the performance of the alternatives under varying conditions throughout the year (e.g.
weather, incidents, specia events). Typicaly, MIS forecasting processes are executed for
expected, or average, conditions for the horizon year and consequently represent recurrent
conditions and congestion. The representative day scenarios (heregter ssmply scenaios)
expand the analysis to account for non-recurrent situations where the transportation system
may perform very differently, leading to shiftsin traveler’ s desired travel choices and in the
impacts of the alternatives. Thisis especially important if TS and other operational
strategies that help the transportation system and traveler respond to varying situations are
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part of the MIS options under study. The problem of scenario definition is how to select a
small set of representative scenarios (10 - 25) that will both reflect the varying conditions and
differences in each alternative’ s responses throughout the year and keep the computing,
storage, and staff effort required to carry out the simulations reasonable. The scenarios
should be defined to represent the expected conditions over the average year (or other
evaluation periad). They must be also be mutually exclusive and collectively exhaustive 0
that their probabilities of occurrence sum to one. The annual impacts, or MOE's, for an
alternative are thus derived by running the subarea simulation process for each scenario and
aggregating as follows:

' yop = o MOE, * Weight,

where:
A MOF, = MCE 1 annualized to capture the dtemative's performance under
varying conditions
MOE, = MOE1 for scenario s

Weight, = "Weght, or probability, of scenario s, ZWEz'g}zfss =1

5= SCenarios

The dimensions used to define the scenarios depend upon the region where the MIS is being
performed and the specific conditions found in the carridor contributing to its problems. Daa

availability is also an important factor. For the case study the following dimensions were
used:

o Traffic/trip volumes and their space-time patterns

*  Wesather

* Magjor incidents along the interstates and state routes
e Minor accidents throughout the system

Statistical analysis on Seattle area peak period data (both AM and PM) from 1994 and 1995
was used to define the scenarios. The above dimensions were first divided into “event” and
“non-event” caegories. An event was considered to be a condition extreme enough to cause
either a noticeable change in the transportation system’ s performance, a change in travder
behavior, or both; and rare enough to be considered abnormal (i.e. non-recurrent). In the case
study an “event” peak period has a |east one of the following characteristics:

» Poor westher conditions (visibility, rain, wet surface, freezing rain, frozen ground,
and snow cover)
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e Laneminutes of delay greater than 30 minutes in the WSDOT incident information
* Number of accidents greater than 6 in the Seattle area accidents information.

Non-events are those that cause minor fluctuations in the system’s performance and are more
common. Non-events are likely to be incorporated into the traveler’ s expectations of average
conditions upon which they make their habitual travel choices (route, mode, time-of-
departure). Inthe case study pesk periods with good weather, no inddents, and less than six
minor accidents throughout the study area were classified as non-event.

Travel demand varies from day-to-day as well due to random fluctuations and special
activities such as festivals or sporting events. Consequently, demand variation was included
in both the event and non-event scenarios. Thirty scenarios were defined for the case study:
Twenty two of these were identified for subarea simulation: fifteen event scenarios; and
seven non-event scenarios’. The scenarios are presented in a tree structure in Figure 7-15
with the conditional probabilities at each level shown (probabilities at each branch aways
sum to 1). For non-event days some of the impacts at the end of the tree branches were
interpolated based upon controlled variation of the number of minor accidents and demand
variation.

The remainder of this section describes how the scenarios for the case study were defined and
incorporated into the subarea simulations. The steps for scenario definition include:

+ Datasource identification and collection.

» Initial datareduction and analysisof each dimension (weather, incidents, accidents,
travel demand) to specify observed probabilities of variation and classify event and
non-event periods.

» Scenario Definition and Likelihood Estimation based on the combined analysis of the
dimensions (including cross tabulation, correlation, and cluster analyses).

* Development of inputs for subarea simulation.

Separate subsections are provided for each of these steps below. First, however, a brief
overview of the scenario definition approach is given.

7.6.1 Scenario Definition Approach

The travel forecasting process (including both the regional forecasts and subarea simulation)
must be validated to represent the nework geometry, capacity, control and traffic
characteristics of the study area (see Section 8). These processes are usudly developed and

2  Thesimulated non event scenarios were used to understandthe affects of variations in travel demand and number of minor
accidents on these “normal” days. Thisinformation was used to interpolate the impacts of the remaining 8 non event scenarios that
were not simulated.
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Figure 7-15. Seattle Area Case Study Representative Day Scenario
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validated to represent expected conditions on atypical day by timeinterval (e.g., an average
weekday daily, AM peak period, or PM peak period travel). Normally, all atypical conditions
(accidents, construction, severe weather, special events) are removed from both the validation
data and forecasting process. When applied, typical forecast processes are also usually only
run to represent one set of average conditions (usually the average weekday). Expansion
factors are then used to convert the average forecasts to annual values'.

Implicit in the typical analysisis the assumption that the relationship between the average
“modeled” conditions and the annual values remains constant. In other words, the instances
with conditions better than the average or worse than the average is assumed to remain the
same both over time and under different aternatives. Thisis not likely to be the case when
ITS and other operational strategies are incorporated into the MIS andysis since they cause
the system to react to the varying conditions. The goal of defining the set of representative
day scenariosisto explicitly represent the conditions where the alternatives may respond
differently and include the differences in the analysis.

Itisfairly easy to define asmall set of scenarios like “accident blocking three lanes on
southbound I-5” that would cause major disruptions to the system and show significant
benefits for I TS services such as incident response or route guidance.

However, there are very many links of |-5, or any other highway, that this could include. Of
course, what is specified and where it is located can make a large difference in the results.
Also, the subareasimulations require large amounts of computer time and resources to
execute. For example, in the case study to simulate a scenario for an alternative reqw red 12
hours of computing time using a Pentium 200 Mhz PC and 176.5 MB of disk storage The
major issue in defining the scenarios therefore becomes how to select the smallest
representative set that will both reflect the varying conditions and differences in each
alternative' s response to them and keep the computing, storage and staff effort reasonable.

Figure 7-16 provides a schematic of the principles of scenario definition. The figure shows
how the delineation of scenarios varies across the scenario definition dimensions. For
illustration only three of the many possible scenario dimensions are shown: Traffic Demand;
Weather Severity; and Incident Severity. Each scenario represents a range of potential values
along each of the dimensions as shown by the boxes in Figure 7-16. The scenarios are
selected based upon the likely change in potential impacts caused by the ITS services and
other characteristics of each dternative. Where the impact is likely to be low, ardatively
large range of values for each o the scenario dimensions can be represented by asingle
scenario. Variations in mild weather conditions, low-to-average traffic, and minor accidents
have little to no impact on expected travel conditions and can thus be represented by a single
non-event scenaio (the large box in the lower left corner of Figure7-16). As conditions

3 Typicaly, the expansion factor is simply based upon the frequency of days as well, which also implies that the conditions are
uniform. For example, there are 255 weekdays in ayear and an expansion factor of 255 is often used to convert the forecast
average weekday totals to average annual weekday totals.

4 Thisincludes separat e simulations using 4 random seeds per scenari 0. As explained later i n this subsection 22 scenarios were
defined for the case study. This equates to 264 hours of computing time and 3883 MB of storage for each alternative.
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along each dimension become more svere the scenario definition becomes finer since both
the difference in actual and average conditions and the impacts of each alternaive will be
greater. Rain and snow affect private automobiles and transit very differently. ATIS may
provide different benefits for incidents and bad weather versus an incident in good weather.
A finer delineation is needed to capture these variations. Combinations of severe conditions
for several dimensions may have thegreatest variaion in impacts and thus need the finest
stratification.

Each scenario is defined for subarea simulation by assigning a value for each dimension from
the range of possibilities the scenario represents (a point within the box). For example, the
least stringent non-event scenario in Figure 7-16 may be defined by three mild accidentsin
the system, travel demand at 0.95 times average weekday conditions, and cloudy 40 degree
fall weather with no rain. Parameters representing these conditions are coded for simulation.
The likelihood that the each scenario will occur is then determined and used to weight the
results of the simulations. Data from 1994 and 1995 were used for the Sesattle area case study
and the probabilities determined statistically.

Again, al potential combinations of the scenario dimensions must be captured within defined
scenarios, and the scenarios cannot overlap. This ensures that the probabilities sum to one.

Sour ces

Thefirst step in scenario definition was identifying data sources and obtaining the data bases
for analysis. In the Seattle region, the following data sources are available:

. Freeway traffic volumes and speeds. Fixed loop (vehicle counts) and loop
pairs (speed) exist for the freeways and ramps under North Seattle TMC
management. This includes historical records for volumes from 1978-present
in 5-minute interval. Recently some speed data at locations have also been
collected. Interventions (ramp settings) are recorded for recent years and
manually recorded prior to that.

. Incident and accident data Two sources of information are available. Detailed
dataon “incidents’ are from the WSDOT Incident Management Center.
Beginning in 1991, thisinformation includes manual records on WSDOT
response to “significant” incidents (generally those lasting over an hour).
Recent years have automated database records. Many attributes of the incident
and response are included, such as lanes blocked and remediation time.
WSDOT also maintains information on dl reported acddents from the State
Patrol. The State Parol archives accident records back 6 years. Compaed to
WSDOT records, this information has much more detail on the cause of the
accident, vehicles involved, and severity and less on the impacts of the
accident to traffic such asits the duration of blockage, number of lanes
blocked, or exact location.
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. Traffic volumes and speeds off freeways Thisincludes pneumatic counter
datafor continuous, periodic and irregular samples at various sites. There are
only afew permanent count sites run by WSDOT other than the TMC loops
on the expressways. Raw data are kept in 15 minute intervals, with annual
ADT estimates published for state routes. Data collection and archiving
includes data from both WSDOT and local jurisdictions.

. Weather data The National Climatic Data Center mantains archivesof hourly
surface weather observations. These include all weather attributes of possible
interest, although they are collected only at the SeaTac airport for the Seattle
region.

. Transit data Historical signpost-AVL and APC data exist for established
checkpoints, and quarterly samples are given by route. The dataare
insufficient for link-based operaing speed analysis.

. Speed profiles. Scattered historical data exist. The study team collected afew
GPS-based profilesfor I-5 and SR 99.

The TMC loop counts of expressway traffic volumes were obtained for 1990 to give baseline
validation to the mesoscal e network model. Given the availability of incident data, it was
decided to start scenario definition by using the 1994-95 period. The TMC, weather and
incident data were obtained for this period.

Significant volumes of data are invdved. There are hundreds of WSDOT-response incidents,
tens of thousands of accidents, 17,520 hours of weather observations, and approximately
1400 individual loopsin the TMC data reporting every 5 minutes. Altogether, there are about
3 gigabytes of data for the 1994-95 period, most of it in the traffic loops data. Even so, a
major deficiency continues to be the lack of fine resolution traffic data from roads other than
the expressways Under the ciraumstances, traffic impacts of inddents or weather can be only
partially estimated from the data since inevitably they will involve off-freeway and off-state
route diversions and congestion.

7.6.3 Initial Data Analysis of Scenario Dimensions.

After obtaining the data, datainput routines were developed and initid analysis carried out.
One of the first tasks was that of reducing the information into indicators that could be used
for subsequent analysis and event/non-event classification. Initially, the analysis focused on
the AM peak period since thisis the period used in the subarea travel smulations. The
scenario definition was expanded to include both the AM and PM peak periods to better
capture variability of non-recurrent events when it was discovered that their conditions were
somewhat different. The AM peak periods were significantly more likely to have severe
weather conditions, while the PM peak periods had higher likelihood of accidents and

Thisisjustified since, asin many sudies, relative ymmetry is assumed between the AM and PM periods
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incidents. Findings relevant to the weather, incident and accident analysis, travel demand
variation, and their implications for the scenario development process are discussed below.

Weather Information

The National Climatic Data Center information from the SeaTac airport for 1994 and 1995

was obtained and used to analyze variations in weather conditions. Thisinformation
included hourly observations on 47 dataitems for each day of the year, 24 hours per day. The
47 data items provide detailed meteorological and environmental information such as ceiling
height; sky condition; total sky cover; amount, type, and height of up to four doud layers;
fine gradations of types of precipitation or visibility factors (e.g., snow, snow pellets, ice
crystals, snow showers, and snow grains; or fog, ice fog, ground fog, blowing dust, blowing
sand, smoke and/or haze, and dust); wind speed and direction, temperaures, barometric
pressures; and other data. These data (with the exception of visibility and wind) do not
directly give surface conditions and are difficult to relate to the transportation system and
travel impacts. Therefore, these data were combined and reduced into a few indicators
deemed relevant to surface transportation. In order to capture the variability in the dataa
scale was devised for each indicator. The indicators and their scales are:

» Vighbility factor (derived from: precipitation and obscuration detail - see above
examples-; ceiling height; and cloud covers, types and heights), scale 0-10

* Vishbility (miles as reported), observed values vary from 0 to 100 miles
* Wind speed (knotsas reported), observed values vary from O to 32 knots
» Rain (based on the non frozen precipitation detail for the current hour), scale 0-10

*  Wet Ground (likelihood of ground wetness derived from the precipitation, frozen
precipitation, temperature, humidity, dew point, degree of overcast, and darkness over
the last four hours), scale 0-10

* Frozen Precipitation (based on the frozen precipitation detail for the current hour),
scale 0-10

» Frozen Ground (likelihood of surface freezing derived from the precipitation, frozen
precipitation, temperature, humidity, dew point, degree of overcast, and darkness over
the last four hours), scale 0-10

* Snow Cover (likelihood of snow cover based on cumulative frozen precipitation),
scale 0-10

1994 and 1995 were chosen to be consistent with the other data saurces on accidentsand traffic conditions.
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The original predpitation and obscuration details are generally coded to athree levd scale
such as: light rain, moderate rain, heavy rain; or light drizzle, moderate drizzle heavy drizzle.
This was expanded for most of the indicators to merge the underlying elements and reflect
the influence of previous hours on current conditions. In general, an indicator value of O
represents good wesather or zero probability of inclement conditions. The highest value (5 or
10) represents severe weather or 100 % probability of inclement conditions.

Table 7-8 shows the percentage hours with each of the weather indicator values for 1994 and
1995 for both the AM and PM peak periods. The table shows that AM conditions are
generally worse than those in the PM, with higher probabilities of poor visibility,
precipitation, poor ground conditions, and snow cover. PM conditions on the other hand are
generally more windy. However, in both the AM and PM peak periods good westher
generaly prevails, with poor visibility, wet ground, and rain being the most likely inclement
conditions (e.g., the AM peak hours had probabilities of 35.6% for wet ground, 23.8% for
rain to some degree, and 29.3% for poor visibility). Frozen precipitation and snow cover,
while rare, does occur regionally and did occur heavily during the winter of 1996-97.

The weather data were analyzed to determine what could be considered an unusual weather,
or event, day. An attempt was made to use a single combined weather indicator which was a
weighted sum of the hourly weather indicators. This proved to be ineffective since a severe
score on any one indicator such as visibility could be significant, yet was masked if the other
indicators had low scores. Consequently, a maximum non-event level was set for each
weather indicator. If the average indicator soore for a peak period exceeded the maximum, it
was considered as to be an event paiod due to weather. The indicator criteriaare shown in
Table 7-9. Using these criteria, 25% of the peak AM periods being classified as weather
events and 15% of the peak PM periods.

It was also found that the weather indicators associated with wet/poor visibility (rain,
wetness, and visibility factor) were highly correlated (R* >= 0.80). The indicators associated
with frozen condtions (frozen precipitation, frozen ground, and snow cover) werehighly
correlated aswell (R? >= 0.82). Thesewere therefore collapsed into “wet” and “snow” events
for the scenario devel opment.

Incidents and Accidents

The next factors to be considered are incidents and accidents. Incidents will be used to refer
to the cases reported in the WSDOT incident response database and generally are defined as
accidents or other events causing some highway condition on a state route that requires about
an hour or more of WSDOT activity to deal with. Accidentsinclude al reported (by the State
Patrol) highway accidents.

Aswith the traffic volume data, there is a demarcation between incidents and accidents on
state routes that are dealt with in WSDOT databases and all reported accidents as recorded in
State Patrol files. Because of confidentiality, the detailed State Patrol files could not be
obtained. Accordingly, the WSDOT files are relied on, covering both the state routes outside
the City of Seattle and datafor all Sesttle city streets. All accidents reported are available as
county level annual tabulations.
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Table 7-8. Distribution of Peak Periods by Weather Indicator (1994 - 1995)

Percent A Peal Hours with Indicator Score (15994 - 1995
Wiather Indicators 1] 1 2 K] 4 ] 3] Fi a ] 10 = 10 Total
Wisihility Factor 71 7% 0% A0 2% 10 5% 0%, AR% - - - - -- - 100 1%,
visihilite (il 6% [1.8%, 20% 1.1% 1.4%, 21% 1% F.0 % 0.4% 01%| 126%| AB54%| 100.0%
Wind Sheed (knots)® 1.4% [0.0%, 0.0% Ad%|  10.2%0 18.9%| 141%[ 135%| 11.7% T.2% 46%  13.0%] 100.0%
Eain Th. 2% [.0% 00%| 23 7% [0.0%, 0.0% 0.1% 0.0%, 0.0% 0.0% 1. 0% - 100, 0%
Wit Grognd G4 4% 1.5% 22% 5.5% 1.3% 1.7% 45% 0.7% 8% SE%)  11.8% - 100 0%
Froren Preciptation 00 oo [ 0% 0% 0159% 0% O0% 0% 0% 0% 0% 0 0% - 100 1%
Frozen Ground S6. 3% 1.6%, 0.4% [.8% 1.1 %, 0.2% 0.2% [0.0%, 01% 0.1% 0.2% - 100, 0%,
St C o er SY. 8% 1.3% 6% 0.3% [.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1. 0% - 100, 0%
FPercent P Peak Hours with [ndicator Score {1984 - 1995
Winathet [ndic ators 1] 1 2 K] 4 5 G 7 a2 | 10 = 10 Tatal
Wisihility Factor 0 0% 1oranl 11 3% F 99 [0% OF% - - - - - - 100 119
visihility (hiiles)’ 1.5% [1.6% 0.7 % 1.0% 1.1 % 23% 2.3% 7.5% 0.0% 01%| 17 7% 66 2% 100.0%
wind Speed (nots® 0.7% [.0% 0.0% 2.2% 5.3% 3.8% S4%| 109%] 17 7% B1%|  11.0%] 26 3%| 100.0%
Eain 21 9% 0% o9 17 7% [10% 0.0% 0.4% 0.0% 00% 0.0% 0% - 100 0%
Wit G5 e T2 0% 1 8% 1 7% A 1 3%, 2% 2O 08% 07 % 0% e - 100 1%,
Frozen Precipitatinn q0 7o 009, 0% .34 [09% [0 0% [L0% 0% 0% [ [1% - 100 0%
Frozen Graund S99 5% 1.1 % 1.1% 1% [0.0%, 0.0% 0.0% 0.0%, 0.0% 0.0% 0.2 % - 100, 0%
Sy C o er 599, 6% 0.2% 0.0% 0.2% 0.0%) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% - 100, 0%

1. %isibility isin miles as reported. The = 10 miles colurma includes values from 101 to 100 miles
20nd Soeedis in knots a5 repoted. The = 10 knots column inlcudes valles from 101 to 32 knots
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Table 7-9. Weather Even/Non-event Criteria by Weather Indicator

Weather Indicator Fange Minimum “Ewent”
Criteria

Wisibility Factor 0-5 3
Fain 0-10 3
Wetness 0-10 5
Frozen Precipitation 0-10 1
Frozen Ground 0-10 5
snow Cover 0-10 1
Peak AM Penods with Weather Events 25%

Peale P Periods with Weather Events 15%

Incident data are available for all of the WSDOT Northwest District, inclusive of all of King and
Snohomish counties. To date, only King County accident data have been obtained. Table 7-10
below indicates the numbers of accidents and incidents being analyzed. These data indicate that
there is a substantial filtering of the records down to the most significant in the study area.

The incidents can be fully characterized by location, environmental conditions, impact on the
highway, and duration. For purposes of defining the scenarios, an expanded study areais used.
This expanded area includes 237 incidents in 1994-95 out of 428 for the entire two county area.
The expanded area is defined as the simulation subarea plus:

* All of I-5in King and Snohomish counties

» All of 1-405

e [-90 from Seattleto about twelve (12) miles east
* SR 520 to about 8 miles east

* All of SR 99 in King and Snohomish counties
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Table 7-10. Accident and I ncident Statistics for Seattle Area

Total reported accidents, Kmg County 1994-95 94,273
Fatal 218
Injury 39,370
Froperty Damnage 54685
Total reported accidents, Seattle 1994-95 39,079
Total reported accidents, Fling County State Eoutes, 12,694
outside Beattle 1994-95
Total King and Snchormish incidents, 1994-95 428
Incidents in expanded study area 237
Incidents in expanded study area, AWM peak 23
Incidents in expanded study area, P peak 128
Incidents i expanded study area, I-5 158
Incidents in expanded study area, I-90 12
Incidents in expanded study area, 3E 99 &
Incidents in expanded study area, I-405 36
Incidents in expanded study area, other 25
state route

The reason for using the expanded areaisthat I TS strategies applied within the ssmulation area
will be effective for diversions aound incidents outside the area. The expanded area was used to
analyze the incidents for event/non-event classification, and to determine the probabilities of
incident location when defining the scenarios.

Even with the expanded area, the incident sampleisrelatively small. Most are on I-5 and [-405.
This indicates more about WSDOT incident response strategies than accident distribution.
However, these are also the routes with best traffic loop instrumentation.

Theincident files were combined with the volume and other peak periodinformation to
determine the likelihood and potential severity of an incident for the scenario definitions. AM or
PM peak periods with any incident at all are rare. Only 6.8% of the AM peak periods and 6% of
the PM peak periods for weekdays have incidents recorded in the incident file. However, it was
decided to define peak periods with lane minutes of delay due to incidents at greater than or
equal to 30 minutes as incident event periods. This provides a clear distinctionbetween incidents
and minor accidentsin the accident file. As shown in Table 7-11, this changes the percentage of
peak periods with“event” incidents only slightly from the values found using any incident to
define an event.
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Table 7-11. Event/Non-Event Inddent Criteria

Pealz Per1od %o Periods %o Pertods

Mo Inciderts Lane Minutes Delay =>=30
Pealz A1 Period £.5% 600
Pealt PM Pertod &0 5.2%

The accidents reported in the State Patrol accident files were also analyzed to examine the
likelihood of minor accidents throughout the system that may not be reported by the WSDOT
Incident Management Center. These are assumed to cause less than 30 minutes of lane delay. An
accident is nearly always occurring somewhere in the system. While each accident may be small,
their cumulative impact may be noticeable in the system. Therefore, peak periods with asmall or
average number of accidents are considered a non-event occurrence. On the other hand if an
unusually large number of accidents occursin aperiod, it is classified as an event. Table 7-12
shows the distribution of the number of accidents during peak AM and peak PM weekday
periods on major arterials and interstates.

Table 7-12 highlights the much large likelihood of accidents occurring in the peak PM periods.
This made it somewha difficult to seled a common criteriafor defining accident event periods.
Number of accidentsin apeak period greater than six was chosen as a balance between AM and
PM conditions. It was also reasoned that this number of accidentsin any peak period may have
noticeable impacts on the system and that I TS and other operational strategies can help reduce
those impacts.

Travel Demand Variation

Travel demand can aso vary from day to day due to specia events, weather conditions, or
seemingly random combinations of other factors (e.g. sickness, vacations, shopping trips).
Variation in travel demand can also have a significant impact on the performance of the
transportation system, especialy if it is operating close to capacity. Variation in travel demand
was analyzed based on traffic volume data from the WSDOT Traffic Management Center and
FLOW program for 1994 and 1995. Andyzing this data set proved to be one of the major efforts
of the scenario development due to its size, reliability, and organization.

Significant effort was spent in devel oping software to extract the volumes and organize them by
both date and location. Due to the unreliability of loop detectors routines also were required for
checking the volume information for bad loops, and adjusting the data accordingly.

A set of eleven strategic count locations were selected to represent the variation in overall travd
demand in the Seattle area that may impact the study area. These included locations on 1-5, SR
99, 1-405, 1-90, and SR 520. The average weekday two-way, 24-hour vaumes
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Table7-12. Event/Non-Event Minor Acddent Analysis

Mutnber of Peak Period Cumulative %% Weekday Cutnulative %% Weekday
Minor Accidents Peak AM Periods Peak PM Periods
0 5. 8% 1594
1 17 2% 3.8%
4 33.7% T.0%
3 52.7% 16.0%:
4 6&.3% 26.3%%
5 TE.6% 37
fi ad. 5% 51.1%%
7 59.0%% 61.5%%
& 92.4% T1.3%
9 95 8% a0.4%:
10 97.6% 85.2%
11 or greater 100%% 100 %%
Mazimum number reported 20 27
Percent Event Periods 15.2% 48.9%
Mumber of accidents > 6

observed from these locations for 1994 and 1995 are shown in Figure 7-17. As shown,
information from January 1994 was excluded from the analysis, since it was verified by WSDOT
that bad detector data were corrupting the information. Holidays and weekends were dso
excluded. Figure 7-17 shows that the demand variation can be significant with  representative
average volumes ranging from approximately 91,000 to 170,000. While holidays themselves
were excluded, data exploration showed that many of the extreme cases fell within one or two
days of amagjor holiday. The cause of other major variations could not easily be identified.

The regional forecasting process provides the average annual weekday travel demand for the
horizon year. Consequently, the analysis needed to represent the variation within ayear from the
year's average weekday demand. Average demand increased from 1994 to 1995 by 6%. A
“Volume Ratio” (average weekday demand = 1) was defined by dividing each day’s average
volume by the annual average for the year it occurred in (133,218 for 1994, and 141,824) for
1995. This new ratio was used to remove the growth trend from the data and was used
subsequently to define the volume levels for each scenario.

7.6.4 Scenario Definition and Likelihood Estimation

Once the data were prepared and initial analysis was performed with respect to non-event/ event
criteriafor each scenario dimension the next step was to define the actual scenarios and
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calculate their likelihood. Initial correlation analysis on daily and peak period aggregations of
the data showed virtually no correlation between the major scenario dimensions' (weather,
incidents, accidents, and volumes). The scenario definition and likelihood estimation,
therefore, became arelatively ssmple process of sequential segmentation and analysis of the
1994 - 1995 data for each dimension of the scenario tree (see Figure 7-15). At each levd
branching criteria were determined, the data subdivided, and cross tabulation and frequency
analysis carried out to determine the relative probabilities of each subdivision. The sequential
order of analysiswas: (1) Non-Event/Event; (2) Weather; (3) Incident/No Incident; (4) Travel
demand variation; and (5) Accidents. This divide and conquer strategy of sequential
subdivision following each branch of the scenario tree ensures that the final set of scenarios
will be mutually exclusive and cover all possibilities. Care must be exercised, however, since
it can also generate a very largenumber of scenarios, which would be difficult to process
reasonably in subarea simulation.

Determining the sequential order of analysis for the scenarios was a somewhat subjective
decision. The branching criteriafor event vs. non-event, type of weather, and incident vs. no
incident were predetermined based upon theinitial data analyses and were therefore broken
out first. When the segmentation progressed to examining the travel demand variation and
minor accidents, additional cluster analysis and frequency distributions were performed to
determine how the branching should most effectively be carried out.

The potential impacts of ITS strategies and differences between alternatives are likely to be
most significant within the event scenarios. Therefore, the first step in the scenario definition
was to segment the AM and PM peak periods by the event and non-event criteriadefined in
the last section. If a peak period met the criteriafor an event on any dimension it was
classified as an event period. The independent probabilities of an event for each dimension
from the previous section and the probability of an event occurring in any of the dimensions
are shown in Table 7-13. The combined analysis resulted in a 46.5% probability of an AM or
PM peak period being classified as an event period and a 53.5% chance of a peak period
being classified as non-event.

Once the likelihood of a period being an event or non-event period was determined the next
step was to analyze each independently. The non-event days are considered average days but
still have variations in demand and minor accidents. The event days have one or more
occurrences of severe weather, an incident, or more than six accidents as well asvariationsin
demand. Event periods were further segmented into event periods with good weather
(60.16%), wet/rain (38.9%), and snow/frozen (.94%). Each of these was divided based on an

17 All correlationsof the peak period daa between the major dimensions werefound to be between -0.15 and +0.15. Hourly and
location specific analysis may be required to truly examine relationships beween weather and accidents or volumes. For
example, avery clear relationship was found between thenumber of accidents by hour and location and the onset of a major
storm on the day with the highest reported number of accidents (60 accidents occurred in the system on November 10, 1995) in
the data base. This relationship was hidden at the daily and regional levels.
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Table 7-13. Event ProbabilitiesAcr oss Dimensions

AM Peak Period PM Peak Period Combined Peak
Scenario Dimension Event Probability Event Probability period
Event Probability
Weather 25% 15% 20%
(See Table7-9)
Incidents 6.0% 5.2% 5.6%
(See Table 7-11)
Accidents 15.2% 48.9% 32.1%
(See Table 7-12)
Combined 37.3% 55.7% 46.5%

incident occurring or not occurring. Separate frequency distributions were carried out for the
frequency of minor accidents for non-event periods and event periods. A low, median, and
high frequency level were then typically chosen for the scenario branching.

Since no natural categorization exists, a separate analysis was also performed on the travel
demand variation at each branch of the scenario tree (non-event/event, weather, incidents) to
determine its segmentation. Cluster analysis, which groups observations into a specified
number of most similar groups according to some criteria, was used for this analysis. The
Ward' s cluster method, which minimizes the variance between observations within each
cluster, was chosen as the specific method. Clustering was carried out on the volume ratios
(observed volume/average annual volume) on the peak periods within each segment. For each
scenario branch severa different levels of clustering were also explored and thevolume
ratios and probabilities from the lowest number of clusters which still captured the demand
variation. For example, under the non event scenarios five clusters were chosen with the
following volume retios and probabilities:

1. Volumeratio of 0.789 with 14% probability
2. Volume ratio of 0.962 with 12% probability
3. Volumeratio of 1.016 with 27% probability
4. Volumeratio of 1.075 with 43% probability
5. Volumeratio of 1.21 with 3% probability

The five levels were needed to capture the likelihood of very low or high demand under
otherwise normal conditions. The specific volume ratios chosen for each of the scenarios are
shown in Figure 7-15.

7-63



7.6.5 Scenario Represmtation Within Subarea Smulation.

To analyze an alternative a subarea simulation analysis must be carried out for each of the
defined scenarios. This process includes devel oping the inputs to represent the scenario and
carrying out ssmulations for four separate random seeds. The four random seed simulation
runs are averaged to produce the scenario results. Twenty-two of the thirty simulation
scenarios were identified for subarea simulation. These included all of the event scenarios. A
subset of the non-event scenarios that captured the impacts on normal days of demand
variation and number of minor accidents were simulated. These were then used to determine
the impacts of the remaining eight non-event scenarios through interpolation. An alternative's
results are obtaned from the weighted average of the scenarios using the scenario
probabilities as weights. Each alternative, therefore, required 88 individual subarea
simulation runs (22*4 random seeds) to obtain its overall results.

To develop the simulation inputs for a scenario, values must be specified for the weather
impacts, incident and accident locations, and travel demand volume. How these values were
determined and input for the case study is described below.

Weather Impads

Severe weather such as rain, wet conditions, ice, and snow causes a network-wide reduction
in capacity as drivers maintain wider spacing, takelonger to clear intersections, and operate
at lower speeds than under dry pavement conditions. A study in Houston found a reduction in
freeway capacity volumes of 14 to 19 % dueto rain. A similar effort in Minneapolis reported
that even trace amounts of precipitation reduces capacity by 8 % and the reduction increases
by 0.6% for every 0.01 in./hr increase in rainfall. Snow caused an additional 2.8% reduction
(Highway Capacity Manual, TRB, 1994). Other research has al so established concomitant
shiftsin the free flow speed, and shape of the volume speed functions under adverse weather
conditions ( Hall and Barrow,1988, Ibrahim and Hall, 1994 ,Hanbali and Kuemmel, 1993,
Gillam & Withill, 1992).

The above impacts of weather are input to the INTEGRATION subarea simulation by
adjusting three nework-wide parameters that factor coded link capacities, free flow speeds,
and speeds at capacity. The adjustment factors are used are shown in Table 7-14.

Table 7-14. Subarea Simulation Adjustment Factorsdueto Weather

Capacity Speed at Capacity Free Flow Speed

Condition Percent Change Percent Change Percent Change
Wet/Rain -12% -20% -10%
Frozen/Snow -20% -35% -20%

Incident and Accident Assumptions

The location, start time, duration, and severity of the incidents and accidents assumed for
each scenario can have significant impact on the relative benefitsof each aterndive and its
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ITS services. For the scenario definition incidents are major accidents which cause more than
30 lane-minutes of delay, and accidents are minor accidents that occur throughout the
transportation network.

To represent the incidents and accidents in the INTEGRATION subarea simulation, a
separate “ Incident” fileis prepared for each scenario. Theincident file has the location (link
number), start time, time to clear or duration, and lanes blocked coded for each accident or
incident. As discussed previously very good information on each of these parameters was
provided in the WSDOT incident files. Much more limited information was available for the
minor accidents. Locational analysis was performed on both to determine the likelihood of an
incident or accident occurring on each facility in the network. This information was then used
to guide the subjedtive placement of the incidents and accidents for each scenario to obtain
representativeimpacts. The incident and accidert inputs for each scenario are shown in Table
7-15. Geographic location of the incidents and accidents are shown in Figure 7-18. To reduce
the impact of using the same accident locations for each analysis, several subsets of accidents
were defined and used in different scenarios.

Travel Demand Level

The average weekday travel damand for the horizon year for the subarea simulation is
obtained from theregional travel forecasting process in the form of person and vehide trip
tables. To represent the travel demand for each of the twenty-two scenarios, these trip tables
are simply factored by the scenario’ s specified volume ratio shown in Figure 7-15. For
example, the volume ratio for the NEL (non-event, low demand, high acadent scenario) is
0.789.

7.7 1TS Service Representation

This section describes how the ITS elements and strategies were incorporated into the study.
When forecasting each alternative’ s travel an atempt was made to Smulate the net impacts
of all the traditional build and ITS elements identified as part of the alternative. This captures
the combined effects of the overall system and addresses the tradeoffs (both positive and
negative) that may occur when two competing services may be part of the same overall
package.

As discussed previoudly, the regional forecasting process provides the overall travel patterns
and forecasts the impacts of changes in the average or perceived service atravder seesin
making their choices. The ssmulation model captures how the system responds to changing
conditions, traffic operational improvements and updates in information. An integrated
process has been provided that interfaces both systems and provides the framework for
analyzing each ITS element in an overall aternative. Theinitial representation of each ITS
element depends on the problems/issues within the overall transportation system that it is
designed to address. Table 7-16 provides asummary of the ITS elements and their initia
representation. As shown, the ATIS elements that provide updated information and system
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Table 7-15. Subar ea Simulation Scenario I ncident and Acadent Definitions
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Table 7-16. M odel Representations Used To Analyze I TS Strategies
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response to road/traffic conditions are initially represented in the simulation side’. In
subsequent model iterationsimpact of ATIS elements on average “perceived” conditions
found in the transportation system may be “fed back” and represented in the regional
networks.

A more detailed description of each of the ITS elements and their representation in the
integrated forecasting process follows. In each of the “with ITS” options for the study, the
ITS elements are represented as they would logically be implemented in conjunction with the
“build” option under study and the method described below is then applied.

7.7.1 Advanced Traffic Management Systems (ATMYS)

Advanced Traffic Management Systems (ATMS) provide traffic monitoring, surveillance,
and controls to alow the traffic system to operate more efficiently by responding to changes
in road/traffic conditions in atimely fashion and managing the traffic operations as a system
rather than as a group of isolated intersections and signals. ATMS systems improve both the
system’ s response to varying conditions and the system’ s performance under average or
expected conditions. Consequently, the ATM S impacts are represented in both the regional
model system and the subarea simulation model. How thisis done is explained more fully
below.

Because each of the ATM S elements works closely with the others to provide an integrated
traffic management system, the ATM S services are bundled together and analyzed based
upon the function they perform. For example, very little benefit accrues from surveillance
until itsinformation is used to adjust the signal/control system for traffic operations. The
details of the ATMS elements assumed in each of the alternatives are described in Chapter 6.
The ATMS system assumed for the base and the system for ITS Rich each has a different
level of surveillance, integration of controls, and performance.

BaselineATMS

For the ATMS base level of service, ramp meters are explicitly represented in both the
regional and simulation systems. In addition, the simulation subnetwork also models signal
system control and network surveillance.

Ramp Metering Seattle has an extensive network of ramp meters supporting the freeway
system throughout the region. Within the North Corridor ramp meters exist in both thebase
and build alternatives along I-5. Figure 7-19 provides a schematic of aramp meter and its
impacts on the transportation system. As shown the ramp meters have two types of effects.
(1) They remove/reduce the conflicts on the main traffic lanes due to merging and weaving of

2 Notethat some ITS services suchas route guidance are directly represented in the simulaion. Others areindirectly represented by
estimating their impact on the link parameters and coding this impact into the smulation. One exanple is AVL dispatching and
Mayday Support, which is reflected through reduced incident duration times.
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the ramp traffic entering the facility downstream of the ramp. (2) They introduce delay,
gueueing, and potential queue spill back on adjacent links for traffic using the ramp.

The improved capacity on the mainlanes was captured in the regional network by first
properly reflecting the downstream capacity reduction due to weaving in the base coding
conventions of the subarea. Thus, in the base networks all downstream links of ramps
without ramp metering were identified and their capacity reduced by 5% (Van Aerde &
Baker, 1996). This coding convention was incorporated into the base vdidation as well.
When aramp meter exists or is added to the system, the downstream capacity of the
mainlanes is then returned tothe mid-link throughput capacity as defined by PSRC. Thus, the
improved level of service offered by the ramp metersis represented and the bottlenecks
caused by ramps without meters are also properly reflected.

The time associated with the ramp meters themsel ves has three components: the normal
travel time through the link, the delay due to queuing, and the time due to acceleration and
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deceleration (Kurth & At van den Hout, 1996). An average meter rate of 4 seconds per
vehicle (900 veh/hr) was assumed for each meter. As volumes go beyond 900 vehicles per
hour, it was also assumed that the ramp would be flushed to prevent backups and signficant
delays (queue dday greater than 2 minutes). A simplequeing formula was used to calculate
the queueing delay for volumes less than 900 veh/hr. For rates over the metered maximum,
the additional time per new vehicle was presumed constant (same slope as the additonal delay
caused by the increase of 700 to 800 vehicles per hour).

Signal Control. Signal timing plansin the North Corridor follow representative cycle lengths
obtained from the 1995 North Seattle ATM S document. This document also identified the
current level of jurisdictional cooperation along important arterial corridors such as SR 99
(AuroraAve.). In the SR 99 case, there were three pieces of the arterial where signal plans
and offsets were coordinated for support of peak period flow. Initial figures for phase splits
for the peak period were determined using information provided by the ATM S document.
Since this information was not available for all of the 150 signals and the phasing complexity
of some intersedions exceeded INTEGRATION's cgpabilities, an average peak period phase
split was determined for other signals through the application of Webster's formula. These
signal plans are considered fixed for the duration of the AM peak period in the base case and
are not changedin the event of inddents or other nework events.

Network Surveillance. Surveillance is modeled along the current WSDOT plan for 1-5. Flow
and speed data ae considered to be updated in red-time and datafor I-5 is made avalable to
ATIS users.

ITSRich ATMS

A bundle of ATMS elements which represents a much higher functionality is provided for the
ITS Rich and other build with ITS dternatives. These aternatives assume the deployment of
Coordinated/Adaptive Signal Control systemsin the corridor (including coordination

between ramp meters and adjacent arterial signalization) and an expanded network
surveillance capability.

Coordinated/Adaptive Signal Control. Three levels of signal control (primary corridor,
secondary corridor, and grid control) are described in Section 6 for the representaion of the
Coordinated/Adaptive Signal Control System. Initial assumptions based upon past Mitretek
analyses for each level of control on capacities and speeds are shown in Table 7-17. Thae are
dlight differences in the parameters coded within the steady state regional networks and the
simulation networks. These differences are due to the explicit representation of the signal
system and queues with the INTEGRATION process. The steady state parameters are
consistent with EMME/2, but the adaptive aspect of the cortrol is handled in more detail in
INTEGRATION. Sincetransit priority implies that the cross street green time will be
affected in some manner (through extended green times for the buses), the charaderistics of
the road segments that cross atransit priority corridor are adversely impacted.
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Table 7-17. Coor dinated/Adaptive Signal Control Network Assumptions

i 1 [T EGREATI O
Free Flow Free Flow Sheed at

Designation Speed Capacity Speed Capacity Capacity Signal Stratedy
Priority Corridor (SR 99) 5% 4% 5% 2% 2% DCO Level 1 Corridor
Friorty Corridor (other) 10% 9% 10% 0% 5% DO Level 1 Corridaor
Secondary Corridor 7% E% 7% 2% 2% OCO Level 2 Corridor
Grid Control Area 5% 2% 5% 2% 1] Isolated Adaptiv e
Perpendicular to Transt Priority 0 5% 0 0 5% —-

Notes:

=

NoorwN

intersection signalization.

8. Changes in Capacity are the result of control efficiencies along the link and at the link end (major intersection). INTEGRATION

DCO (Dynamic Corridor Optimization) is a set of adaptive signal control strategies analogous to those implemented in SCOOT. DCO
Level 1 Corridor simply means it is optimized first, DCO Level 2 is optimized second, and s on.

Priority Corridor assumes maintenance of cross-traffic along links at some minimum level of acceptability.
Secondary Corridor assum es maintenance of cross-traffic along link s at no worse than pre-ATM S deployment.
Grid Control Area assumes more efficient allocation of green-time along link without directional preference.
Links designated as Perpendicular to a Transit Priority have capacity reduced by 5% -- this is additive to any other designation.
Grid Control Area designation is NOT additive to Priority Corridor or Secondary Corridor designation.
Changes in Free Flow Speed and Speed At Cgpacity are the reault of efficiendes obtained along the link controlling minor

models the link end (major intersection) explicitly and so the capadty increase islower than in EMME/2.
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The corridor control levels (primary and secondary) are modeled within the Dynamic Corridor
Optimization (DCO) algorithm available in INTEGRATION. Thisis aMitretek heuristic
technique for finding the most congested corridor within a network and then optimizing offsets
along the direction of the corridor with the most delay. After the contrd settings at these
intersections have been determined, the heuristic searches for the second worst corridor and
optimizes it under the constraint that previously optimized intersections may not be altered. The
technique has been demonstrated to outperform fixed timing plans optimized for the steady-state
when demand levels or directionality deviate from the expected steady-state conditions (Mitretek
Systems, June 1996).

Primary corridors are modeled as a subset of corridors in the network and are optimized before
any other corridors are considered. Secondary corridors represent anothe subset that receives
optimization priority over al but Primary corridors in the network. In the grid control, corridors
are not selected (i.e., progression offsets are not computed), but signal phasing follows an
isolated adaptive optimization scheme.

Expanded Network Surveillance. Network surveillance for incident management and ATIS
support is assumed to have expanded onto many of the major arterial segments of the network.
All areas are considered under surveillance for these two functions where Coordinated/Adaptive
Signal Control has been implemented. In addition, a population of dynamic route guided vehicles
(10% of al vehicles) are assumed to be configured to act as travel time probesin the network.
Every time a guided vehicle completes alink in the network, its experienced travel timeis
transmitted to the traffic management center.

7.7.2 Incident and Eme gency M anagement Systems (EM S)

Incidents by their definition do not appear in the average condition regional travel network. In
the simulation model incidents are introduced as part of the representative day scenarios. A
typical incident’ s location and duration is simulated and the simulation outputs are compared to a
incident free run.

When an incident management system is active, a 15% reduction in the duration of the incident
blockage is assumed within the simulation. The Houston Transtar project reports a 15%
reduction in blockage duration (Mitretek Systems, October 1997). In the base case the incident
management is presumed to exist along the I-5 facility and reflect the impact of video camera
coverage along 1-5. Thus, the reduction in incident duration is applied only to I-5 in the Baseline
aternative. In the ITS Rich and other build alternatives with ITS the surveillance and incident
management coverage is presumed to extend throughaout the system. Thus, in these alternatives,
the 15% reductionin incident duration is assumed to extend to all these areas compared to only
along I-5 in the base case.

7.7.3 Advanced Traveler Information Systems (ATIS)

Traveler information systems reduce the information gap between the perceived conditions of the
transportation system and the actud conditions of the system as it exists when the traveler is
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making travel decisions. The regional forecasting process typically presumes that travelers know
about the travel choices available and are making their decisions based on up to date and correct
information. Consequently, the regional travel system isill suited for the initial examination of
the impacts of ATIS. On the other hand the INTEGRATION simulation package has been
designed to address many of the ATIS functions. As described below the subarea simulation is
where the initial simulation of the ATIS elements is carried out. Results are then fed back to the
regional system to capture the travel pattern shifts that may be caused by these services. Asin the
ATMS analysis the elements of the ATIS work closely with one another and are bundled
together for andysis.

Basaline ATIS

The levels of ATIS capability modeled in the base case include background (no ATIS), advisory-
only en route traveler information, and advisory-only pre-trip traveler information.

Background. The modeling of background vehiclesis an important part of estimating the benefits
of ATIS user services. If these vehicles are routed extremely inefficiently then the underlying
congestion will be overstated and the benefits attributable to ITS overstated. Mitretek's approach
in modeling these vehicles follows techniques devel oped to establish as efficient an assignment
as possible for these vehicles in the expected case. Under the assumption of non-incident
conditions throughout the network, the paths of the background vehicles are determined using a
multi-path feedback routing strategy. This means that every three minutes, one subset of 20% of
all background vehicles are allowed to adjust their routes to the evolving network conditions
during the simulation run that represents the average or expected day. Thus, this adjustment
process reflects afamiliar driver's adjustment to the changes in network congestion that he/she
has experienced on arecurring basis at different points and times in the network.

Once a set of routing patterns are determined for the expected (no-incident) case, these patterns
are saved externaly. In al scenario casesrun in INTEGRATION, these patterns are followed by
the background vehicles even though there may be changes in travel demand or network capacity
that render their previous routings inefficient.

Advisory-Only En Route Traveler Information. The drivers of these vehicles represent
experienced travelers in the network who alter their regular routes in response to broadcast traffic
reports, public display devices such as variable message signs, or cdlular phone traffic
information systems. In all cases the information provided to the traveler is simply that
congestion exists at a point in the network and some qualitative description of the severity of the
delay (minor, moderate, major). The response model el for these travders to such information is
to modify the expected set of link travel times for the incident links by some gross measure and
choose new best routes (based on experience), which may include diversion around the incident
Site.

Advisory-Only Pre-Trip Traveler Information. This set of travelers are the pre-trip counterpats
to the en route information responders. These travelers may make the decision to change mode or
route prior to beginning their routes in response to information provided on network conditions
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viathe Internet, television, or tdephone-based systems. In all cases the information provided is
advisory-only, giving gross estimates of travel delay at geographic locations in the network. The
response of these travelersis modeled by adjusting the expected travel congestion patterns by
gross estimates of delay and allowing the travelers to alter mode and route choices at thetrip
start. Once the trip is underway no further alteration to mode or route is allowed.

Mode shifting is modded with the HOV SHIFT framework described in Section 7.4. In the base
case the HOVSHIFT and the INTEGRATION assignment are allowed to iterate to equilibrium
under expectedtravel demand and network capadty. The resultant time-variant modesplits
between single occupant and carpool vehicles represent baseline or expected conditions. Weather
or other effects may impact realized demand or capacity, however. In

aternative that provides multi-modal traveler information, travelers that have atrip planning user
service may make mode choices, based on predicted roadway trip times for their origin,
destination, and time of departure. Travelers without this user service make a mode choice based
solely on expected conditions.

ITSRich ATIS

Four information levels are modeled in the ITS Rich aternative with INTEGRATION:
background, advisory-only en route traveler information, personalized pre-trip planning, and
dynamic route guidance.

Background. These drivers are modeled identically to the base case.

Advisory-Only En Route Traveler Information. Thisinformation level is modeled using the same
procedures outlined for the base case except that the information provided from the augmented
surveillance system is more comprehensive.

Personalized Pre-Trip Planning. Travelers using this service aremodeled using the HOV SHIFT
framework. In contrast to the values supplied in the base case advisory-only service, highly
accurate link travel times throughout the network are made available to the mode choice model.
For example, in modding an incident in the base case, link delay might be estimated by simply
doubling the travel time on a particular link for the duration of the blockage. In the ITS Rich
case, measured delay on the incident link and all upstream facilities impacted by the incident are
updated in real time.

Dynamic Route Guidance. Vehicles equipped with this user service receive updates every five
minutes on network conditions. Vehicles receiving this information may reroute during the
simulation when faster paths are identified for origin-destination pairs. All route-guided vehicles
follow the fastes computed paths. The guided vehicles are also assumed to act as travel time
probes in the network.
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7.7.4 Advanced Public Transit Systems (APTYS)

Advanced Public Transit Systems (APTS) apply smart technologies to the transit operations,
management, and service to the passenger. The APTS elements and their assumed levels of
implementation are described in Section 6. There are two classes of APTS services that have
been incorporated into the analysis for the study. The Advanced Transit Management bundle of
services includes automatic vehicle locations systems and advanced routing and scheduling
programs, which lead to more efficient and reliabe transit service. Transit Priority systems also
lead to more reliable service and faster travel times.

Advanced Transit Management. Advanced transit management systems are designed to provide
more efficient and reliable transit service to the passenger by improving transit operations. For
example, automated vehicle location systems provide up-to-date information on where transit
vehicles are in the system and allow extra buses to be dispatched quickly as problems develop
and buses to be re-directed as platooning occurs. Transit management systems have been known
to improve on-time performance by as much as 23 percent and also reduce the number of pesk
pullouts needed to provide the route service (Mitretek Systems, October 1997).

The improvement in the reliability of service may be represented in the regional travel
forecasting process in two ways. First is the estimation of wait timesfor initial boardings and
transfer times. The formula for estimation of wait times when variation isservice occursis:

(h* + &)

2h
where:

tw= wat time
ft= scheduled headway
o= the standard deviation mn headway
(source Ortuzar & Willumsen, 1990)

In order to capture the benefits of more regular service, the standard deviation in srvice within
the transit service being modeled must first be measured. Then the change in standard deviation
caused by improving the reliability can be input and the resultant mode choice shift captured.
Second, the mode choice models can be re-estimated with atransit reliability variable included.
However, thisis a more ambitious task since it triesto take into account how people value the
reliability of service and was not attempted as part of this study.

The impact of transit management system implementation has been reported to be an increase of
from 1 to 2% in ridership across the system (FTA, 1996). When the above formula was applied
within the regiond model system using a20% change in on-time performance, the ridership
increased in the range of 12.5 to 13.5 %. Thislevel of increase was considered unreasonable It
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was concluded that the 20% in on-time performance reported should not be viewed as a 20%
change in the standard deviation and additional data collection must be carried out to estimate the
correct shift in standard deviation due to these services. Thus, while the formula and process are
deemed correct, they were not applied. Instead, a post-processing shift in transit mode share of
1% is applied to account for the impact of the advanced transit management systems.

Transit Priority. Seattle is currently planning to implement transit priority in at least two
corridors as part of the transportaion improvement program and Seattle SmartTrek. The specific
transit priority systems assumed for each alternativeare described in Section 6. Transit priority is
incorporated into the regional analysis by improving the running times of the transit vehicles as
they travel over the transit priority corridors.

To represent transit priority within the study, two levels of transit priority service were assumed.
The first assumes that the vehicles are operating in mixed flow and, while they have priority,
may still be caught in atraffic signal queue if it extends through several signal cycles. Based
upon field data and simulation runs used in the design of the transit priority system for Sezttle,
Parsons Brinckerhoff Quade & Dougdas (PBQD) has estimated a 30% savings in delays due to
signals for buses on transit priority linesin mixed flow. The second level assumes that the buses
can bypass the queues and congestion at the signals through an HOV lane or special bypass lanes
fortified and widened at each signal. This ability to bypass allows the travel time savings to
increase and therefore PBQD estimated 40% savings in delay per signal for the HOV with bus
bypass.

While these procedures have been described separately, al of the ITS elements are simulated at
one time in order to capture the comhined impacts (positive or negative) of the complete system.
The changesin ridership and other MOE' s are then compared to the costs of the alternative.

7.8 Cost Methodology and Assumptions

The representaion of the traditional and I TS elements and the process used to estimate their
travel impacts have now been discussed The other mgor element in an MIS or corridor study is
the estimation of costs for al aternatives on acomparable basis. This section provides the
general approach and assumptions used to estimate both the Capital and Operating and
Maintenance casts of both the traditional and ITS elements found in each alternative. In general,
the methods and assumptions used for the Case Study follow the cost estimation principles
outlined in the NTI Training Program for Major Investment Studies: MIS Desk Reference
(National Trangit Institute, Parsons Brinckerhoff Inc., 1996). K eeping with the approach
provided within the Desk Reference, the training course itself, and the I TS and costing issues
discussed in Section 3, the general cost estimating methodology assumptions which were used
are asfollows:
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7.8.1 General Assumptions/Comments

In general, the costs that were estimated for each alternative include the capital and operating
and maintenance costs which would be borne by the transportation provider net of those
included in the Do-Nothing/TSM base case. That is, the cost estimate for a build aternative
included only the incremental capital and operating and maintenance costs (or cost savings)
that differ from the Do-Nothing/TSM alternative. Total systemwide costs for the alternatives
were not developed. For example, the HOV/Busway alternatives (with and without ITS)
include the option of “Upgrading HOV Lanes on Freeway” where the capital cost is less than
adding anew HOV lane and the incremental maintenance cost is zero since this option assumes
the existence of ageneral purpose lane already being maintained. Exceptions to this case were
the transit capital and operations and maintenance costs, for which total costs for the Do-
Nothing/TSM baseline were calculated. These cal culations were made because transit costs for
alternatives that included I TS elements would be less than the baseline.

Thelevel of detal/accuracy for the cost estimatesis at a programming level. The focus was to
establish enough detail and accuracy to enable an unbiased comparison between alternatives
rather than to identify the absolute amount of money needed to fund the alternative. In
addition, these costs, particularly those for ITS components, reflect the prevailing conditions
and existing I TS treatments in the Seattle/Puget Sound area. Adjustments to these estimates
may be appropriate for application to other regions.

Costs were devel oped from the most recent sources available at the time of research (Spring
1997). For consistency, all costs are expressed in constant 1995 dollars. Where possible,
industry-specific indices were used for converting cost data expressed in other yeas' dollarsto
1995. Otherwise, the U. S. Bureau of Labor Statistics Consumer Price Urban Index for the
Seattle area was used to make the conversion to 1995 ddllars.

Regional sourcesfor cost data were used whereve practical. In cases where such regional data
were not available, national data sources were used.

Severa ITS elements are broader in scope than the -5 North Corridor limits. Examples
included traffic management, transit management, and incident management. For these
elements, only the proportionate share of system costs attributable to the corridor operations
was allocated to the cost estimate. Two methods for allocating costs were used. Where the
corridor aternative required expansion of an existing facility, capital and O& M costs for add-
ons such as a computer or part-time employee were estimated. For elements where no regional
system existed, thetotal system capitd and O& M cost was estimated and a prgportionate cost
was alocated to the corridor. The proportionate share in this case was generally determined by
comparing the corridor areato the regional area. It is also noted that incremental capital and
O&M cost estimates for ITS elements will vary by location. Each urban areawill be different
and the analyst must assess what infrastructure isin place in the region to support ITS
implementation in the study area or corridor. For example, the central Puget Sound region
already has alot of supporting ITS infrastructure in place so these estimates reflect costs added
at the margins to agreat degree. Other areas may have little if anything in place and it will be
more of achallenge deciding what isaregional investment versus a corridor investment.
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7.8.2 Capital Cost Assumptions/Comments

Capital cost items were established for whole facility components of aternatives where
practical. For example, arepresentative cost per mile was used as the unit of measurement for
estimating the capital cost of aroadway rather than developing and applying detailed unit
prices for each roadway construction element such as asphalt per ton.

Capital cost unit prices included the construction cost, along with an assumption for associated
costs for engineering, construction administration, and contingency. Right-of-way acquisition
costs were estimaed as separateitems.

Assumed percentages for engineering, construction administration, and contingencies were 15
percent, 15 percent and 25 percent of construction costs, respectively. Because there ae no
consistent, defensible sources of information suggesting different rates for different types of
capital improvements, the same rates were used for all improvements. These relatively high
rates reflect lack of definition for the improvements at the early planning stage and are
consistent with rates used for planning studies.

Where practical, prior capital cost estimates by others were utilized for improvements that are a
part of the alternatives. An example is the cost estimates developed for the Puget Sound HOV
Direct Access studies. Assumptions and background from prior capital cost estimates were
reviewed and ad ustments were made, where necessary, to make the estimates consistent with
the methodology used for other cost items for the Seattle ITS Case Study.

Economic life assumptions for capital cost items reflect consideration of the functional

obsol escence, the technological obsolescence, and the physical integrity of the facility.
Therefore, the assumed economic lives for all cost items were generally shorter than the
physical life for theitem. Thisis because the facility may have outlived its usefulness, require
major upgrades, or become technologically obsolete to the point that the item becomes
inefficient and/or incompatible.

Note that some of alternative' s components involve periodic refurbishment costs that do not
clearly fall into either the categories of initial capital costs or routine annual operations and
maintenance costs. Examples may include pavement overlays or equipment replacement that
occur only at periodic intervals. To the extent possible, these costs have been captured in the
capital rather than O& M cost estimates, either specifically in the capital cost amount or
implicitly in the assumed economic lifeof the component.

Each capital cost was annualized by determining what annual amount in constant 1995 dollas,
if paid over the number of yearsin the economic life, would in sum have a present values equal
to the capital cost when discounted using areal discount rate of seven percent. The selection of
aseven percent real discount rate was based on the current recommendation by the Office of
Management and Budget for public transportation projects with federal funding (FHWA and
FTA, 1996).
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7.8.30&M Cost Assumptions/Comments

Operations and maintenance costs estimates were estimated as the sum of routine annual
maintenance (e.g., parts, labor, maintenance services), regular annual operaions (e.g., energy,
labor), and other O& M activities expressed in an annualized amount. The amounts were scaled
to the applicable facility size.

O&M costs were estimated using one of two methods. For items in quantity where unit costing
made sense and planning level estimates were available from existing sources, unit O& M casts
were applied to the expected component quantities to yield the annual O&M costs. Given a
scarcity of unit cost information and the complexity of estimating incremental O& M costs for
some elements, other components' annual O& M costs were estimated as a percent of the
capital costs, based on experience in existing areas/applications. In these cases, an attempt was
made to differentiate in the percentage of capital cost used by element. For example, based on
WSDOT information O& M costs for highway facilities including roads and bridges are
typically estimated at 1.0 percent of capital costs. An investigation of recent bridge prgects
indicate that for structures alone, O&M costs are actually closer to 0.5 percent. Hence, the 0.5
percent factor was applied to estimate interchange O& M costs, since the majority of
interchange capital costs are due to structures. However, for the alternative in which lanes were
added to an existing bridge structure, the incremental O& M cost was estimated at only 0.25
percent of capital since a significant amount of O& M was already occurring for the existing
bridge.

Net transit operations and maintenance costs were estimated by developing a simplified model
using revenue hours of operation as the independent variable. King County Metro cost and
revenue hour data were used to derive the rate.

Highway facilities and fiber optic communications cable are both maintenance exampleswith
cost estimates on aper-unit (miles) basis. Similarly, thelabor involved in operating revershble
HOV lanes or movable barriers was also estimated on a per mile basis. The maintenance for an
in-bus AV transponder serves asan example of thepercent of capital cost method as part-
specific maintenance data for such items are not readily available.

A summary of cost items, units of measure, economic life, and data sourcesis provided in
Table 7-18. Key references for the cost data are listed at the end of the table

7.9 Cost of Alternatives

In Section 7.8, an overview of the cost methodol ogy and assumptions for estimating the
capital, operating and maintenance costs for each aternative was provided. All costs are
presented in constant 1995 dollars. The cost estimates include only those that would be borne
by the transportation provider net of those included in the Do-Nothing/TSM base case, and the
level of detail/accuracy for cost estimatesis at a programming level. This section summarizes
the results of the cost analysis. More detailed worksheets providing the
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Table 7-18. Capital / O& M Cost Assumptionsfor Case Study (multiple pages)

UNIT
ECOHOMIC
ITEM DESCRIPTION CAPITAL O&M LIFE DATA SOURCE
("EARS)
HIGHWAY TRAHSIT FACILITIES
SOV FACILITIES
. . . Capital-Build up based upon cost
. Conversion of unlimited access arterial . . E .
Expresswmay Corwversion . per mile per mile 20 components of typical project; Ot
to parial access contral; add 2 lanes L
Houston Division of T=DOT
Capital-Build up based upon cost
L A Widening of full access controlled . . components of typical project; validated
Limited A n'id | | 20
imited Acgess WIdening freamay; add 2 lanes permite permite using recent WEDOT estimate; O&M
Houston Division of T=DOT
zrade separated crossing with access Capital-Build up bazed upon cost
ramps connecting the crossing percent of components of typical project; validated
Intershange (full or half) raddways; diamond configuration; for per each capital cost =0 using recent W5SDOT estimate; O&ht
Expresswnay WSLOT modified per PB analysis
Capital- Build based t
Grade separated crossing of bwo roads Apital-Eu vp '?SE up::-n ?DE .
izrade Separated Crossin without ramp connections ; far er each percent of 30 componerts of typical project, validated
P d Eomiressia P ' P capital cost using recent WSDOT estimate; O&M
* ¥ W SDOT modified per PB analysis
HOWTRANSIT FACIUTIES
Capital-Build up based upon cost
Add barrier separated HOW lanes to . . components of typical project; validated
New HOW Lanes on Freauay exizting freamway per mile per mile =0 using recent W5DOT estimate; O&M
WSDOT modified per PB analysis
- . Capital-Build up based upon cost
u d ting HOW | to b
Upgrade HOW Lanes on F reemway parace SxEtng anes o harmsr per mile 20 components of typical project; Ot
separated lanes on a freanway o
Incremental costs assumed negligible
Capital-Build up bazed upon cost
. Add HOW lanes to deck- truss bridgefno percent of components of typical project; validated
New HOW Lanes on Deck-Truss Bridge barrier or buffer separation per fact capital cost =t using recentWrSDOT estim ate; O&ht
WEDOT modified per PB analysis
Capital-Build up based upon cost
Add HOW | t i
Mew HOW Lanes on Expressway . anes to mpre_sswa'g,r ne per mile per mile 20 components of typical project; OZht
barrier ar buffer separation o
Houston Drivision of T«DOT
Mew HOW Contra-F lowe Reversible Lane [Add HOW mowveable barrier-separated . . Eapltal-.ﬁ..dapted from prior F.5. HDU .
on Fresi ar Exoress Lanas lane per mile per mile 20 study estimates; 084 - Houston Division
o of T=DOT/San Diego Coronadoe BHridge
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Table 7-18. Capital / O& M Cost Assumptionsfor Case Study (multiple pages)

ITEM

DESCRIPTION

LINIT

CAPITAL

O&m

ECONOMIC
LIFE
(WEARS)

DATA SOURCE

HIGHWAY TRAHSIT FACIL

Add HOWransit lanes to an existing

ITIES

Capital-Build up based upon cost

Arterial Transit Laness T Dire ctiore arterial par mile par mile 20 components of typical project; OZhd -
Houston Division of T=DOT
Capital-Adapted from prier P.5. HOW
Arterial Transit Lanes/Reversible One center reversible lane per mile per mile 20 study estimates; 08 - Houston Division
of T=DOTITTI
Capital-Adapted fr jor P.S. HOW
HOW Drirect AccessfLocal Half Crirect ramps behtween express lanes apita . apte . = prist .
R ible O d Iooal strest per each per each jin} study estimates; O&d-Houston Division of
eversible Drop and local stre TDOTITTI
. . Capital-Adapted from prier P.5. HOW
Drirect bt dian f nt of
HOW Direct AccessiLocal Half Drop [2et [AMp= DEANEEN MECIANTEENAT | pereach | PEEEM T 20 study estimates; OSM-WSDOT modified
HOW lanes and local street capital cost .
par PH estimates
. . Capital-Adapted from prier P.5. HOW
Direct bt dian f nt of
HOW Direct Access/Local Full Texas T |- oo o pe DEWUEEN MEGANTIREWAT | o ageh | PEEME 20 study estimates; DEM-AWEDOT modified
HOW lanes and local street capital cost .
per PH estimates
HOW Direct AccessfLocal Half Drop to [Direct ramps bebueen outside general per at-grade Capltal-ﬁ.dapted.fr-:-m prior F.5. HOW
Dutsid i | 4 1ol stre et per each i 30 study estimates; O&d-Based on Houston
utside purpose freamay lanes and local stre ramp mile Division of T<b 0T figures
Crirect ramps between median HOW + 4 Capital-Adapted from prier P.5. HOW
HOW Drirect Accessflocal Full In-Line  [lanes and in-line station ww pedestrian per each pera -gra. & jin} study estimates; 0&d-Based on H ouston
. ramp mile Lo )
lirk Ciwvigion of TwDOT figures
Crirect ramps between fresmays toffrom it of Capital-Adapted from prior P.5. HOW
HOW Drirect Access/Fwne-to- Fuoy one direction and anather (e.g. between per each per.l:el N t =0 study estim ates; OZM-WSDOT modified
capital cos

2ast and north)

per PH ectimates
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Table 7-18. Capital / O& M Cost Assumptionsfor Case Study (multiple pages)

ITEM

DESCRIPTION

UHIT

CAPITAL

O&mM

ECONOMIC
LIFE
(WEARS)

DATA SOURCE

HIGHWAY TRAHSIT FACIL

ITIES

HOW Crirect AuccessSFun-to- Fuey

Crirect reversible ramp between median

Capital-Adapted from prier P.5. HOW

. per each per each 30 study estimates; Q&AW S0OT/Hauston
Fewersible HOW lanes and express lanes Diwision of TeDOTTTI
. I . . . Capital-Aweraged from WSDOT
Parking faeil luding bus ¥ t 1k
Fark and Ride Lat aring ac”h'rmcl.'l ng bu= arel perpaning per 100 stalls 20 examples; O&hBased on Houstan
shelter and pedestrian enhancements stall o !
Crivision of T=DOT figures
. . per thous and . . . )
T it Bus - 90 foot D | or B0 foot Capital-King C Ihdetro; OEht1
r.ans LE " tes el ar oe Standard intracity transitbus per wehicla reven e 12 apital-King € ourty " na
Lriesel Articulated : Coauntyihdetra
wehicle hours
Transit Bus - 60 foot Doal Power Special bus for use in downtown Seattle . per thouzand Capital-King C-:-u_nt;,r."h.ﬂetr-:-; .I:I&h.ﬂ-based
Articul atad transit tunnel per wehicle revenue 12 upon annual vehicle hours times cost per
vehicle hours wehicle hour
RIGHT- OF-r Ay
Right-ofamay acquisition costs along
Fan Adjac entto Arterial expressways and arterials in north par acre (Mot Applicablg 100 Capital-Input from WESDOT; OEhd-MA
Seatfle
. Right-of-wmay acquisition costs along . . 5
A Adjacentto Freeamay i ) th Sest per acre (Mot Applicablg 100 Capital-Input from WESD OT; OEhd-MA
e andys in nor eattle
R Takes/r amages Typical extra costto cover relocations per parcel  |Mot Applicabls 100 Capital-Input from WSO T; O&h-HA

andfor damages
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Table 7-18. Capital / O& M Cost Assumptionsfor Case Study (multiple pages)

UNIT
ECOHOMIC
ITEM DESCRIPTION CAPITAL O&m LIFE DATA SOURCE
("EARS)
ITS/TRAFFIC SYSTEMS
SURWEILLANC E
. In-pavement loops and cables to . . Capital-Build up based upon cost
Detection Loops nearest contraller. per mile per mile 10 components of typical projects; O&MTTI
Closed Circuit TV Camera ;“;'L’:ZZ’ traffic operations along State's | ok per each 10 Capita-WsDOT; Ot TTI
. . Foadside equipment to identify bus,
Autom atic Wehicle . . . . . . .
I dertification/R oadside Equipment ch.ed.c schedul.e al.'u:l provide trars it persignal persignal 10 Capital- King C ounty'hdetro; O&MTTI
priority at traffic signal
Field differential PS5 =stationany site to
Automatic Wehicle LocationdFizld provide fi<ed location information to it percent of 0 Capital-Denver Regional Transit District;
Equipment compens ate for topography and persite capital cost O&eht estim ated
buildings
nt of
D ata Station Support detection zystem pereach | PECEME 10 Capita-WESDOT, D&M TTI
capital cost
TRAWELER INFORMATION
Wariable Message Signs WS on owerhead structures per each per each 10 Capital-WSDhOT; Ot TTI
Highway Advisory Radio site located at
Fixed HAR & Controllers strategic locations as a part of traffic per each per each 10 Capital-WwS0OT, Ok TTI
management system
Kiosk Located at transit centers per each per each 10 Capital- King C ounty’hetro; O&MTTI
COmMLINICATION
. . For extended freeway surveillanc e . . .
Fiber-Optic: C able per mile per mile 10 Capital-W'SDOT, O TTI
systems
Fiber-Optic Hubs Interchange fiber-optic lines per each per each 10 Capital-WSDOT; Ot TTI
. . For extended adaptive traffic contral . . )
Tuvisted Pair systems per mile per mile 10 Capital-W'sDOT, Ot TTI
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Table 7-18. Capital / O& M Cost Assumptionsfor Case Study (multiple pages)

UNIT
ECONOMIC
ITEM DESCRIPTION CAPITAL O&mM LIFE DATA SOURCE
(YEARS)
ITS TRAFFIC SYSTEMS
TRAFFIC CONTROL
Coordinatedf/@daptive Signal System - |Replace existing controllers and Capital-Buildup based upon cost
Local Cantraller cabinets at major intersections per controller| per controller 10 components of typical projects; O&h TTI
CoordinatediAdaptive Signal System - . Capital-Buildup based upon cost
baster Contraller Tie local controllers to the system per controller [ per controller 10 componerts of typical projects; D& TTI
Eamp hletering Freanay entrance ramp metering per each per each 10 Capital-wS0aT; O&ht TTI
TEAFFIC hANASEMENT
Far adaplive signal system and . . .
Capital and O&ht N at| I Archite ot
Computers & Hardware additional freeway system management| per each per each 5 S:ul:ll::i::s an FHenatl Arehitecture
where applicable
Sofhmare (warious) For adaplive zignal system per each per each 5 E:UI?::?:IS and D&M Natienal Archite cture
For link to adaptive traffi ritr ol
Communicatiors Extension S;:t;:n;ge " adaptive tramz contre per mile per mile 10 Capital-WrSDOT, OFht TTI
TEAMSIT MANAGEMENT
Caomputer system to receive and
process &AWL polling data from buses . . Lo
. . percent of Capital-Dermver Regional Transit District:
Computers & Hardware for 2L System|and provide location, schedule er aach R 10 ' . .
P b adheI:ence and inciden ce information to P capital cost O&htM ational Architecture Studies
dispatchers
Saftare for AL Contraller and percent of Capital-Derer Regional Transit Cistrict:
5 ot h 10
e Dis patch Statiors PET2ASN | capital cost D20t N ational Architecture Studies
Radio communicatiors to receive AWL . . o
F acilitiez and C ommunications data, and disp atch stations including per each per.cent o 10 EapltaI-DfamrerHEg!nnalTransrt.D|5tr|c't.
CRT= and microcomp uters capital cost O&ht N gtional Architecture Studies
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Table 7-18. Capital / O& M Cost Assumptionsfor Case Study (multiple pages)

UNIT
ECONOMIC]
IMEM DESCRIPTION CAPITAL 0&M LIFE DATA SOURCE
(YEARS)
ITSTRAFFIC SYSTEMS
TRAMSIT VEHICLE INTERFACES
Transponder device lozated on buses . . .
t of Capitat King C fhletro; Ot Nat |
In-wehicle Transponder for AW used to identify bus at roadside readers per bus per.cen y 10 P .a na DUI.-'W Ehre ahena
. L capital cost Architecture Studies
at for signal priority treatment
AVLon-board equipment far . ) A
In-wehicle AWL Equipment establizhing wehicle location, asses=ing per bus per bus 10 E;‘ﬂa_l[-_r[:emer Regional Transit D istrict:
schedule status, and interfacing with
IMCIDEMNT hdf A% EMENT
Centraltracking systemésothware and . .
t of CapitabSOT: OEh-N at |
Central Tracking/Dispatch hayd ay sofhwara’iz |5 integration; per each per.cen y 10 ap.a . tona
. capital cost Architecture Studies
dispatch system.
. . Capital Rodinell Path haster system plus
In-wehicle Dynamic R oute Guidance Fl:-rtra-.:klng system and rl:-ut? gl..lll:lance per each per.cent of 10 add- on items; Ofht National Architecture
to provide faster rezsponse to incidents capital cost .
Studies
USER DISBENEFITS
Inter active fixed-end trip planning Mot
Fre-Trip Planning S ervices senrice; 10% of trawelers; no capital _':' |:u=_rr . Capitak NA; O&ht Mitretek aszumption
. Applicable | subscription
cost beyond baseline
In-wehicle equipment costs include . . . .
Capital Mat | Architecture Studies ;
Ferzonal ynamic Route Guidance PS5, map databas e, communic ations per dewice petr . ¥ apna . atenal Are ..! Hre studiss
. . subscription Ot Mitrete azsumption
transceirer, processaor, Ul and display

REFEREMCES:

TransCore Interim Handbook on ITS W ithin the Transportation Planning Process, TransCore (formerly JHEK & Associates), December 1995, Appendix E.
WEDO T TSMC 5C & D OperationsfImplemerntation Plan, W SHOT, October 1994,
TTI- Guidelines for Funding Operations and Maintenance of ITSPATMS, Texas Transportation Institute, Movember 1995,
MNational Archite cture Studies TS Architecture Cost Analysis, Federal Higho ay Adminis tration/Joint Architectore Team, June 1995,
King County/hdetra- King County trans it aperator, 0an Owerguard’D avid Cantayhlice Waoris, hay 1997,
Lerver B TD-Denver Regional Transit District, Lou Ha, June 1997,

Houston Division of T=D 3T - Estimates prowided for the Katy Highway MIS
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estimated cost of each component of an alternative are included in the Appendix B. The
alternatives were described in Chapter 6. In this section, cost differences among alternatives
are highlighted and explained by comparing the differencesin capital improvements and
operating strategies associated with the different alternatives. First, however,
recommendations regarding how these costs should and should not be used are offered.

7.9.1 Use of Cost Estimates.

The cost estimates provided in this case study have been developed to illustrate how ITS
could be considered in the transportation planning process. They are not, however, meant to
represent the costs of actual alternatives beng considered in the Seattle area The approach to
this study wasto baseit in reality by conducting a case study of an actual metropolitan area
(i.e. Sedttle), rather than rely a on a hypothetical transportation network. It isimportant to
keep in mind, however, that while thebaseline network is based in reality, many of the items
included in the alternatives considered are improvements that have not been, and will likely
not be, seriously considered in the region. For example the Busway/HOV Alternativein this
case study assumes barrier-separated HOV lanes on 1-5 from downtown Seattle to SR-526
and barrier-separated HOV lanes on parts of SR-99, including the Aurora Bridge. WSDOT’s
long-range HOV plan calls for freeway HOV lanes on the north corridor of 1-5 to Everett, but
it does not currently call for barrier separated freeway HOV lanes. Aswill be desaribed in
more detail, reconfiguring and building -5 HOV lanes so that they are barrier separated
represents a significant portion of the total Busway/HOV Alternative cost. Additionally, this
case study is not intended to provide ameans for comparing costs of general SOV capacity
improvements to general HOV capecity improvements in the Seattle region. Thisis
particularly important since, in this case study, capital improvementsin the HOV/Busway
Alternative were made to approximately 60 miles of roadway on four facilities, while in the
SOV Capacity Expansion Alternative, capital improvements were made to only about 17
miles of roadway on two facilities. And as was described previously, many of the
improvements included in these alternatives are not being seriously considered by the region
as viable options. Nevertheless, this analysis does provide a good example of how ITS can be
included in an MIS planning process—which is the objective of this study.

7.9.2 Total Capital Costs

Capital cost estimates for each of the alternatives are summarized in Table 7-19. They
include construction costs as well as an assumption for associated costs such as engineering,
construction administration, and contingency. The cost for right-of-way acquisition was
estimated as a separate cost item. The cost estimates for each of the build alternatives include
only those elements which differ from the Baseline Alternative. ITS Rich Alternative: As
described in Chapter 6, the ITS Rich Alternative consists of an aggressive implementation of
ITS strategies in the North Corridor and includes traffic management and surveillance, and
incident and emergency management strategies. It is estimated that the ITS Rich Alternative
would cost about $33 million beyond those committed projects which have been included in
the Baseline Alternative. Note that in this alternative, the costs for HOV /transit facilities and
services are expected to decrease by about $4.8 million relative to the Baseline Alternative.
Costs for HOV /transit facilities dearease becausein this alternativethe transit systemis
operating more efficiently. Therefore, fewer new buses are required to maintain the service
levels represented in the Baseline Alternative. Thisis arelatively low cost alternativein
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Table 7-19. Incremental Capital Cost Estimates by Alternative - North Seattle Case Study

lnvesin enf
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HOY Busway +1ITS

Cafeqgaory Tafzl C apifa! Cosf Tafa!C apifa! Cosf Tafa! C apifa! Cosf Tafa! C apifa! Cosf Tafa! C apifal Cosf
[~ | 0w FACILITIES - Fz46 108K Fid46 108K - -
5 HOWTR ANSIT FAC /5 ERWICES [(Fd 765 K] (F2O0K) [(F6.080 KD FIT2 036K FPET FTEK
% RIGHT- OF-ulf Ay - FO0 GO0 K FO0 600K FOG 010K FOG 010 K
— SURWEILLANCE B3 589K - F9 466 K - F8 599K
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5 COmhU NICATION F11 120K FII0K F14 296 K FII0K F11180 K
W TRAFFIC COMTROL FOTTOK - FO 058K - FOTTOK
E TRAFFIC MAMAGEMEMNT FO35K - F1173K - FO35K
E TRANSIT WMAHAGEMENT FOS0K - FOS0K - FOS0K
E TRANSIT WEHICLE INTERFACES FTA22K - FTEGOK - 211K
= IHCIDENT MANAGEMENT 16K - FO16K - FH16K
Tatal Capital Costs* FEZ051K FEI6 748K FITI 804K FE6E 3ITEHK FODZ 626K
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comparison to the two more capital-intensive infrastructure aternatives—the SOV Capacity
Expansion and the HOV/Busway Alternatives. Relatively high cost elements of the ITS Rich
Alternative include the following:

. Communication system ($11M)
. Surveillance system ($8.6M)
. Transit vehicle interface ($8M)

. Traffic contrd ($6M)

SOV Capacity Expansion Alternative: The SOV Capacity Expansion Alternative provides for the
conversion of SR-99 north of N 59" Street to an expressway for a distance of 14 miles. The total
incremental capital cost of the SOV Capacity Expansion Alternative is estimated at $337 million
beyond the Baseline Alternative, including over $90 million for right-of-way acquisition.
However, the costs for HOV /transit facilities and services are expected to decrease by about $0.3
million relative to the Baseline Alternative. Costs for HOV/transit facilities decrease because the
transit system is operating more efficiently on SR-99 so fewer new articul ated buses are required.
This alternative a so includes the widening of a 3 mile section of SR 525 between SR-99 and I-5.
High cost construction elements of the SOV alternative include the following:

» Conversion of 14 miles of urban arterial to urban expressway ($86M)
» Construction of ninenew urban expressway interchanges ($96M)

» Construction of new grade separated arterial crossings of the expressway at nine locations
($44M)

SOV Capacity Expansion Plus I TS Alternative: The capitd cost estimated for the SOV Capacity
Expansion Alternative Plus I TS is $374 million. This alternative includes about $37.1 million for
implementation of ITS elements similar to the ITS Rich but designed to complement the SOV
Capacity Expansion. The level of investment in communications and traffic management for the
SOV Capacity Expansion Alternative is slightly higher than that associated with the ITS Rich
Alternative since the SOV Capacity Expansion includes additional roadway that would require
some additional ITS costs. In this aternative, the costs for HOV /transit facilities and services are
expected to decrease by about $6 million relative to the Baseline Altemative, for the same
reasons that these costs decrease in the ITS Rich Alternative.

HOV/Busway Alternative: The HOV/Busway Alternative includes a continuous, barrier-
separated HOV lane on 1-5 from downtown Seattle to SR-526 in South Everett by year 2020
(about 25 miles). It also includes implementation of barrier-separated HOV lanes on SR-526 and
SR-99 (from downtown Seattle to N 59" St), 14 miles of arterial HOV lanes on SR-99 extending
north from N 59th St, a freeway-to-freeway HOV connector and various direct
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access ramps. This alternative dso includes trangt improvements, induding atransit lane on SR-
522; the addition of several new regional express bus routes with frequent service; and
construction of several park-and-ride lots. The construction and modification of HOV lanes
along SR-99 (about 18 miles) represents the most significant cost in this alternative. Costs for
widening the SR-99 bridge alone are estimated at about $47 million; estimates for implementing
barrier separated HOV lanes on SR-99 from downtown to N 59" Street are about $29 million;
and 14 miles of new arterial HOV lanes along SR-99 is expected to cost more than $102 million.
In addition, the upgrading of 15 miles of HOV lanes on I-5 so that they are barrier separated
increases the cost estimate for this alternative by about $114 million since each HOV lane
requires its own 10 foot shoulder inside the barrier.

This alternative is a comprehensive package of improvements affecting over 60 miles of HOV
lanes on I-5, SR-99, SR-522, and SR-526. The incremental cost of the HOV/Busway Alternative
relative to the Baseline Alternative is estimated at $868 million, which makes it the most costly
aternative. In this case study capital improvementsin the HOV/Busway Alternative were made
to over 60 miles of roadway on four facilities, while in the SOV Capacity Expansion Alternative
capital improvements were made to about 17 miles of roadway on only two facilities. Therefore,
these case study estimates should not be used to compare general SOV cagpacity improvements to
general HOV capacity improvements.

High cost construction elements of the HOV/Busway alternative include the following:
» Construction of 25 miles of new arterial transit lanes, two directions ($183M)
» Upgrade of 15 miles of paint-stripe separated HOV lanes to barrier-separated lanes, two
directions, which require an additional 10 feet of right-of-way in each direction inside the
barrier ($114M)

e Construction of 9 miles of new freeway barrier-separated HOV lane, two directions ($79
M)

* Modification of the I-5/1-405 interchange to accommodate direct freeway-to-freeway
HOV connector ramps ($71M)

» Construction of two*“Texas-T” interchanges for direct access into the HOV lanes ($62M)
» Construction of four miles of barrier-separated HOV contra-flow lane on the I-5 Express
Lane Roadway beween the University District and downtown Seattle, induding a transit-

only ramp accesdng the lane from NE 42nd Street ($57M)

* Widening of the quarter-mile long Aurora Bridge on SR-99 for the addition of HOV lanes
in both directions ($47M)
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Other high cost estimate itemsinclude $48M for an additional 119 new transit vehicles necessary
for provision of the increased transit service proposed. Note that right-of-way costs that have
been estimated for the two capital-intensive aternatives did not differ significantly. It might
seem counterintuitive that right-of-way costs for the SOV Capacity Expansion and HOV/Busway
Capacity Expansion Alternatives were about the same since the HOV/Busway Alternative
included improvements to many more lane miles than the SOV Alternative. Thereason for this
similarity isthat the SOV Capacity Expansion alternative required about three times as much
right-of-way on SR-99 than the HOV/Busway alternative required on SR-99. In addition,
because SR-99 is more devel oped than I-5, right-of-way costs on SR-99 are expected to be
higher than right-of-way costs on I-5.

HOV/Busway Plus ITS Alternative: This alternative includes the HOV/Busway Alternative plus
essentially the same communications and traffic management investments presented in the ITS
Rich Alternative. The communication element is comparable in cost to the ITS Rich Alternative
with adlightly higher investment in the transit vehicle interface component. Note that the
HOV/transit facilities and services cost in this alternative is about $4 million less than the
corresponding cost in the HOV/Busway alternative. These costs are reduced because in the
HOV/Busway Plus ITSAlternative fewer new buses arerequired due to the transit

operating efficiencies created by the ITS improvements. Overall, however, the additional
investment in ITS elements for the HOV/Busway Plus I TS Alternative would cost an estimated
$34 million dollars more than the HOV/Busway Alternative.

7.9.3 Annualized Capital Costsand Annual Operating and Maintenance Cost Estimates

Estimated annualized capital costs and annual operating and maintenance costs are shown in
Table 7-20. All costs are the incremental costs relative to the No Action/TSM Baseline
Alternative. The annualized capital costs take into account the expected life of the various capital
components of each alternative. A seven percent discount rate was used to reflect the cost of
capital.

The estimated annualized capital cost of the ITS Rich Alternative is about $4.8 million per year
relative to the Baseline Alternative. The two more capital-intensive alternatives — the SOV
Capacity Expansion and the HOV/Busway Alternatives—have estimated annualized capital costs
of $27.5 million and $78.1 million, respectively. When the complementary ITS elements are
added to these alternatives, the additional annualized capital cost for the SOV Capacity
Expansion Plus ITSis estimated at $5.5 million and for the HOV/Busway Alternative Plus TS,
$5 million.

Relatively speaking, the operating and maintenance costs are not anticipated as alarge cost factor
for the ITS Rich Alternative. The ITS Rich Alternativeis expected to actually reduce transit
operating costs relative to the No Action/TSM Baseline dternative by about $2.6 million due to
the increased ficiencies of transit run times resulting from the ITSstrategies. The investment in
ITS/Traffic Systems would add about $3.3 million in O&M costs relative to the Baseline. The
net impact of the ITS Rich Alternative on O&M costs relative to the Baseline Alternative is an
additional $704,000.
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Table 7-20 Annualized Incremental Capital, Operations & Maintenance Cost Estimates - North Seattle Case Study

inveshnont iTS Rich SOV Capaciy Increase | SOV Capacity Inc_+ TS +
—Categary Capfal &M Capital |  O&M Capital | O8N Ca%_w
SOV FACILITIES - — | $21,0961 FAG4K | 21, 096K Fa64K - - - -
HOVITRAMEIT FACJISERVICES (REOTED (32, B00K) (BIEK) BB (RTBAKD  (B4,593K) | §71,3058K0 §38,092k | §70 769K §34 255K
RIGHT-0F-WAY - —| ¥6,349K —| 96,343K —| %6,TZ29K — | §6,729K -
SURVEILLAMCE 1, 224K 4401 - - ¥1.347K F470K - - 1,224k 4401
TRAVELER INFORMATICON F296K F407K - - FA2MK FaB0K - - F296K F407K
COMMUMCATION £1,592K BT F4TK —| %2036k 104k F4TK - $1,892K FT1K
TRAFFIC CONTROL Fo21k F170K - - FOE3K $183kK - - Fo21k F170K
TRAFFIC MAMNAGEMENT F217K F217K - - F272K0 0 $1.021K - - F217K F217K
TRAMESIT MAMAGEMENT $1341 F123K - - $1341 F123K - - $1341 F123K
TRAMSIT VEHICLE INTERFACES  §1.095K  §1,245K - —| $1.092K §1,242K - = §1.240K  F1,419K
[MCIDEMT MAMNAGEMEMNT FaTK 32K - - FaTK 32K - - FaTK 32K
Total Annual Incremental Costs® T4, 866K BTO4K [ 527 456K §1,0249K | §32,933K FA0TK | $78,081k §39,092K | $83, 110k §37 735K

* Relative to Basaiing

7-92



Similarly, O&M costs ae not expected to be alarge factor for the SOV Capacity
Expansion Alternaive; theincrease in O& M costs over the Baseline Altemative is
estimated at about $1 million, which is associated with the additional lanes of SOV
capacity. The SOV Capacity Expansion Plus ITSis estimated to reduce transit operating
costs by $4.6 million. However, additional ITS O&M costs are incurred because of the
additional lanes of SOV capacity. The net result is that the SOV Capacity Expansion Plus
ITS has estimated incremental O& M costs over the Baseline Alternative of $101,000.

Incremental O& M costs for the HOV/Busway Alternative are estimated at over $39
million. Thisincludes the additional O& M costs associated with roadway widening,
construction of direct access ramps, and additional park and ride lots. Not surprisingly,
the largest contributor to the incremental O&M costs is the additional transit operating
and maintenance costs relative to the Baseline Alternative, which are adirect result of the
increase in transit routes, runs and associated fleet size. The HOV/Busway Alternative
Plus ITS would have estimated incremental O&M costs relative to the Baseline of $37.8
million. Thisis slightly lower than the incremental costs of the HOV/Busway Alternative
since this aternative has lower transit operating costs due to increased transit system
efficiencies.
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8. Process Validation

Validation of the travel analysis process is an important step in any Major Investment Study
(MIS) since it is used to verify that: (1) the transportation supply is being correctly
represented within the simulation networks and models (links, travel times and costs, of
getting from origin to destination for each mode); and (2) the resultant forecast use of the
system is reasonable (mode share, link volumes, transit boardings, alightings, and loads). If
these can be shown to match observed data on system performance and facility use, then it
can be presumed that the models are representing the traveler’s response to system
conditions within reason. Again, the MIS process is typically carried out using regional
network models and the traditional four-step travel forecasting process. Validation is as, or
more, important when conducting an MIS that includes a sub-area simulation since these
simulation models require data at higher levels of detail and accuracy. Simulation models
also add the complexity of dealing with the time variation of conditions.

Using 1990 conditions, a validation of both the regional travel forecasts and the sub-area
simulation was carried out for the case study. At the regional level, the regional travel
forecasting model and data sets for 1990 in EMME/2 format were obtained from Puget
Sound Regional Council (PSRC). The enhancements described in Section 7 were
implemented and new model runs were then made. The results were validated to the original
PSRC 1990 model outputs. For use at the sub-area level, 1990 networks and travel demand
data sets in INTEGRATION format were derived from the regional forecasting system.
Additional information on the time variation of flows and congestion build up was then
collected, and the simulation was adjusted to reflect both the ebb and flow of traffic entering
the system. This was done along each major route and the shift in use of facilities across the
simulation period was accounted for. Each validation effort is explained below.

8.1 EMME/2 Regional Model Validation

The initial EMME/2 regional model, networks, and data were obtained from PSRC, and
acted as a starting point for developing the case study analysis process. The EMME/2
network coding and other elements were modified as described in Section 7. The regional
model validation was then carried out for 1990 to make sure that the enhancements made to
the system did not introduce any undue sensitivities or unexplainable results. Since the goal
of the case study was not to develop a new regional model system it was presumed that the
PSRC 1990 model was validated within acceptable limits. Therefore, a revalidation of the
PSRC 1990 model was not conducted. The case study regional model validation, therefore:
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Figure 8-5. System Variability Calibration, Southbound I-5, Alderwood Mall to Mercer Street
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runs over the 30 representative day scenarios (described in Section 7.6). In Figure 2.9,
results from the analysis of the Baseline alternative are presented. For this analysis, four full
AM peak simulation runs were conducted for each representative day scenario under
different random seeds. From these 120 simulated days, average and percentile travel times
can be calculated in a like fashion to the analysis conducted on the Sidewalk calibration
data. In the case of the representative day scenarios, each scenario’s contribution is non-
uniformly weighted in contrast to the calibration data which weights each observed day
equally. Figure 8-5 illustrates that the variability seen in the calibration data and in the
simulated data are quite similar. The calibration target data is again presented as in Figure 8-
4 as the solid line with solid data symbols. Average travel time in the simulated data rises
from 17 minutes to 25 minutes, peaking in the 7:00-7:30 AM period, then drops off to 19
minutes by the end of the AM peak period. Congested travel times at the 90" percentile
peak at 31 minutes, while uncongested travel times range between 16-17 minutes. One may
observe that simulated travel times in the 8:00-8:30 AM period is 1.5-2.5 minutes higher
than the calibration data, and that the 90™ percentile simulated data is lower in the early
peak 7:00-7:30 AM period. Esecially for the 90™ percentile, travel times here are strongly
influenced by the timing and position of incidents along the I-5 freeway. This observation
likely indicates that the incident profiles from 1993-94 had an increased number, or more
serious, accidents on the freeway later in the peak period than those occurring over the
calibration data period, 1997-98.
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» Used the PSRC 1990 estimated travel demand as a base for comparison focusing on

24 hour screen line volumes, sector-to-sector travel patterns, mode shares, and
corridor travel times.

Performed comparison to the same scale that was used in the PSRC validation
process (Technical Report MTP-12, PSRC, September 1994).

Used information on 24 hour screen line counts, other volumes, and U.S. Census
Journey-to-Work data for validation checks.

The detailed validation analyses were carried out by the local subcontractor, PBQD, for

the case study. Several iterations were performed and the final results provided in “ITS Case
Study Final Model Validation Results: December 23, 1996” (PBQD, 1996). The following
checks were made throughout the validation process:

Point-to-point travel time comparisons from major origins/destination within the
study area to/from the region. Travel times only varied slightly and stayed within 1
minute of the original model results.

Hour screenline volume comparisons between the original model and actual ground
counts. The screenline volumes within the study area varied by no more than 2%. All
screenlines capturing North-South movement along the corridor are within 10% of
observed 1990 counts.

AM Peak period transit volumes at selected screenlines (East-West movements
crossing Lake Washington, North-South movements crossing the Seattle Ship Canal,
and North-South movements at N. 185" street). These transit volumes remained very
close to the original model results with the largest change of -300 out of 22,915
transit trips occurring at the Ship Channel.

Sector-to-sector Home Based Work Transit Mode Shares. These values were
compared both with the original model results and to the 1990 Census Journey-to-
Work data. The within-study-area mode splits to the CBD remained unchanged. The
models tended to predict a slightly higher transit mode share than reported in the
Journey-to-Work data. This result is reasonable given the difference in trip definition
between the Journey-to-Work data and Home Based Work trips (Journey-to-Work
also includes trips with additional stops while going to work, while pure Home Based
Work trips include only direct home-to-work travelers).

Sector-to-sector Daily Transit Trips. The sector-to-sector daily transit trips result
from two factors: (1) the change in trip distribution, and (2) the change in mode
share. Overall transit trips remained the same between the two model systems. On a
sector basis the trips did vary as a result of the shift in trip distribution while mode
share remained relatively constant.
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*  Sector-to-sector Daily Total Person Trips. Trip distribution takes into account both
congested travel time (for work trips) and uncongested time (for other trips) in the
network. Sector-to-sector trip differences were mostly within 1-2% with some smaller
absolute interchanges shifting slightly more (no interchange shifted more than 6%).
Due to the more detailed coding and ramp volume delay functions there was a slight
reduction of trips from the Study Corridor to the CBD and areas south and an increase
to the areas east of Lake Washington.

It was concluded that, while the additional network coding shifted volumes slightly, no major
changes in travel demand were introduced with the enhanced system. In some instances the
match to ground counts resulting from the detailed coding actually improved as routes were
more realistically represented. In general, the modified system performed at the same level of
accuracy as the original model with similar results.

8.2 INTEGRATION Sub-Area Simulation Model Validation

Once the regional model system had been validated, networks and demand data were
generated for the sub-area simulation from the EMME/2 network database and static trip
table. At this point a second calibration effort was carried out for the simulation subarea.
Unlike a typical simulation calibration effort, the process in the Seattle case was constrained
by two data sets. First, the simulation should preserve as much as possible the flavor of the
regional EMME/2 model (in terms of O-D trip patterns and network geometry). Second, the
simulation should also generate dynamic speed and volume estimates consistent with
observed data where such data are available.

A validation effort compared against the steady-state regional model flows and travel times
does not allow for an examination of time dynamic effects in the simulation sub-area. Since
the travel simulation captures the time variant and operational aspects of the transportation
system performance within the simulation sub-area, observed data must be available that
provide measures of network performance throughout the peak period. To exclude a
constraint for consistency with the regional model is also problematic, particularly with
regard to feedback between the two models. This approach differs from a typical simulation
validation effort which would begin with the derivation of a new O-D trip pattern which
better fit the observed link flow data. This newly derived trip pattern might be “seeded” with
the static regional pattern, but the derivation process can result in significant alterations in an
effort to better fit observed data. For example, these alterations might include the elimination
of longer trips for shorter ones, or fewer or greater numbers of trips in the network overall.

Therefore, the goal of this effort was to produce a set of simulation inputs which are both
consistent with the regional modeling link geometrics and O-D travel patterns and produce
outputs that accurately reflect observed speed and flow data.
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Ideally, a rich set of validation data, both average-condition and time-variant would be
available for concurrent validation of both the simulation and the regional planning model
simultaneously. However, this may never be a practical consideration in the near-term given
that a complete regional validation would then be required for every MIS considered within a
region.

The calibration effort was performed with respect to four target data sets:
*  Regional model screenline counts

«  Temporal and geographic location of recurrent AM peak period bottlenecks
(determined from WSDOT FLOW observations and camera shots)

*  Observed three-hour total volume counts from 1990 (16 stations)

*  Average 30-minute peak period travel time estimates for [-5 freeway (16 month
period

The calibration process began with the screenline volume check on a static daily trip table.
At that time, a time variant flow pattern was introduced. In each step, a set of parameters
was chosen to vary to calibrate the system. Finally, the results from the last calibration test
(average intra-day travel times) were then re-examined with respect to the previous data.
The refinements introduced in each step did not invalidate previous validations.

8.3 Screenline Volume Validation

Of the more than fifty PSRC primary regional screenlines, six are wholly contained within
the simulation subarea. Of these, four were selected to compare peak period volumes. These
four were screenlines (Table 8-1) which extended across the subarea in an cast-west
direction and but did not extend outside of the subarea (#35, #38, #41, #42). The other two
screenlines (#36, #40) are short North-South screenlines which extend only to three or fewer
links. These screenlines were considered too focused to be included in this analysis given
that a more detailed link flow analysis based on observed time-variant data was to be
performed.

The peak-period volumes from the simulation and the regional model were quite close —
within 8% in all cases (Table 8-1). This is to be expected since the trip table used by the
simulation was derived directly from the regional model. Large errors would have indicated
a problem in the trip table conversion process. The relatively small errors obtained can be
attributed to the fact that most but not all trips were completed within the peak simulation
period, while the regional model assumes all trips finish.

To compensate for this differential, average hourly flow on the simulated screenline links
were identified and then scaled up to the three-hour peak period modeled in EMME/2.
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Table 8-1. Validation Against Regional Screenline

Screenline Number  Screenline Description ~ Target Simulated Pct. Absolute
35 Ship Channel 91156 88020 3.40%
38 Northgate 74901 72892 2.68%
41 SR 523 61859 56937 7.96%
42 SR 104 47862 47030 1.74%

Further, some variation in generated vehicles is to be expected in the simulation because of
round off errors introduced when the continuous trip flow data from the planning model is
converted into discrete vehicle entities for simulation.

Assessment of Congestion Location and Timing. At this point a time-variant demand curve
was introduced to the static trip tables obtained from the regional model. The basis for this
pattern for this demand curve was derived from the Highway Capacity Manual (HCM) data
on urban travel demand peaking. Again, the continuous rise and fall of the HCM data had to
be approximated in discrete periods of demand for use in the INTEGRATION simulation.
This pattern was refined by adjusting the relative peaking of the curve when compared with
observed bottlenecks in the simulated network. The final peaking pattern developed is
illustrated in Figure 8-1 shown here as trip starts during the AM peak period. This time-
variant demand pattern generates 231,000 vehicles in the peak period, compared with the
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Figure 8-1. Time-Variant Demand Peaking Pattern
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235,000 vehicles predicted in the regional model. The slight differences is attributable to
integer round-off error, a non-trivial problem when a large number of the 40,000 origin-
destination flow rate entries have fewer than 20 trips per hour associated with them. O-D
exchanges with fewer than 10 vehicles per hour were modeled with invariant demand in
order to keep the number of time variant flow entries associated with O-D pairs under the
simulation limit of 40,000.

In order to calibrate the time-variant demand curve, Mitretek archived information from the
WSDOT website (http://www.wsdot.wa.gov) on traffic conditions for a sample of days in
1997. The WSDOT website offers detailed information on vehicle density along I-5 in the
study corridor. This information is presented to website visitors as color-coded segments
with qualitative labels ranging from “stop and go” to “wide open” depending on vehicle
density. A close quantitative examination of vehicle densities was not undertaken with this
data given the change in travel demand and network capacity between our 1990 base year
and the 1997 data. However, the data were useful in determining where bottlenecks
typically form and the length of queues under recurrent and non-recurrent conditions. The
color-coded map showing the approximate site and extent of delay can be compared against
maps generated from the 1990 simulated network under similar conditions (Figure §-2). In
this case, Figure 8-2 reflects a non-incident, recurrent congestion case. A captured color
image

was taken from the WSDOT website (3/11/97) and converted to gray scale. The darker the
gray color along the freeway, the higher the vehicle density. The second image has been
altered to reflect simulated output from INTEGRATION.

During three of the mornings precipitation was a factor in system capacity (from snow, rain
and/or fog), while three days had clear weather. Two of the days featured accidents (one
major, one minor) along I-5 in the southbound direction. From the non-incident data, an
assessment of where delay occurs on a recurrent basis can be identified. In both the
simulation and along southbound I-5 during the AM peak periods archived, congestion
begins to build early in the rush hour (6:40 AM - 7:15 AM). This congestion occurs north
of 220th street first, and then in the interchanges between Northgate and 175th street.
Simulated delays build in this early period because of heavy mainline volume having to
absorb significant (albeit metered) on-ramp flows. A check of camera shots from this period
via the WSDOT website suggests that this is a typical cause of recurrent slowdown in the
early rush period. In the 7:15-7:30 AM time frame, the interchanges north of the ship
channel (45th Street, 50th Street and the interchange just south of 65th Street) also begin to
slow from heavy volume. The southbound express lanes through this area are typically not
congested, although where additional flow joins the express lanes above SR 522 some delay
occurs beginning in the merge area. By 8:00 AM simulated (and observed) delays can be
found along the length of the southbound mainline I-5 facility. The HOV lane modeled sees
no significant delay except at access and egress points along [-5 where merging with
mainline traffic cannot be avoided. In this mid-to-late rush hour regime, the congestion and

8-6



Lyrrvood ™8

Lyhnwy oo ™

Edmonds

T Mourtlake

i f-.ﬂu:uuntlake
| | Terrace

Snnhpl
Shareline

Observed Conditions 7:03 3/11/97 Simulated Conditions 7:00-7:15 AM

Figure 8-2. Location of Bottlenecks, Early AM Peak, Non-Recurrent Conditions

delay along SR 99 increase in the simulation, although no observed data are available to
validate this effect. Northbound along I-5, recurrent congestion reported via the WSDOT
website are not typically significant. The simulation generates similar results throughout the
peak period.

8.4 Calibration Against Observed and Simulated Flow Rates

To provide a more quantitative validation of simulated conditions, availability was
identified data by jurisdiction and facility type. A primary source of data was WSDOT
traffic counts (flow data) for the calendar year 1990 along the I-5 freeway. These data were
available in 15 minute time periods throughout more than 200 AM peak periods in 1990.
Second, WSDOT spot counts along SR 99 (fewer than ten days) were also analyzed to
characterize AM flow rates. In all, four locations along I-5 (including express lanes) and
eight locations along SR 99 were identified for analysis. Average observed flow (OBS) in
vehicles per hour (VPH) at these points in the network are presented in Table 8-2 alongside
the average simulated flow in the same period (6:30 AM - 9:30 AM). Error at each location
is expressed as the absolute value of the simulated flow minus the target flow. The average
error statistic reported is the average absolute error taken over the ten locations with each
location weighted equally.
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Table 8-2. Simulated and Observed Flow Rates in the Simulation Subarea

Simulated Target Flow Error
Facility Location Direction (VPH) (VPH)
I-5 Ship Ch. NB 5407 4774 13% HI
-5 Ship Ch. SB 6861 6067 13% HI
I-5 195th NB 2291 3278 30% LO
-5 195th SB 6167 5538 11% HI
SR 99 Aur. Br. NB 1520 1500 1% HI
SR 99 Aur.Br. SB 2996 3633 18% LO
SR 99 175th NB 687 892 23% LO
SR 99 175th SB 1763 1335 32% HI
SR 99 200th NB 529 525 1% HI
SR 99 200th SB 1563 1362 15% HI

Average Absolute Error 15.7%

Before any calibration effort was performed, the average error was 35-40%, primarily from
large undercounts (low simulated volumes) along SR 99. Two calibration techniques were
employed, one for arterials and one for freeways. For the SR 99 arterial, signal timing plans
were adjusted for phase split to provide more green time for north and southbound traffic.
The adjusted timings retained the cycle length parameters outlined in the North Seattle
ATMS evaluation document. This helped to bring the signalized sections of SR 99 closer to
observed counts.

Freeway calibration involved manipulation of two types of parameters. First, manipulation
of signalization parameters (cycle lengths and phasing) at a few key off-ramp facilities were
implemented. Second, we altered volume-speed functions for the “artificial links” linking
distant origins and destinations to the subarea. By adjusting a link to be slightly faster under
a range of flow conditions South of downtown Seattle but near the I-5 connection point,
average flow northbound on I-5 crossing the ship channel was improved. These techniques
were less successful for the 195th and 175th stations since these interchanges are located
centrally in the network and the effect of changing conditions along the border have limited
impact in the center of the network.

In addition to the average peak period flows for these selected links, an analysis of time-
variant flow rates was undertaken at a subset of stations. Simulated (flows) by 30-minute
intervals were examined against a set of days with no incidents or major weather events
from 1990. A sample of such a comparison is provided as Figure 8-3 for I-5 southbound
near 130™ Street. In this figure, the relative rise and fall of volume on the facility can be
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Figure 8-3. Sample Time-Variant Link Volume, Simulated vs. Observed

compared between the simulation and the observed data. The observed time variant flow
rates (“target”) rise and fall in a pattern that is not closely matched by the time-variant

rates (“model”) obtained from simulation. For individual links in the network, the match
between time-variant flows can be inexact, even though the averages may be quite close as
is the case here near 130™ street. Note that the peak period average observed flow rate
(“static target”) is closely matched by the peak period average flow rates obtained in
simulation (“model avg.). At this point, a typical approach for calibration would be to alter
the O-D demand pattern on an individual entry basis; that is, adjust individual flow rates
independently within time-variant O-D pattern. However, for this analysis we chose to omit
this step given the restriction to remain consistent with the O-D trip table.

8.5 Peak Period Travel Time Variability Calibration

Time-variant modifications to the subarea demand pattern were calibrated to data describing
trip time variability, as will be demonstrated in Section 9. This calibration exercise is
important because if system variability is overstated, then benefits associated with adaptive
control or ATIS will likely be overstated. Likewise, if system variability is understated, then
the benefits of ITS technologies will likely be understated.
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The primary data source for calibrating the within-peak travel time came from estimates of
travel time delivered by the Microsoft Sidewalk service at regular intervals in the AM peak

period over a 16 month period from June 1997 to October 1998. Estimated travel times
between the Alderwood Mall and Mercer Street exits (both northbound and southbound) on
I-5 were logged every 30 minutes in the 6:00-9:30 AM peak period. These two points are
located near the northern (Alderwood Mall) and southern (Mercer Street) boundaries of the
simulation subarea. Although this data is indicative of travel times only along the freeway
and provides no data on arterial travel, the number of observations over the 16-month period
provided sufficient data to characterize the variability along the most important facility in
the North Corridor. A reduced sample set was selected from the raw data to remove days
with missing or unreliable data points, as well as to eliminate any bias introduced by having
collected data over two June-October periods. In all, 80 days of data were used to create the
calibration sample set.

The calibration data for southbound (peak direction) travel between Alderwood Mall and
Mercer Street on I-5 is illustrated in Figure 8-4. Average travel time between these two
points (15.3 mile trip) ranged from just over 19 minutes at the start of the peak period
peaking to 23 minutes in the 7:00-8:00 AM period. This peak travel time then subsides,
returning to a 19 minute trip at the end of the peak period (9:30 AM).

Other important calibration information can be generated from this travel time data set
(illustrated in Figure 8-4). First, travel times in each period are rank-ordered from lowest-to-
highest and a percentile analysis performed to quantify the variability of travel between the
two points. At the 10" percentile, representing uncongested conditions, there is no
discernable peak and travel time remains flat at roughly 16 minutes. At the 90" percentile,
representing conditions associated with some of the worst congestion encountered
throughout the year, travel time peaks to near 33 minutes in the 7-7:30 AM time period.
Maximum reported travel time (not plotted) was more than 70 minutes.

The travel time estimates obtained from Microsoft Sidewalk are not as accurate as data
provided from a dedicated probe-vehicle travel time study because they are based on
estimates of speed from link detector data collected every quarter mile. However, the travel
time estimates were within 10% of travel times collected by Mitretek in a single-day
experiment under relatively low-demand conditions using a GPS-based automated travel
time collection device. Further experiments to test the accuracy under heavy-demand or
incident cases were not possible given time and resource constraints. Although not a perfect
measure, after some elimination of missing or unreasonable data, the data served its purpose
of characterizing within-period travel-time variability for the calibration of the simulation
model.
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Although the calibration of within-day travel time in the training process is important in
establishing reasonable habitual route patterns for commuters and travel time profiles for the
overall system, the calibration of day-to-day travel times requires a complete set of
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9. Alternatives Evaluation

The results of the aternatives evaluation are presented in this section. First, three one-page
impact summary tables are presented in Section 9.1, covering: Do Nothing/TSM vs. ITS
Rich, SOV Capacity Expansion vs. SOV +ITS, HOV/Busway vs HOV/Busway + ITS.
These summary tables provide high-level characterizations of each alternative. After this
summary, each of the three pair-wise comparisonsis examined in detail. Sections 9.2 (Do
Nothing/TSM vs. ITSRich), 9.3 (SOV vs. SOV +ITS), and 9.4 (HOV/Busway vs.
HOV/Busway + ITS) contain aregiond impact subsection, a subareaimpad subsection, cost
detail, and a statement of environmental implications.

9.1 Impact Summary Tables

Table 9-1 summarizes the Do Nothing/TSM and ITS Rich aternatives. The Do
Nothing/TSM alternative is compared to the performance of the 1990 vdidation network. By
the year 2020, significantly higher travel demand at the regional level is projected. Thislarge
increase in regional travel demand is mirrored by a41% increase in subareatravd. Given
that no additional capacity has been implemented in the subarea, the result is that the subarea
experiences significantly worse travel delays and higher travel times than currently observed.
The impact of the ITS Rich alternativeis made with respect to the 2020 Do Nothing/TSM
(also referred to here as the Baseline alternative). The impact of the ITS Rich alternative a
the regional level includes a shift from personal vehicle to transit and additional travel
demand being drawn to the subarea The subarea itself still experiences delay, but & a
reduced rate, while travel time variability is restored to 1990 norms.

Table 9-2 summarizes the SOV Capacity Enhancement alternative (SOV) and the SOV
Capacity Enhancement PlusITS (SOV +ITYS) alternative The SOV dterndiveis
characterized (vs. Baseline) a the regional level as providing fester travel times, particularly
for trips that utilize the upgraded SR99 facility. At the subarea level, the upgraded SR99
facility shows vulnerability to congestion under weather or heavy demand cases. Theresult is
that an expected improvement in annualized throughput and travel timeis not realized. The
SOV + ITS dternative (compared to SOV) mitigates to some degree the congestion
conditions along SR99 under poor weather and heavy demand conditions, and provides a
significant increase in annual subarea throughput. At the regional level, the ITS
improvements increase total trip length and bring additional demand into the subarea.

Table 9-3 summarizes the HOV/Busway aternative and the HOV/Busway PlusITS
aternative (HOV +ITS). At theregional level, the HOV alternative (compared to Baseline)
features an overall shift to transit trips and a decrease in daily auto VMT and VHT. Freeway
performance ingeneral purposelanes are observed to be unrelialde under weather scenarios.
The HOV + ITS dternative is helpfu for freeway-based travel in these weather scenarios,
reallocating travel demand away from freeways and onto arterials At the regional level, these
improvements result in longer, faster trips as well asincreased transit ridership.
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Table 9-1. Alternatives Comparison Summaries: Do Nothing/TSM vs. ITSRich

2020 Alternative Comparizon | mplications

TS Rich ve Mokl diT Sk

Measure of
Effediveness

Impad of Do Mothing/T=M (Bazeline)
Compared to 1990 Yalidation Metwork

Impac ofITS Rich
Comapred to Do MathingsT Sk
[ Bazeline)

Altemative Sumimany

= H [
D aily Travel

Daily regional perzon tips groveby B2% from 1990 to 2020
This causes YT to growby B4 5% and %HT to grow due to
congestion by 80.5%

A shitt to carpool and transit is also seen (+ 97% and +90%
respectively compared to + S9% LOY growdh )

COverall daily perzon tips remain the zame

=hitt from personal vehide to tranat (Transt +1.01%)
Improvern ents lead to longer trips (less trips within gudy area,
more tofrom study area)

AM Peak Period Travel

Akl Travel

Slightly larger Yshits are s2en in the Al

Perzon trips (+ 62.84%), Campoodlz (+ 97%), Transt (+929%)
Al T (+ BE 4%, AW WYHT (+105%)

mMuch mare travel on a system that basically is the same as
fodad

Shitts in trip patterns and mode split similar to daily
People travel farther in less time (improved speed)
tosffrom through subarea

Diversion oftrips tothroughMrom Sudy area
Diversion oftrips {0 gietals (ATMS iID Brovem ents

Subarea Trips

An increaze of 41 % in wehide trips toffromthrough the
subares leading to severe congeion especially st the Ship
Canal bridge crossing s,

hore vehicle trip s tofrom through subarea (+3 3007
Ewen with more vehicles speed is improved (3.85%)
Londer trips are also made.

Sub Area Impacts: Delay Reduction, Reliability, and Level of Service

LAM Peak Period Traved

Highly congested system
Higher traveltimes
Significant increas= in travel time variability

Traveltime varability restared to crca 1990 validation network
Morm=s

Higher through put

Slichtly inproved averall trgvel tim e

Capital & Operating Cost

HOY lanes added between 1258th st. SE and =RS26, limited
interchange and arterial street im provements. Circa 19901TS
deployments: web-bazed ATIS, fixed signal timing, ramp
metering s deploved op 1-5

Aggrezzive implementation of adaptive signal contral |
expanded trafic managem ent and surveillance | incident
management and transit priority inthe -5 sudy corridor,

Environmertal impac

Likely worse: sover frafic, increass in stogn

|I‘-.-1ixed bacy fewer stows b lonoer, faster frio

9-2




Table9-2. Alternatives Comparison Summaries. SOV without ITSvs. SOV with ITS

2020 Alternative Comparison Implications

SOV C apacity Expansion+ 1TS versus SO0

heasure of
Effectivene

Impact of
S50V C apactiy Expansion
Caompared to Do Mothing'T 5

apaciby Expansion

Impact of
50N Capacity Expansion+ ITS
Compared to S0V Capacity Expansion

[Base

(ITE AT

Alternstive Summary

Regions Trawel: Trips, ko

de Choice, Times, and Miles Trawded

Dizily Trawel

Chrerall daily parson frips remainthe = ame

Shift towak-to-rares ittrips withinffrom the corridor, but drop in
long distance transit P ak&R ide

Crop in frips within study area and increase in trips toffrom the
subarea especially to CBD

Increas e in Daily W T and Decreas e in D aily WHT reflects
upgrade of SR-99 to expressway and fasterspeads

Chwerall daily person frips remainthe = ame

Increas e in transit person trips (slighthy less than ITSRICH
increase), and concomittant drop in v ehicle trips

Further reduction in within subarea trips and incre as & in trips
toffrom subarea.

Additional increase intrip length as trawvelwithin corridor
improved.

Ahd Traw el

Similar patterns as found in daiby travel

Slight =hift in owerall transit results from higher wak -to-transit
and drapin langer drive-to-transit

huch faster travel in SR-89 corridor causes overall decrease
in trav el fimes

Simil ar patterns as found in daiby travel

Inzreas e in transit trips but again slighthy les= than seen in
ITSRICH

Owerallincrease in trawel conditions seen by slighthy longer
fips in transit and wehicle Trips, and improwed times , speeds

Subarea Trips

Significant increase inwehicle trips toffromdhrough the

zubarea due to diversion to SR-99

Improvements in SE-99 caus e increase in subarea average
peag

Addition al vehicle trips diverted to the corridor are the greatest
of amy alternattive
Slight improvementin congested speeds

Sub Ares Impacs: O=lay B

eduction, Relisbility, and Lewvel of Service

1Ak Peak Period Trawel

Higher system demand
Significant increase intrawvel ime variability
Throughput increase smaller than demand increase

Significant improvements intravel time wariabilty and system
throughput

Changes particularly sigrficiant in weather ar high demand
SCenarios

|Capital & Operating Costfe

Cost drivers are:

Canversion of 194 miles of urban arterial to urban expressway
Construction of nine new urban expressway interchanges
Canstruction of nine new grade separated arterial crossings

Capital cosE to implement same elements 2= in ITS Rich
slighthy higher than for baseline due to increases in
communic ations and traffic management costs.

of the expressway

IEnvironmental Impacts

|MM&MWM5_MMM_MQH high-speedstop




Table 9-3. Alternatives Comparison Summaries: HOV/Busway without ITSvs. HOV/Busway with ITS

2040 Aternative Comparizon Implications

HOBuanay + [T 5 werayz HOW Busway
mpact of mpact of
HO"Busmay HOBusway + M5
heazure of Coampared to Do Mothing/TShd Compared to HOWBusway Akemative
Efiectivensss (Baze L

Oreral daily person tips remain the same Ceral daily person tips remain the same
Oeral shit to trarsittips in both walk-te-transi and PER hcease nransit person tips (ighthyless than ITSRICH %
ip= (base dtemative with mosttransittips) increase), and concomit@ant drop in whide fips
iy =ight drop in trips within studyarea and an norease o |Atemative with lighest level of dailytrarsittips
ip= toffrom the studyarea. Ao WT and WHT increase astrawel is dverted to subarea,
Decreasze in Oaly aua WiT and WHT relects the shit to Transt “WMT remainsthe same as HO W without 1T5 bt WHT
nsit ard drop in auto trips decreases due to fransit prionty treatment
Additional ransit senice isseen inthe increase in Oaily Additional increzse inhip length 3= Tawel with comidar
Tans=t SWhAT and SHT limoroyed
Al Trawed Similar patterrs as ound n daily rawel Similar patterres as ourd 0 daily rawel
hizrease in transit WiT,WHT ,and person fips Hghest cwerall b trarsittrips, bt percentage increase not
Decreasze in auto T, "HT ,and person ips a= brge as MSRICH

‘wiemy sight improwements in 3we. trawel time or all mades COheral A frips ae bnger and Gster.
Diversion to comidor is insignificant since most changes to

Transt and HIM samirs

Subarea Trips Slight decrease in wehide tips through the subarea dueto [About the =ame increase insubarea wehide trips due to
increase intranst u=e @nd no diversion) dinersion as found in ITSRICH
Slight inzrease in subarea awerage speeds (3 mph) COheral subarea trps lowerthan TSRICH due to lower

zubarea trips in HOW'wo TS
hcease n gverage subares speeds due to TS and more

relable svatem (+1 moh
Sih Ares Irﬂl-mr“f - Oelay Rerh wtinn  Reliabiliby aod leus of Sarice
M Peak Period Trayve
Higher owerdl systemtrave demand Signifcant redoution in delay ard travel ime war@bility
Signifcant difierential in trawel time wanabiitybetoeen HOYW | Good perommance under poor weather condiions
and non- HOAirael
| Capital & Operating Costs

Signifcant costs associated with the upgade of seweral road (Capial costs to implement same dements as n M5 Rich
s=eqmenits 1o abiout the same 2= inthe basdine.

Barier-sepaated HOW

hiadifcation of F5A-405 interchange to aczommodate
Teawayto-freeway HOW connectar ramps

Constrction oftwo Texas-T interchanges for direct aosess
lino the HOMBne

T . ok ts i - | - o

\Erwircnmental Impacts




9.2 Do Nothing/TSM vs. ITSRich

Table 9-4. Detailed Comparison Summary, | TS Rich vs. Do NothingTSM

2020 Altemnative Comparizon Summary
ITS Rich e Do MothinoT Sk
Do
Measure of M othi T Shd IT= Rich Change % Change
Efledivenss [Blgze) (TS At.a [ IT% M- Base) (Chrg/Baze)
i aues: = g g — B
Doailv Persan Trins 16457 503 16.457 503 0 0.00%
L% Person Trips 15,864 025 15,850 456 -4.542 -003%
HOY Person Trips 72,29 72,10 -172 -0.24%
Transit Person Trip 469 721 474 450 4725 1.01%
LAM Peak Perdod Travel
Ahd Perzon Trips
L% Person Trips 2947 986 2996544 -1,142 -004%
HOY Person Trips 24,219 24,090 -128 -0.24%
Transit Person Trip 135219 127 M3 1194 0,085
Ah Perzon Miles
L% Person Miles 30,693 202 30,733,955 34,756 011%
HOY Person Miles 1,246552 1,243,856 -2 6635 -021%
| Transit Person bile 12255999 1235559 0.390 077
Ah PerzonHours
L% Person Hours 1,244 636 12426897 -1,939 -01E%
HOY PersonHours 44 575 44 452 -7 -0.26%
Transit Person Hour 150,211 128 779 -433 -0.35%
A Average Thp Times
LM Person Trip Time 2491 2488 -0.03 -012%
HOY Perzon Trip Time 49 33 49 .32 -0m -002%
Transit Person Trip Time ar el o6 .83 -[.69 -1.20%
L2 Loty vehide Trip 2115624 2117644 -550 -005%
L ahd Lot vehide bile 19,889 222 19,924 RN 35438 0189
|aht HON Wehicde Trip 16,727 16 655 -4 -025%
L ahd HO vishicle: bjle KT 1] KTl s -H 5 -0.24%
A Subarea Trips
LM Vehicle Trips 332 ET3 336 005 3332 1.00%
% of Region 15 TR 15.87% 0A6% 1.05%
HOY Yehide Trips 4 930 4 587 -43 -0.86%
% of Region 29.47% 28.29% -015% -0E1%
Lot vehicle Trip Speed 24 20 2522 0oz S.00%
Sub Ares Impacts: Delay Beduction, Reliabjlity, and Level of Semvice
AMPeak Period Travel
| Througheut Cfinished trips) 171,149 179 146 Pl vt 4 5%
| Defay Perveh, Tripmind 10,55 9.25 -1.60 14.7%
| Time Cosf Of Warisfion 021 022 -0.09 -0 0%
Bizk of Sevete [E gy i 509 =1 9% =519
Yo Zlowe Travd (= 20 mph)
Freewnsays 14.7%) 10,7 % -4 0% -AT 2%
Apterial £ .4% S0.5% S0.0% A7 0%
% Travel with = 1 stopkm
Freewnays 12 6% 11 6% -1.0% -7.0%
Arterial 25 5% 22 2% -4 G% S 2%
Capital & Opersting C o=t
Annual Capital Cost T4 SEE F4 SEE pA
Anmual O&k Cost FE43 FE43 A
Annual Total Cost 35808 55500 A

1 Daily person trips from trip digribution. Person trips by mode may not sum to daily total due to rounding
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9.2.1 Regional Travel: Trips, Times, Mode Choice, and Miles Traveled

A summary of regional Measures of Effectiveness (MOEs) comparing the ITS Rich and the
Do Nothing/TSM alternatives follows, illustrating the findings from the regional model
presented in Table 9-4. The regional MOEs include trip count, length, and mode statistics by
vehicle and person for daily and AM peak period travel. Also detailed are AM peak period
statistics on vehicle screen line volumes, regional and subarea mode shifts by vehicle and
person, and average vehicle trip length and time by area. The predominant regional trends
resulting from the ITS enhancements are relatively small in magnitude and include a shift
from auto modes to transit, an increase in subareatrips, a decrease in regional trips, and an
increase in average trip length. The magnitude of regional impacts should be viewed with
respect to the size of the region compared to that of the subarea where I TS enhancements
have been made. For instance, of the 2.1 million regional auto trips made in the AM peak
only 0.3 million of them traverse the subarea for any portion of their trip, and less than 0.15
million of them traverse the subarea for their entire trip.

Tables 9-5 through 9-7 summarize regional daily person and vehicle travel. The overdl
person trips used as inputs for the Do Nothing/TSM and I TS Rich alternatives are the same.
Thus, the number of person trips for both alternatives remains the same. The APTS elements
of the ITS Rich alternative increase the attractiveness of transit and prompt a 1.0% increase
regionally in transit person trips. Comrespondingly, there is a slight percentage decresse in
non-carpool vehicle trips. The daily non-carpool vehicle milesincrease by 0.20% while the
daily non-carpool vehicle hours decrease by 0.13%, reflecting faster average regional travel
speeds and longer average regional trip distances

Important to note is that the majority of the carpool facilities and correspondingly carpool
trips are within the subarea. Thus ITS enhancements impact a greater percentage of regional
carpool trips than regional non-carpool trips. The number of carpod trips impacted is quite
small. In fact, the number of impacted carpool tripsis smaller than the round-off error. The
point here is that with I TS enhancements to transit, daily carpool share does not increase at
theregional levd.

Tables 9-8 through 9-10 provide corresponding statistics for the AM peak period. Trends of
transit sharein the AM peak are similar to those of daly travel. Trandt vehicle miles remain
constant while vehicle hours decrease more than 2.0%, reflecting faster averagetransit
vehicle speeds for the region during the AM peak. The decrease in AM peak non-carpool
vehicle tripsis not significant; however, the increase in corresponding vehicle miles traveled
is significant, indicating longer trips for non-carpool vehiclesin the AM peak. Asin daily
carpool trips, there is a decrease in the percentage of carpool vehicle from the Do
Nothing/TSM to the ITS Rich Alternative. The magnitude of change, however, is not
significant.

Tables 9-11 and 9-12 illustrate the impact of the ITS Rich e ements on throughput and trips

attracted (diverted) to the subareathat is represented in simulation. Table 9-11 presents the
AM peak period tripsto, from, and through the subarea. The number of AM peak non-
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carpool vehicletrips at the regional level decreases by less than 0.05%; however, the number
of AM peak subareatrips increases by over 1.00%. Thisindicates that dthough ITS elements
regionally have minimal impact, the elements make a significant change in subarea corridor
use. Specificaly, ITS elementsin the subarea attract approximately 3,300 more non-carpool
vehicles to use the subarea for some portion of their trip.

Thisdiversion of tripsto utilize the subareais also reflected in the AM peak period screen
line volumes shown in 9-1 Table 9-12 (Figure provides the location of each screen line). The
screen line volumes show more noticeabl e percent changes than the overall regional travel
measures as they capture more localized effects, mode split impacts, and travel diversion
impacts. Screen line 43, Locust Way, shows the highest increase in travel (2.77%) reflecting
the diversion of vehiclesto SR522, which seesimproved performance from the adaptive
signa control system in the ITS Rich alternative.

Table 9-13 provides a breakout of the AM peak non-carpool vehicle trips that travel to, from,
and through the subarea by origin and destination areas. The areas are defined as (1) the
subarea, (2) the area south of the subarea within the North Corridor influence area, (3) the
area north of the subarea within the North Corridor influence area, and (4) the area outside
the North Corridor. These regions are mapped in Figure 9-2. Table 9-13 reveals how the
number, length, and duration of trips are interrelated and interact due to I TS improvements.*®

Most noticeable is that more of the trips originating from each of the four regions make use
of the subarea for some portion of their trip in the ITS Rich alternative than in the Do
Nothing/TSM alternative. Moreover, the trips making use of the subareain the ITS Rich
alternative are on average longer yet require significantly lesstravel time. Of the four defined
areas, the South Corridor shows the greatest percentage increase in vehicle trips using the
subarea. These trips are for the most part going northbound, are dlightly shorter, and have a
disproportionatdy greater travel time saving. Thelarge travel timesavingsis attributeble in
part to trips being shorter, but moreover because in the Do Nothing/TSM alternative signal
timing was fixed and promoting southbound travel whereas with ITS enhancements signals
are actuated providing northbound traffic more proportionate green time. Trips from and to
outside the corridor (area 4) inaease while their average distance decreases. Thisisthe result
of new relatively shorter trips being attracted to the simulation area.

Table 9-14 detailsin person trip statistics the shift in subarea AM peak travel resulting from
ITS enhancements. Figure 9-3 presents graphically the seven areas defined as (1) subares, (2)
South Corridor, (3) North Corridor, (4) King County, (5) Snohomish County, (6) Pierce
South, and (7) Islands and Olympic Peninsula. As noted ealier the number of persontripsis
maintained constant from the Do Nothing/TSM to the ITS Rich alternative. The distribution
of trips; however, changes as aresult of the ITS enhancements. I TS prompts more person
trips originating from the subareato travel to adjacent areas (aress 2, 3, and 4). This increase
in person trips from the subarea to other regions is offset by fewer within subarea person
trips. Similarly, more person trips originating from the adjacent regions of the North
Corridor, South Corridor, and King County are made to the subarea.

19 Both impacts of the regiond recurrent delay analysisand the rolled up travd time impacts of the
simulation representative day analy sis are captured in the trip time values.
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In summary, the ITS Rich Alternativeimpacts are small but significant at the regional levd.
Impacts are much more pronounced within the subarea where ITS options are exercised. The
predominant trends are a shift to transit mode, increased corridor mobility, a funneling of

trips from surrounding regions through the subarea, an overall lengthening of trips, and an
overall decrease in trip times. Redistribution of regional travel is also small but significant as
demonstrated by Table 9-14. The number of trips with origin and destination in the subarea
decreases whereas the number o trips originating in the subarea and traveling to other areas

increases.
Table9-5. Daily Person and Vehicle Trip Comparisons
Fegonal Travel: Daily Person and Vehicle Trips
Change
Do Mathing (ITS Fich - Do
W easure TS | TS Hich Mothing f Tsh)| %% Change

Daily Trips

Person Trips 16457,503 16457 603 0 0.00%

MNorkCarpool Vehicle Tnps 12,088,806 12,084,852 -3,954 -0.03%

Carpool Vehicle Trips 22303 22247 -5f -0.25%

Transit Person Trps 469,721 474 450 4,728 1.01%

Table 9-6. Daily Vehicle Miles and Hours Traveled
Regional Travel: Daily Wehicle Miles and Hours Traveled
Change
Do M othing (ITS Rich - Do
hWEasLUe STaM TS Rich Mothing / TSMY| % Change

Daily Yehicle Miles Traveled

Mon-Carpool 100,253 432 100 454 224 200 792 0.20%

Carpool 495 558 497 568 -1,850 -0.38%

Transit 136,110 136,110 g 0.00%
Daily “ehicle Hours Traveled

M on-Carpool 3,399 574 3,495 030 - 254 -0.13%

Carponl 14,710 14,662 -8 -0.32%

Transit 0,281 8103 -1749 -2.16%
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Table9-7. Daily Person Miles and Hours Traveled

Regional Travel Daiy Person Miles and Hours Traveled

Change
Do MNothing (ITs Rich - Do
Measure STSM ITS Rich | Mathing/ TSM)| % Change
Daily Person Miles Traveled
M on-Carpool 145 666,160 145 877,296 211,136 0.14%
Carpool 1651 351 1645 851 -3.831 -[0.33%
Transit 2,295 945 3535 868 39,532 1.10%
Daily Person Hours Traveled
M on-Carpool 4 867 437 4 861,511 -5 927 -0.12%
Carpool 48471 48,448 -22 -0.05%
Transit 430577 430,169 =405 -0.09%
9-8. AM Peak Person and Vehicle Trip Comparison
Regional Travel: AM Peak Period Person and Yehicle Trips
Change
Do Mothing (1T Rich- Do
hMeasure TS ITs Rich Mothing/ TS| % Change
AM Peak Period Trips
Ferson Trps 3,188,024 3,187,947 77 0.00%
Mor-Carpool Vehicle THps 2118624 2117 644 =980 -005%
Carpool Wehicle Trips 16 727 16 B85 o -0.25%
Transit Ferson Trips 135,819 137,013 1,194 0.88%
Table 2-9. AN Peak Vehicle Miles and Hours Traveled
Fegional Travel Al Peak Period “ehicle Miles and Hours Traveled
Change
Do Mothing (ITS Kich - Do
hMeasLre fTaM ITS Rich Mothing / TSkl % Change
Al Peak Wehicle Miles Traveled
Mo Carpool 19 8989 222 19 924 660 B o 0.2%
Carpool a7 7,803 a76,555 -9158 -0.24%
Transit 2,419 3419 ] 0.00%
Al Pealk: Yehicle Hours Traveled
Mo Carpool 815,335 813,872 -1 464 -0.2%
Carpool 13,493 13,482 -15 -0.11%
Transit 2173 2129 -5 -2 05%

9-9




Table9-10. AM Peak Person Milesand Hours Traveled

Regional Travel: Al Peak Period Person Miles and Hours Traveled

Change
Do Mothing (ITS Rich - Do
MEASLUNE ST =M ITS FHich Mothing f TSM)| % Change

Ahd Peak Person Miles Traveled

MoreCarpool a0 6599 202 30,733 958 34,756 0.1%

Carpool 1,246 552 1,243,886 -2 BB5 -021%

Transit 1,225 99 1,235,389 8,398 0.77%
Ahd Peak Person Hours Traveled

MoreCarpool 1,244 636 1,242 697 -1539 -02%

Carpool 44 578 44 452 -117 -0.26%

Transit 130,211 129,779 -133 -0.33%

Table9-11. AM Peak Regional and Subarea Vehicle Trips

Fegional And Sub-Area Yehicle Trips: A Peak Period

Change
Do Mothing (IT= Rich - Do
TR TS Rich Mothing £ TS % Change

Fegional Mon-Carpoal 2118524 2117 B44 -980 -0.05%
Subfrea Mon Carpool I3 673 330 005 333 1.00%
% SubAres Mon-Carpool 15.70% 1587 %

FEegional Carpoaol 16727 16.R35 -4 -0.25%
subArea Carpool 4930 4 g7 -43 -0.86%
% SubArea Carpool 2847 % 289.29%

Table9-12. AM Peak Screen Line

Ah Pealk Period Screen Line Wolumes [Vehicles
Screen Line Do MathingTSh ITS Rich % Change
Ship Chanrel (359) 107,771 110,185 2.240%
Lake WWashinoton [ 32 &4 052 44 209 0.897%
Courty Line (€2 74 985 76,236 1.66%
Locust Wy (43) a7 .59 89,255 2.77%
126t Street Sl (48] 78,000 79,152 148%
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Table9-13. AM Peak Non-Carpool Trips To, From, and Through the Subarea

2020 AM Peak Period Maon-Campoal Wehicle Travel To, From, Through Simulation Area

Do MaothingTSM ITS Rich % Change

Yehicle | Average |Average| Wehicle | Averaoge| Averade] Wehicle | Average | Averane

Trips [Digtance| Time Trips | Digtance] Time Trips | Digtance]| Time
From:
1= Suharea 211,606 [ 5.68 1488 | 211,847 &a75 1428 | 011% | 1.17% | -4.62%
2 = Carridor South 18877 | 7.33 16.44 16 433 7249 1368 | 3.81% | -0.44% [-1675%
3 = Carridor Marth 41,272 | 1015 | 30,28 42192 | 1023 2924 | 233% | 0.80% [ -3.43%
4 = Qutside Corridor | B3919 | 4939 [ 11502 | B5 4533 ) 4912 | 11261 ) 263% | -0.55% | -2 8F%
To
1= Subarea 234006 84949 2443 | 234 608) 904 22322 | 026% | 0.48% | -4 98%
2 = Carridor South 42851 | 1445 | 36.00 437951 143 3440 | 2.30% | -0.96% | -4.43%
3 = Carridor Marth 16284 | 1424 | 3687 16823 1475 J6.37 | 3.83% | 2.87% [ -1.38%
4 = Quiside Corridor | 40533 | 4819 [ 10531 41,778 4806 110383 3.0v% [ -0.37% [ -141%
Cverall 2R3 14 B35 | II/005) 1485 532 1 1.00% | 0.90% | -2.84%

Distance in Miles, Time in Mingtes

Table 9-14. AM Peak Non-Carp ool Person Trips From and To the Subarea

2020 Ak Peak Person Trips From and To the Simulation Area

Do Mathing Do Mathing
From1to | JTSM ITS Rich | % Change To 1 From| JTSMW ITS Rich | % Change
1 2069 | 305726) -1.07% 1 2069 | 08726 | -107%
2 g3 200 85 486 2.75% 2 22 B96 23738 | 4.59%
3 12 530 13 025 1.54% 3 B4 551 BS A6 | 1.64%
4 27 gE1 28,790 3.26% 4 32010 33429 | 4.43%
5 7E0 4] -211% 5 21010 20941 | -033%
B 532 513] -357% B 19 520 19463 | -080%
b 353 J38] 35 % b 11814 11833 | -0B3%
Qv erall 437 p26 | 437 B26 0.00% Qv erall 454000 [ 454000 | 0.00%

1=Subares, 2=South Corvidor, 3=Moth Carrdor, 4=King, S==Snhamish, B=Pierce South, 7=lzlandz+Olwmpic P .
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Figure 9-2. Regional Area Definitionsfor AM Non-Car pool Vehicle Statistics
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5
Snohomish

Figure 9-3. Regional Area Definition for AM Person Trip Statistics
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9.2.2 Sub Arealmpacts. Reliability, Delay Reduction, and Travel Speed

Overall, the addition of I TS enhancements to the Do Nothing/TSM alternative reduces travel er
delay, increases throughput, and makes a significant cut in travel time variability. The largest
impacts are seen in scenarios that feature heavy demand, weather impacts, major incidents or a
combination of these factors. Marginal but still positive impacts can be observed under
conditions close to average demand, clear weather, and few accidents in the system.

The measures used to characterize system impacts derived from the subarea simulation are
delay reduction, throughput, coefficient of trip time variation, risk of significant delay, travel
by speed-range, and expected number of stops per km of travel. Annualized impacts are
reported for each of these measures. Further, for delay reduction, throughput, and risk of a
significant delay, a probability mapping of the scenario set is used to highlight the conditions
under which ITS had the largest impad.

Probability Mapping: The scenario set represents a cross-section of the conditions seen in the
AM peak period using the three datasets (incidents, weather and demand variation) andis
illustrated in Figures 9-4 and 9-5. These figures show the 30 scenarios organized in two
dimensions by changes in roadway capacity and travel demand. The relative size of the boxes
for each scenario reflects the probability of occurrence, that is, the larger the box the more
likely that particular scenario isto occur.
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Figure 9-4. Evaluation Scenarios Shaded by Roadway Supply | mpacts

In Figure 9-4, the scenario mapping is shaded by impacts in roadway supply into three
subgroups: Incident (scenarios with good weather and more than 9 accidents), Normal (good
weather and fewer than 9 accidents), and Weather (rain or snow plus accidents). The relative
intensity of the disruption increases as one moves from scenarios in the center of the mapping
to the top or bottom edges of the mapping.
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Figure 9-5. Evaluation Scenarios Shaded by Travel Demand I mpacts

Figure 9-5 presents the same mapping but has been shaded to reflect changesin travel demand
with respect to the average conditions observed. Again, three subgroups are presented: Low (a
10% or greater reduction in expected demand), Normal (demand within plus/minus 10% of
average), and High (a 10% or higher increase in expected demand). Therelative deviation from
expected demand increases as one moves from scenarios in the center of the mapping to the left
or right edge of the mapping.

Mappings of thistypeallow for two important analyses to be performed on modd outputs.
First, quantified impact measures (say travel time) in each scenario can be multiplied by the
likelihood of the scenario and an average annual impact computed. These point estimates of
average conditions are criticd for both interaction with the regional model, aswell asin
modeling the impad of advanced traveler information systems or determining the effectiveness
of signal timing plans. Second, the mappngs themselves can be color-coded by ITS impact to
illustrate the conditions under which ITS components provide the most significant impacts.

Measures of Effectiveness Subarea measures of effectiveness are derived from the ssimulation
model analysis. Trip datais collected from all vehicles that begin trips in the network between
6:15 AM and 8:30 AM. For these trips, delay is calculated as the difference between the
average travel time in each scenario and free-flow (50% of average demand, no accidentsin the
system, good weather) travel times. Delay reduction is calculated by expressing the difference
in average delay from the Baseline case as a percentage of Baseline average delay. Throughput
measures the number trips starting inthe 6:15 AM and 8:30 AM time frame that can finish
before the end of the peak periodat 9:30 AM. A trip is considered to be & risk of significant
delay when the trip time in a particular scenario exceeds either 125% of free flow travd time or
is 12 minutes longer than free flow travel time. Delay reduction, risk of delay, and throughput
measures are calculated for each scenario. An annualized figure is then calculated by
computing aweighted average of across all scenarios. Each scenario has aweight equal to its
relative probability of occurrence.
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System coefficient of trip-time variation is calculated by first examining the variation in travel
times across all scenarios for each origin-destination pair. Next, an average system vaiation is
then calculated by summing across al origin-destination pairs, weighted by the number of trips
associated with the origin-destination pair. The square root of average system variation is then
calculated to provide the standard deviation of average system travel time. This standard
deviation is divided by the annualized mean system travel time to compute the coefficient of
variation. The coefficient of variation is the primary measure of travel time reliability in this

study.

Link datais collected in the simulationregarding travd speeds and stops. Speed datais
archived every 15 minutes of simulated time for every link in the network in the AM peak
period (6:00 — 9:30 AM). Average travel speed observed in the simulation during the preceding
timeinterval is archived whenever avehicle traverses alink. These link-speeds are then
collected by facility type (freeway, expressway, arterial) over the network and logged weighted
by link-length (kilometers). Thisis performed for each scenario and then summed for an annual
average using the scenario weights. These speed profiles are then normalized by total vehicle-
kilometers of travel in the system to create the statistic percentage of vehicle-kilometers of
travel by speed range. A similar technique is applied to stops estimated by the simulation at a
link level every 15 minutes by facility type. The expected number of stops per vehicle-
kilometer of travel is calculated by first computing an annual number of stops by facility type
and then dividing by the total amount of travel (in vehicle-kilometers) by facility type. We
employ the simulation-generated stop data as an indicator of the “smoothness” of travel under
the various atematives.

Delay Reduction. Impacts of the ITS Rich alternative are illustrated here as delay reductions
with respect to theDo Nothing/TSM altemative. These impacts are presented by scenario in
terms of minutes of delay reduction (Figure 9-6) and in terms of percentage reduction (Figure
9-7). Figure 9-6 illustrates the conditions where the ITS Rich alternativeis the most effectivein
terms of minutes of delay saved per traveler. Under these conditions (high demand, clear
weather, and accidents in the system) the ITS Rich alternative reduces delay with respect to the
Do Nothing/TSM altemative by 5-6 minutes per traveler. The ITS Rich altemative is also
effective at reducing delay under poor weather conditions, particularly in cases with large
numbers of accidents. A more modest (0-1 minutes), but still positive, reduction in delay can
be observed near the center of the probability mapping, corresponding to average travel
demand, clear weather and few accidents.

Figure 9-7 illustraes the conditions under which the ITS Rich alternativeis most effectivein
the elimination of travel delay on a percentage basis from the Do Nothing/TSM alternative.
Here, under conditions of lower-than-expected travel demand, clear weether, and accident
conditions, the ITS Rich aternative eliminates as much as 50% of travel delay. Note that under
conditions of heavy demand or poor wesather, the ITS Rich aternative reduces delay by a
smaller proportion (20-30%). However, there is so much more delay in the system under these
conditions, reducing delay even 20-30% trandates into several minutes of delay savings per
vehicle.
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On an annualized basis, average traveler delay is reduced by 1.6 minutes per travele per day,
from 10.88 to 9.28 minutes per traveler per day. This represents a 14.7% reduction in traveler
delay during a calendar year.

Throughput. Figure 9-8 illustrates the increase in throughput realized by the ITS Rich
alternative with respect to the Do Nothing/TSM alternative. Again, the ITS Rich alternative
performs best in scenarios with large numbers of accidents, high demand, or weather
conditions. However, this performance at the extremes compared with other conditionsisless
pronounced than for the delay reduction measures. The fact that throughput improvements are
not as dramatic in the extreme cases is explained by the overall increase in subarea travel
demand in the ITS Rich case generated at the regional level (see Section 9.2.1). This additional
travel demand adds roughly 3% to travel demand in all scenarios for the ITS Rich case. The
ITS Rich aternative is able to trandate the increased travel demand into satisfied throughput
because of the increased effidency of the transportation system.

On an annualized basis, throughput in the ITS Rich aternative increases to 179,149 vehicles
per AM peak period (6:15—8:30 AM trip starts) from 171,719 vehicles. Thisincrease of 7,430
vehicles per peak period represents an increase in throughput of 4.3%.

Risk of Significant Delay. Therisk of significant delay measure illustrates the reliability of the
transportation system under the worst delay conditions. Trips that experience high delay
relative to free-flow conditions beyond a reasonable buffer period (here 25% of free flow time
or 12 minutes) areconsidered to beat risk of a significant delay. This measure discounts smal |
reductions in delay and highlights cases where travelers are likely to benefit in a significant and
recognizable manner.

Figure 9-9 illustrates the conditions under which the risk of significant delay has been
significantly reduced in the ITS Rich aternative relative to the Do Nothing/TSM alternative.
The ITSRich aternative is most effective in combinations of heavy demand and incident
conditions, reducing the number of trips at risk of significant delay by 10% or more.

On annualized basis, the percentage of trips at risk of significant delay is reduced by nearly a
third to 5.5% in the ITS Rich alternative compared to 7.4% in the Do Nothing/TSM alternative.

Coefficient of Trip-Time Variation. The coefficient of trip-time variation in the Do
Nothing/TSM alternative is 0.31. Applying thisto atrip with an expected duration of one hour
(normally distributed), atraveler would have to budget just over an hour and half to arrive at
the trip destination on-time 95% of thetime. In the ITS Rich case, the coefficient of trip-time
variation is reduced to 0.22. Under the constraints of our example one-hour trip, the same
traveler would have to budget an hour and 21 minutes to arive at the trip destination on-time
95% of the time.

Percentage of Vehicle-Km of Travel By Speed Range Figure 9-10 illustrates the impact of the
ITS Rich alternative on travel speeds by facility over a calendar year. The percentage of travel
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by speed range for each of the facility types (freeway, expressway, urban arterial, and HOV
lane) is plotted with the Do Nothing/TSM and I TS Rich alternatives shown side-by-side.
Overall, the ITS Rich aternative can be characterized as providing faster travel across

all of thefacility types. In particular, slow travel (<20 mph) is reduced significantly for the
freeway, expressway and urban arterial facilitiesin the ITS Rich alternative.

Expected Number of Stops per Vehicle-KM of Travel. Figure 9-11 illustrates the impact of the
ITS Rich alternative on the stops per vehicle-km over a calendar year. The percentege of travel
logged with corresponding number of stops per kilometer of travel is plotted with the Do
Nothing/TSM and ITS Rich alternatives shown side-by-side. Overall, the ITS Rich alternative
can be characterized as providing smoother travel, particularly for freeway, HOV lanes, and
expressway fadlities.

9-19



Increasing Derrand

.
Ex B
E3
= Q0 Accidents, | e EG4
EGE
Good Weather
HE?
HEl | T4 HE3 HEs
< 0 Acciderts,
Good Weather
HDs
MIZ | ME2 HD& HES -
) MOl | H s e HD7
Fainor S_nn:uw — EWE
plus Accidents B
= £ [g3 1] Ew1 | EWS

01| 1-2 23 35 -

Figure 9-6. Minutes of Delay Reduction: ITS Rich vs. Do Nothing/TSM

Increasing Demand
-
IE
= O Accdents, Fd Er1
Good Weather
k= HE?
HDd HE3 HE&
< O Accidents,
Good Weather
HEZ HD& HES
. k3 m— et & 17
Rain or Snn:lw — W
plus Accidents Evid
= o [0 | Ew1 | EWS

O-10% | 10-20% | 20-30% SD—HD%-

Figure 9-7. Percent Delay Reduction: I TS Rich vs. Do Nothing/T SM

9-20



= e
Bird
= 0 Accidents, = Fiod E1
Eca
Good Weather
k NE?
HEl | HI4 HEZ NE&
< O Acciderts,
Good Weather
HIE
HDZ | HE2 HD& NES -
. Ml [ M fies] WER k- L7
Fain or Snow BV
. EitE =
plus Accidents = EWd
Ew? [Es1] Ewn | EWS

0-3% | F6% B-5% 212% -

Figure 9-8. Increasein Throughput: I TS Rich vs. Do Nothing/T SM

Increasing Demand

B3 =
= 0 Accidents, -y | i Fad
ZGood Weather

HEl | HD4 HE3 HE&
= O Accidents,
Good Weather
WD2 | HEZ MD& NES
_ 1) B Bk e FEd
Fain or Snow — A
plus Accidents Evig

™ o [m1] B | EWS

-
Frl
HE7
- HDR
k107
<-1% 0+1% 1-5% a2 10% 10-20% -

Figure 9-9. Reduced Risk of Travel Delay: TS Rich vs. Do Nothing/TSM

9-21



LI

LRSS

1L

T o

60

E
z

Facendage
z

J0%h

LIV

LRV

LI

DH/TSM | ITS Rich DH/TSM| ITS Rich DHM/TSM| ITS Rich DH/TSM| ITS Rich
Freeway Expressuwray Urhan Avierial HOV Lane

[ <0 0 2030 o 30-40 B 40-50 0 50-60 B60+]

Figure 9-10. Vehide-Km of Travel by Soeed-Range: I TS Rich vs. Do Nothing/TSM

100

%

0%

60 7

Pexd endage
£

E
E

3000

LS

0% 4

DN/TSM [ ITS Rich DR/TSM | ITS Rich  DNYTSM | ITS Rich  DH/TSM | ITS Rich
Freeway Expressuray Trhan Arterial HOY Lane

[a635 B 255 051 012 B4 w4

Figure 9-11. Stops Per Vehicle-Km of Travel: ITSRich vs. Do Nothing/TSM

9-22



9.2.3 Capital & Operating Costs

Asdescribed in Chapter 6, the ITS Rich Alternative consists of an aggressive implementation
of ITS strategiesin the North Corridor and includes traffic management and surveillance, and
incident and emergency management strategies. It is estimated that the ITS Rich Alternative
would cost about $33 million beyond those committed projects which have been included in
the Baseline Alternative. Note that in this aternative, the costs for HOV/transit facilities and
services are expected to decrease by about $4.8 million relative to the Baseline Alternative.
Costs for HOV /transit facilities dearease becausein this alternativethe transit systemis
operating more efficiently. Therefore, fewer new buses are required to maintain the service
levels represented in the Baseline Alternative. Thisis arelatively low cost aternativein
comparison to the two more capital-intensive infrastructure aternatives—the SOV Capacity
Expansion and the HOV/Busway Alternatives. Relatively high cost elements of the ITS Rich
Alternative include the following:

e Communication system ($11M)
» Surveillance system ($8.6M)

e Transit vehicle interface ($8M)
e Traffic contrd ($6M)

The estimated annualized capital cost of the ITS Rich Alternative is about $4.8 million per year
relative to the Baseline Alternative. The two more capital-intensive aternatives — the SOV
Capacity Expansion and the HOV/Busway Alternatives — have estimated annualized capital
costs of $27.5 millionand $78.1 million, respectively. Whenthe complementary I TS elements
are added to these alternatives, the additional annualized capital cost for the SOV Capacity
Expansion Plus ITSis estimated at $5.5 million and for the HOV/Busway Alternative Plus
ITS, $5 million.

Relatively speaking, the operating and maintenance costs are not anticipated as a large cost
factor for the ITS Rich Alternative. The ITS Rich Alternative is expected to actually reduce
transit operating costs relative to the No Action/TSM Baseline alternative by about $2.6
million due to the increased efficiencies of transit run times resulting from the ITS strategies.
Theinvestment in ITS/Traffic Systems would add about $3.3 millionin O&M costs relative to
the Baseline. The net impact of the ITS Rich Alternative on O& M costs relative to the Baseline
Alternative is an additional $704,000.

9.24 Environmental Implications

No explicit environmental evaluation was conducted as a part of this study. However,
implications for environmental impacts can be made from selected results. At the regional
level, oneresult for the ITS Rich aternative is that although transit mode share is increased,
longer auto tripsresult in anet increase in daily VMT of 198,902 miles from 100,752,990 to
100,951,892, a0.20% increase. In the AM peak, VMT increases at roughly the same rate,
0.17%. At the regional level, then, the implications from the ITS Rich altemative is that overall
travel increases. Thisincreasein VMT implies increased emissions.
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At the subarealevel, however, the implications for emissions are generally positive. Travel
takes place at generally higher speed, and low-speed travel is significantly reduced. For
example, travel under 20 mph is cut by 4% for freeways and 11% for arterial facilitiesin the
ITS Rich alternative when compared to the Do Nothing/TSM alternative. The number of stops
per vehicle-km of travel is aso reduced in the ITS Rich aternative by 1.0% for freeways and
by 4.6% for arterials. A reduction in low-speed travel and less frequent stopping overdl
implies that emissions may be reduced from smoother traffic flow in the subarea.

The best characterization of environmental impacts at this point is that of a mixed bag.
Regional VMT increases while subareatravel is smoother. How these two measures can be
combined and compared is currently aresearch topic. With the advent of new modal emissions
models like those under development at Virginia Tech and the University of California-

Riverside, the rdative importanceof smoothed travd versus more travel can be quantitaively
addressed.
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Table 9-15. Detailed Comparison Summary, SOV + ITSvs. SOV

9.3 SOV Capacity Expansion vs. SOV Capacity Expansion PlusITS

2020 Abternative Comparis on Summary

SO Capacitv Expansion + 1TS versus SOV Capacie Expansio
hieasure of SO SO+ ITS Change % Change
Effectvenass EEDH] (TS Ay TS0 -Base) ChigiEare
Redi T Tri Chi i Mi T
Dzily Trawel
Daily Person Trips' 16457 506|  16.957 503 3| oo
LOY Person Trips 15,863 087 15,860,125 -3,862 -0.02%
HOW Pers on Trips 72,150 71,942 -208 -0.29%
Transit Person Trip Qe 8T G2 840 G0 05 %
A Peak Period Trawe
Abd Person Trips
LOW Person Trips 25097 953 2,997 011 Qg7 -0.03%
HOW Person Trips 54,1132 53,963 -150 -0.28%
Transit Person Trips 135 846 135,842 Qa7 0.73%
Abd Person Miles
LOW Person hiles 30,793,398 30,816 2534 22836 0.07 %
HOW Pers on Miles 1,297 8236 1,241 498 G137 -0.99%
Trans it Person hliles 1,200 HF2 1,238 916 9645 0.73%
Abd Person Hours
Loy Person Hours 1,235,309 1,232 928 -2,381 -0.19%
HOW Pers on Hours 44773 44,450 -313 -0.70%
Transit Person Haour 10, 4492 A0 06 Bei=h| 0.20%
Abd Average Trip Times
LOW Persan Trip Time 2972 29463 -0.04 0. 16%
HOW Ferz on Trip Time 8.6 48,43 -0.21 0.2 %
Transit Person Trip Time 5761 57.03 -0.59 -1.02%
At LOW Wehicle Trips 2117 =21 2 17 0236 -7as -0.09%
Abd LOW Wehicle bdiles 19970192 19994252 24590 0.12%
Al HOW YWahicle Trips 16,637 16637 -8 -0.30%
A HOW Wehicle Wiles 277 280 375378 -1,901 -0.50%
Ahd Subarea Trips
LOW Yehicle Trips 237,340 228,758 217 0.72%
% of Region 15.93 % 16.05% 0.12% 0.75%
HOW Wehicle Trips 4,951 4,280 -G -1.223%
% of Region 2067 % 29.39% -0.28% -0.99%
LOW Wehicle Trip Speed 2514 2597 0.75 2.11%
Sub Ares lmpacts: Os=lay Reduction, Relisbility, and Lewel of Service
LAk Pegk Period Traed
Throughput (finis hed frips) 162 2338 185 565 17227 10.2%
Crelay Per Weh. Trip (mind 13.86 11.65 221 S15.9%
ime Coef Of Wariation 0z 0.z 0.0 -245%
Bisk of Sewvere belay 18.3% 2.5% H9.8% -53.5%
%% Slow Trawel(= 20 mph)
Freeamays 22.1% 10.9% 11 .2% 50,7 %
Arerials 21.3% 53.8% 2T 5% -33.8%
% Trawvelwith > 1 stopim
Freeamays 11.7 % 10,3 % -1.4% -12.0%
Areria 247 % 225% -11.1% S22 0%
Capital & Operating Costs
Annual Capital Costs F2T a56 F22 933 FEATT 19.95%
|_Annual O&hd Cozts Bz 961 1537 “fosd] -3 55%
Annual Total Costs 28 9497 F24470 F4553 15.22%

1 Daily person tripsfrom trip distribution. Pern trips by mode may not sum to daily total dueto rounding
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9.3.1 Regional Travel: Trips, Times, Mode Choice, and Miles Traveled

This section details the change in regional impacts resulting from the SOV with ITS aternative
as compared to the SOV alternative. The regional MOEs include trip count, length, and mode
statistics by vehicle and person for daily and AM peak period travel. Also detailed are AM
peak period statistics on vehicle sareen line volumes regional and subareatrip shifts by vehicle
and person, and average vehicle trip length and time by area. In addition, comparisons are
made, when relevant, between the SOV and SOV with ITS set of alternative and the set of Do
Nothing/TSM and ITS Rich alternatives.

The predominant trends resulting from I TS enhancements to the subarea, given that SR99 has
been upgraded from a signalized arterial to an expressway, are similar to those in the Do
Nothing/TSM to ITS Rich transition. Regional impacts are relatively small in magnitude given
that the subareawhere ITS implementation is proposedis a small subset of the region as a
whole. Impacts on trips traversing the subarea, however, are significant. Regional trends from
implementing ITS, given the SOV enhancements, include a shift from auto modes to transit, an
increase in subarea vehicle trips, adecrease in regiona vehicle trips, and an overall shift
toward longer trips.

Tables 9-16 through 9-18 summarize the daily person and vehicle travel for the region. The
same overall person trip productions and attractionswere used asinputs for all alterndives.
Thus, the number of person trips remains the same but trips are reoriented. By implementing
APTS elements on top of SOV infrastructure, transit service speeds increase by almost 2%
regionally. Regional daily transit use increases taking trips away from the auto modes. Transit
use al so shifts toward commuters with longer trips. The shift to transit from ITS
implementation given SOV enhancements, however, is not as strong as the shift to transit from
the Do Nothing/TSM to ITS Rich alternatives. This outcome is reasonable given travelers have
more attractive auto options via the SR99 upgrade.

By introducing ITS dements to the SOV dternative non-carpool vehicle trips decrease slightly
at the regional level. Daily non-carpool auto miles, however, increase by 0.15% while daly
non-carpool auto hours decrease by 0.10%, reflecting faster average vehicle travel speed and
longer average trip distance at the regional level. Also relevant is that given the infrastructure
improvement in SR99, regional daily non-carpool vehicle milesincreases by 0.47% and
vehicle hours decrease by 0.19% when comparing the SOV to the Do Nothing/TSM alternative
(comparison of Table 9-7 and 9-17). These statistics indicate that the SOV infrastructure does
spur longer trips but still reduces trip duration at aregional level.

Tables 9-19 through 9-21 provide regional statistics for the AM peak period corresponding to
the daily statistics presented above Trends of trandt share in the AM peak are similar to those
of daily transit travel. Transit share increases, transit service is faster, and more long trips make
use of the transit mode. AM peak-period non-carpod vehicle trips deaease; but compared to
the total trip volume, the decrease is not significant. With the addition of ITS capabilities to the
SOV infrastructure, non-carpool trips are slightly longer and faster in the AM peak period at
the regional level. Carpool trips at the regional level during the AM peak are dightly shorter
and faster. Asin daily carpool trips, there is a decrease in the percentage of carpool vehicles
from the SOV to the SOV with ITS alternative. The magnitude of change, however, is not
significant.
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Tables 9-22 and 9-23 illustrate the impact of ITS components on throughput and trips attracted
(diverted) to the subarea given the SOV infrastructureisin place. Table 9-22 presents the AM
peak period vehicle trips to, from, and through the subarea. The number of AM peak non-
carpool vehicletrips at the regional level decreases by less than 0.04%; however, the number of
AM peak subarea trips increases by over 0.72%. This indicates that although the corridor ITS
elements are masked when overall regional statistics are examined, they make a significant
change in subarea corridor travel. Specifically, ITS elements in the subarea attract
approximately 2,360 more vehicles to use the subarea for some portion of their trip.

This significant diversion of trips to utilize the subareais aso reflected in the AM peak period
screen line volumes shown in Table 9-23 (Figure 9-1 provides the location of each screen line).
The screen line volumes show more noticeable percent changes than the overall regional travd
measures as they capture more localized effects, mode split impacts, and travel diversion
impacts. Screen line 43, Locust Way, shows the highest increase in travel (2.66%) reflecting
the attraction to SR 522 caused by the ATMS signal improvemants.

A comparison of the Do Nothing/TSM and SOV alternatives demonstrates that the upgrade of
SR99 from a signalized arterial to anexpressway has dtracted significantly greater traffic
through the subareain the AM peak period. The SR99 upgrade increases the capacity of the
facility and therefore attracts more vehicles. The screen line volume for County Line increases
by almost 13%, and screen line volumes for Ship Channel and 128" Street SW increase by
4.0% and 5.8% respectively from the Do Nothing/TSM alternative to the SOV aternative
(comparison of Table 9-12 to 9-23).

Table 9-24 provides a breakout of the AM peak non-carpool vehicle trips that travel to, from,
and through the subarea by origin and destination areas. The areas are defined as (1) the
subarea, (2) the area south of the subarea within the North Corridor influence area, (3) the area
north of the subarea within the North Corridor influence area, and (4) the area outside the
North Corridor. These regions are mapped in Figure 9-2. Table 9-24 reveals how the number,
length, and duration of trips are interrelated and interact due to I TS improvements®

Most noticeable is that more of the vehicle trips originating from each of the four regions make
use of the subarea for some portion of their AM peak-period tripsin the SOV with ITS
alternative than in the SOV alternative. Moreover, the vehicle trips making use of the subarea
are on average longer yet require significantly lesstravel timein the SOV with ITS alternative
as compared to the SOV alternative. For the AM peak, vehicle trips from and to outside the
corridor (area4) which traverse the subarea increase in number while decreasing in average
distance. Thisis because more short trips are attracted to travel through the simulation area.

Of the four defined areas, the South Corridor shows the greatest percentage increase in vehicle
trips using the subarea. The trips being diverted to use the simulation area are shorter. They are
for the most part going northbound and have a disproportionately greater travel time saving.

20 Both impacts of the regional recurrent delay analysis and the rolled up travel time impacts of the simulation representative day
analysis are captured in the trip time values.
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The travel time reduction occurs because in the SOV aternative signal timing on facilities
other than SR99 was fixed and biased toward southbound travel whereas with ITS
enhancements signal s are actuated providing northbound traffic more proportionate green time.
A comparison of AM peak non-carpool vehicle trips between the Do Nothing/TSM and the
SOV dternativesreveas that SR99 improvements haveinduced an average increase intrip
length of 3.94% compared to an average increase in trip time of only 0.41% for trips traversing
the subarea. Furthermore, the inareases in vehicle trips, averagelength and average time
reduction of vehiclestraversing the subarea are greater when introducing ITS to the Do
Nothing/TSM alternative than introducing I TS to the SOV aternative (comparison of Table 9-
13 and 9-24).

Table 9-25 details in person trip statistics the shift in subarea AM peak travel resulting from
ITS enhancements. Figure 9-3 presents graphically the seven regions. The distribution of trips
changes as aresult of the ITS enhancements to prompt more trips from the subarea to south-
east adjacent regions (areas 2 and 4). Thisincrease in trips from thesubareato aress 2 and 4 is
offset by fewer trips remaining ertirely within the subarea or traveling elsewhere. With ITS,
more person trips from the adjacent regions of the North Corridor, South Corridor, and King
County are made to the subarea during the AM peak period.

In summary, introduction of ITS to the SOV aternative causes small but significant impacts at
the regional level. These include a shift to transit mode, increased corridor mobility, a
funneling of trips from surrounding regions through the subarea, an average lengthening of
trips, and an average decrease in trip time. Redistribution of travel causes more trips from the
subarea to enter adjacent areas, and causing more trips from adjacent areas to enter the subarea.
The impacts of ITSin general were less pronounced given the SR99 upgrade in the SOV
aternative than in the Do Nothing/TSM aternative.

Table 9-16. SOV/SOV With I TS Daily Person and Vehicle Trip Comparison

Fegional Travel: Daily Person and Yehicle Trips
Change
(SO0 with | TS
heasure = SO with [ TS 5 % Change
Daily Trips
Person Trips 16457 506 16,457 503 -3 0.00%
M on-Carpool Wehicle Trips 12,084,388 12,081,290 -3.058 -0.03%
Carpool Vehicle Trips 22249 22183 66 -0.30%
Transit Person Trips 468 817 473,840 4,023 0.86%
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Table9-17. SOV/SOV With ITS Daily Vehicle Milesand Hours Traveled

Regional Travel: Daily vehicle Miles and Hours Traveled

Change
(SO WIth I TS
heasure = SOV wWith ITS SO % Change

Daily wehicle Mies Traveled

M or-Carpool 100,723 216 [ 100,872 4654 149 245 0.15%

i arpool 459 A0 496470 -2 938 -0.559%

Transit 136,282 136,282 o 0.00%
Daily vehicle Hours Traveled

M on-Carpool 3,392,935 3,388,261 <574 -0.1%

Carpool 14,730 14 637 -G3 -063%

Transit 8,280 8,127 -154 -1.85%

Table 9-18. SOV/SOV With ITS Daily Person Milesand Hours Traveled

Regional Travel: Daily Person Miles and Hours Traveled

Change
(SO WIth I TS
heasure = SOV wWith ITS SO % Change

Daily Person Miles Trawveled

M or-Carpool 146,286 496 | 1465408 472 152 976 0.1%

i arpool 1,652 651 1,643 251 -5 508 -057%

Transit 3,611,342 3,648 774 37432 1.04%
Daily Person Hours Traveled

M on-Carpool 4,853,145 4 844 476 -5 568 -0.2%

Carpool 48 551 48 277 =274 -056%

Transit 431,567 431,218 -348 -0.05%

Table 9-19. SOV/SOV With ITS AM Peak Person and Vehicle Trip Comparison

Regional Travel. AW Peak Period Persan and “ehicle Trips

Change
(S0% with ITS |
hWeasure =l SO with TS SO % Change
AM Peak Period Trips
Person Trips 3,187 917 3,187 816 -100 0.00%
Mon-Carpool YWehicle Trips 2117 831 2117 036 -7 95 -0 04 %
CarpoolYehicle Trips 16 BE7 16 37 -449 -0.30%
Transit Persaon Trips 135 546 136 543 og7 0.73%
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Table 9-20. SOV/SOV With ITSAM Peak Vehicle Milesand Hours Traveled

Regional Travel: AM Peak Period “ehicle Miles and Hours Traveled

Change
(SO% with TS
heasure oo SO with ITS =0 % Change

Al Peak Wehicle Miles Traveled

Mon-Carpoal 19970 192 19 994 532 24 /90 0.1%

Carpool 377 280 375 379 -1 801 -0.50%

Transi 34 458 34 458 1] 0.00%
Ahd Peak Vehicle Hours Traveled

Man-Carpool a09 453 a03 014 -1 439 02%

Carpool 13555 13,469 -57 -064%

Transit 2171 2,132 -39 -181%

Table 9-21. SOV/SOV With ITS AM Peak Person Milesand Hours Traveled

Fegional Travel: AWM Peak Period Person Miles and Hours Traveled

Change
(S0% with ITS |
Measure Sy SO with ITS SN % Change

A Peak Person Miles Traveled

Mon-Zarpoal 30,7593 398 305816 234 22 836 0.1%

Carpool 1247 586 1241 449 £ 137 -0.49%

Transit 1,229 272 1,238 916 9 G445 0.78%
Abd Peak Person Hours Traveled

Mon-Carpool 1,235,309 1,232 928 -2 381 02%

Carpool 44 773 44 450 -313 -0.70%

Transi 130 443 130 052 -381 -0.29%

Table 9-22. SOV/SOV With ITSAM Regional and Subarea Vehicle Trips

Fegional And Sub-Area Vehicle Trips: AW Peak Period

Change
(SO with ITS -
S SO with TS e AN % Change
Fegional Mon-Carpool 2117 831 2117 03 -7o5 -0.04 %
SubAres Mon-Carpool 237 340 339755 2417 0.72%
% SubAres NoreCarpool 15.93% 16.05%
Regional Carpool 16 57 16R37 -449 -0.30%
Subdrea Carpool 4 551 4 5590 -B1 -1.23%
% Subdyea Carpool 2R 29.39%

Table 9-23. SOV/SOV With ITS AM Peak Screen Line Vehicle Volumes

A Peak Period Screen Line volumes (Vehicles)

SCreen Ling SO S with (TS % Channe
Ship Channel (35 112 045 114,011 1.75%
Lake YWashington (321 43 400 44 046 1.49%
County Line (421 a4 503 &5 031 0.50%
Locust Way (43) a6 714 a3 222 2.66%
128th Street SV (46) g2 554 82 261 -0.35%
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Table 9-24. SOV/SOV With ITS AM Peak Non-Carpool Vehicle TripsTo, From &

Through the Subarea
2020 Al Peak Pariod MoreCarpool Trawel To From Throuoh Simulation Ares
S Sioh with TS % Change

Wehicle | Average [Average| Yehicle | Average| Averade| Vehicle | Averade| Average
Trips |Digance| Tire Trips | Digtance] Tire Trips  [Digtance| Time

Frorm:
1= Simulation area [ 211,257 .86 14.82] 211,537 5,91 13.594 D13%) 087Y%| -6E55%
2= Corridar Sauth 16,037 7400 16.37 16507 739 1332 293% ) -0.15%) -18 63%
3= Corridar Morth 43 A48 10.90]  30.19] 43 369 10.892]  31.54 0A1%) 070%) 448%
4= Outside Corridar | AB 398 A0.09] 114.18] AT 845 49 76| 111.29 218%) -065%| -253%
To
1= Simulation area [ 234159 Q23 2419] 2344508 926 23452 015%) 037%) -280%
2= Carridar Sauth 44 551 14.39] 34.53| 45,350 14.32]  31.61 1.79% | -050%| -8.47%
3= Corridar Morth 16,317 16.73]  41.58] 16,399 17.01 4740 DA% 1.36%) 1.98%
4= Qutgide Corridar | 42,313 43,250 104.75] 43501 43 94] 10254 281% -064%]) -211%

Overall 337,340 15.28) 36.50] 339758 15.39] 3563 072%) 063%] -241%

Listance in hiles, Time in Minutes

Table 9-25. SOV/SOV With ITSAM Peak Non-Carpool Person Trips From and To the

Subarea
2020 A Peak Period Person Trips From and To the Simulation Area
SO with SO with
From 1 to SO TS % Change Tol from SN TS % Change

1 309,140 | 506571 -0.83% 1 J09140 | 306571 | -0.863%
2 85 F34 87,1590 1.52% 2 22 a5 23617 | 423%
3 13035 15005 [ -0.250% 3 Bk J6G b7 3958 | Oh4%
4 25 205 29 280 3.84% 4 32203 J3m05 | 4.33%
5 Fil<ll F37 ] -1.73% 5 21503 21467 | -019%
] 817 a2 | -2890% a] 19 544 19524 | -0B1%
P 345 334 | -3.19% 7 11573 M7 | -0.47%
Cverall 437 F26 | 437 BB 0.00% Chverall 484000 [ 484000 | 0.00%

1=5imulation Area, 2=5South Corridor, 3=Horth Caorridor, 4=King, 5=5nhamish, G=Fierce South, Y=lzland=s+0Olmpic P.

9.3.2 Sub Arealmpacts. Reiability, Delay Reduction, and Travel Speed

At the subarea level, the addition of ITS to the SOV Expansion alternative significantly reduces
travel time variability, improves throughput, and reduces traveler dday. Asin the Baseline vs.
ITS Rich pair-wisecomparison, the largest impacts areseen in heavy demand and extreme
weather cases with small but still positive impacts in scenarios closer to average demand, clear
weather and no accident conditions. While delay reduction and travd time variability
improvements aresimilar to those seen in the Baseline vs. I TS Rich comparison, the increase

in annualized subarea throughput is significantly higher for the SOV + ITS Rich vs. SOV
comparison (10.2% vs. 4.3%).

The magnitude of the ITS impactsin the SOV expansion case was a surprise relative to our a

priori expectations. Given that SR99 had been upgraded to a grade-separated expressway
facility with no signal control of any type along its length, we had expected that the impacts of
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the adaptive signal control system would be lessened on a corridor-wide basis. Given that one
of the key components of our ITS enhancements would have alessened impact, we might
expect a smaller impact of deploying the overall package of ITS enhancements. However,
particularly examining the impact on throughput, one may argue that the impact of ITSis
actually higher in the SOV capacity expansion case than in the Baseline (Do Nothing) case.

Thereason for ITS having alarge impact in this caseis that the SOV Capacity expansion
alternative and the upgrade SR99 expressway facility can be characterized as having “ brittle”
performance. When travel demand is close to average conditions or lighter than averageand
weather conditions are clear, the new SR99 expressway facility efficiently handles traffic dong
its length, both in terms of through movements and traffic exiting at grade-separated
interchanges with the adjacent arterial grid. Travel timesin these cases are improved for trips
that typically use SR99. When the travel demand is high or capacity is reduced from weather
impact, the upgraded SR99 facility’ s performance breaks down to a point that travel times
actually exceed those associated with the pre-upgrade signalized arterial facility.

SR99 Expressway breakdown is afunction of the narrow right-of-way accorded the new
facility. The number of opportunities to exit the upgraded SR99 expressway facility and access
the adjacent arterial grid are reduced since only a subset of the signalized intersections along its
length have been converted to grade-separated interchanges. This resultsin high off-ramp
utilization along SR99. Reliance on these off-ramps becomes problematic because they are
relatively short and end with signals. These short ramps cannot hold many vehicles attempting
to exit SR99, and if signal controllers at their terminus are set to relative long cycles, then we
see periodic queue spillback into the expressway fecility. The simulation model accurately
reacts by severely crimping expressway carrying capacity when this condition occurs, resulting
in backups in the SR99 expressway mainline. These periodic breakdowns become persistent
breakdown conditions when travel demand is high or under poor weather scenarios.

ATMS control asimplemented in the SOV + ITS aternative helps to mitigate the impact of
SR99 breakdown. In these cases the adaptive signal control system senses the queue buildup on
the off-ramp and extends the ramp’ s green phase to flush vehicles off of the ramp/mainline and
onto the arterial grid. The minor arterials see worsened service as the green phase for the off-
ramp is progressively extended, but from a system perspective, keeping the SR99 mainline
from breaking down is the most critical factor in reducing overall delay.

Note that the brittleness of the SOV aternative could not have been predicted using only the
regional model. Under average conditions, the SOV dternative appears to have amplecapacity
at the SR99 interchanges. Since the regional model does not consider the periodic queue
growth from traffic signals or spillback, a breakdown along SR99 does not occur. Clearly there
are non-ITS solutions to the off-ramp problem: wider right of way at interchanges, revised
interchange design, more interchanges, etc. However, it islikely that these issues would not
have been addressed until the engineering design phase of the alternative. Knowing at the
planning phase that the new SOV facility had this performance characteristic is a critical
element either taloring the alternative definition or in the comparison of alternatives.
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Delay Reduction. Impacts of the SOV + ITS aternative are illustrated as delay redudions with
respect to the SOV Capacity Expansion alternative. Figure 9-12 illustrates the conditions where
the addition of ITS was most effective in terms of absolute minutes of delay saved per traveler.
The largest delay reduction occurs in scenarios with incidents on SR99 (EG2) or I-5 (EG1),
heavy demand scenarios (NE4, NE5, NE7, ND7, ND8), and weather/accident combination
scenarios (ES1 and EW4).

Figure 9-13 illustrates delay reduction from I TS taken on a percentage basis with respect to the
SOV alternative. The highest delay reduction isin the 20-30% range in cases with major
incidents (EG1, EG2) or high demand (NE4, NE5).

On an annualized basis, average traveler delay is reduced by 2.2 minutes per travele per day,
from 13.86 to 11.65 minutes per traveler per day. This represents a 15.9% reduction in traveler
delay per year.

Throughput. Figure 9-14 illustrates the increase in throughput realized by the SOV + ITS
alternative relative to the SOV alternative. Increases of 12-15% can be observed in high
demand cases, regardless of accidents or weather impacts. Thisincrease in throughput is
related to the breakdown conditions experienced along SR99 under the SOV adternative, which
ismost sensitive to higher-than-average travel demand.

On an annualized basis, throughput in the SOV + I TS alternative increases to 185,565 vehicles
per AM peak period (6:15 —8:30 AM trip starts) from 168,338 vehicles. Thisincrease of
roughly 13,223 vehicles per peak period represents an increase in throughput of 10.2%.

Risk of Significant Delay. Figure 9-15 illustrates the conditions under which the risk of
significant delay has been significantly reduced from the addition of ITS to the SOV
alternative. Therisk of significant delay is much higher in the SOV alternative than in the
Baseline alternative because of the SR99 breakdown phenomenon.

On an annualized basis, the percentage of trips at risk of significant delay is reduced by more
than half to 8.5% in the SOV + ITS alternative compared to 18.3% in the SOV alternative.
Note that the reduced risk of significant delay associated with the SOV + ITS caseis higher
than the Baseline (Do Nothing) alternative (8.5% vs. 7.4%) indicating that I TS mutes but does
not eliminate breakdown conditions on SR99.

Coefficient of Trip-Time Variation. The coefficient of trip-time variation in the SOV
aternative is 0.39. Applying thisto atrip with an expected duration of one hour (normally
distributed), atraveler would have to budget just over an hour and 39 minutesto arrive at the
trip destination on-time 95% of thetime In the SOV + ITS case, the coeffident of trip-time
variation is reduced to 0.30. The addition of TS retums subareatravd to roughly the same
level of travel time reliability associated with the Baseline (Do Nothing) alternative (.30 vs.
.31). Under the constraints of our example one-hour trip, atraveler would have to budget an
hour and 29 minutes in the SOV + ITS case to arrive at the trip destination on-time 95% of the
time.
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Percentage of Vehicle-Km of Travel By Speed Range Figure 9-16 illustrates the impact of the
SOV + ITS dternative on travel speeds by facility over ayear. The percentage of travel by
speed range for each of the facility types (freeway, expressway, urban arterial, and HOV lane)
is plotted with the SOV and SOV + ITS dternatives shown side-by-side. Overall, the SOV +
ITS aternative can be characterized as providing faster travel across all of the facility types. In
particular, slow travel (<20 mph) is reduced significantly for the freeway, expressway and
urban arterial facilitiesin the SOV + ITS alternative.

Expected Number of Stops per Vehicle-KM of Travel. Figure 9-17 illustrates the impact of the
SOV + ITS dternative on the stops per vehicle-km over a calendar year. The percentage of
travel logged with corresponding number of stops per kilometer of travel is plotted with the
SOV and SOV + ITS aternatives shown side-by-side. Overall, the SOV + ITS aternative can
be characterized as providing smoother travel, particularly for freeway, ateria, and
expressway fadlities.
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9.3.3 Capital & Operating Costs

The SOV Capacity Expansion Alternative provides for the conversion of SR99 north of N 59"
Street to an expressway for adistance of 14 miles. The total incremental capital cost of the
SOV Capacity Expansion Alternative is estimated at $337 million beyond the Baseline
Alternative, including over $90 million for right-of-way acquisition. However, the costs for
HOV/transit fadlities and services are expected to decrease by about $0.3 million rdative to
the Baseline Altemative. Costs for HOV /transit facilities decrease because the transit system is
operating more eficiently on SR99 sofewer new articulated buses are required. This
alternative also includes the widening of a3 mile section of SR 525 between SR99 and |-5.
High cost construction elements of the SOV aternative include the following:

» Conversion of 14 miles of urban arterial to urban expressway ($86M)

» Construction of ninenew urban expressway interchanges ($96M)

» Construction of new grade separated arterial crossings of the expressway at nine
locations ($44M)

The capital cost estimated for the SOV Capacity Expansion Alternative Plus ITS is $374
million. This additional $37.1 million over the SOV dternative aone for implementation of
ITS. The ITS elements here are similar to those in the ITS Rich alternative but designed to
complement the SOV Capacity Expansion. The level of investment in communications and
traffic management for the SOV Capacity Expansion Alternative is slightly higher than that
associated with the ITS Rich Alternative since the SOV Capacity Expansion includes
additional roadway that would require some additiond ITS costs. In this dternative, the costs
for HOV/transit facilities and services are expected to decrease by about $6 million relative to
the Baseline Alternative, for the same reasons that these costs decrease in the ITS Rich
Alternative.

Aswith ITSRich, O&M oosts are not expeded to be alarge factor for the SOV Capacity
Expansion Alternative. Theincrease in O& M costs over the Baseline Alternative is estimated
at about $1 million per year, which is associated with the additional lanes of SOV capacity.
The SOV Capacity Expansion Plus I TS is estimated to reduce transit operating costs by $4.6
million. However, additional ITS O&M costs are incurred because of the additional lanes of
SOV capacity. The net result is that the SOV Capacity Expansion Plus I TS has estimated
incremental O&M costs over the Baseline Alternative of $101,000.

9.3.4 Environmental Implications

No explicit environmental evaluation was conducted as a part of this study. However,
implications for environmental impacts can be made from selected results. At the regional
level, oneresult for the SOV + ITS aternativeis that although transit mode share is increased,
longer auto tripsresult in anet increase in AM peak VMT of 0.15%. At the regional level, the
implications from the SOV + ITS aternative is that overdl travel increases. Thisincreain
VMT impliesincreased emissions.
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At the subarealevel, however, the implications for emissions are generally positive. Travel
takes place at generally higher speed, and low-speed travel is significantly reduced. For
example, travel under 20 mph is cut by 50% for freeways and 34% for arterial facilitiesin the
SOV + ITS aternative when compared to the SOV alternative. The number of stops per
vehicle-km of travel isaso reduced in the SOV + ITS alternative by 12% for freeways and by
32% for arterials. A reduction in low-speed travel and less frequent stopping overall implies
that emissions may be reduced from smoother traffic flow in the subarea.
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94  HOV/Busway vs. HOV/Busway PlusITS

Table 9-26. Detailed Summary, HOV/Busway vs. HOV/Busway PlusITS

2020 Alternative Companison Summary
How Busney + TS versus HOMNEY 4
HON Buswney
Meazure of HOV Buswney +ITS Change % Change
E ffectiveness [HBase) [ITS At [ ITSA-Baze) [Chng/Base)
coional Travel: Thns . . = Traucle
Dajly Traved
Crailv Person Trit:us1 16.457 504 16.457.500 -4 0.00%
LY Person Trips 15,858 202 15,853,849 -4 353 -000E%
HOW Person Trips 71,808 71,794 -112 -01E%
Tranzit P erson Trip 475 929 480 387 4 455 0.94%
A0 Peak Period Travel
Al Perzon THps
LY Person Trips 2595 711 2994 B53 -1,053 00045
HOW Person Trips 53,829 53,845 -84 -01E%
Tranzit P erson T 138 243 123937 1,074 0.78%
At P erson Miles
LOY Person Miles 30,629 646 30,672,265 42 642 0.14%
HOY Person Miles 1,234 5344 1,231 956 -2,3585 -0.19%
Tranzit Person Mile 1,200 280 1,208 037 S EED 0BT
AM P erzon Hours
Lo Person Hours 1,240 424 1,237 867 -2.85T7 -0.2%
HOY Person Hours 43752 435 654 83 -0.21%
Transit P erson Hour 152 045 131,904 -143 -011%
A Average Trip Times
L% Person Trip Time 2484 2480 -0.04 0175
HOW Person Trip Time 4871 45 68 -0.03 -0.0E%
Transit P erson Trip Time 271 S6.51 =050 -0 65%
Al L OY Yehide Trip 2117 059 216,095 -961 -005%
A L oY Yehide Mile 19,549 3534 19,8587 516 a5 452 0.19%
A HoM Vehicle Tris 16 637 16 609 28 0175
And HON Vehice Mile a3 7eS IF2ME -a45 S0 2%
A Subarea Trips
Lo Wehide Trips 331 831 335,297 3316 1.00%
% of Region 15.7% 15.8% 0.16% 1.04%
HOY Yehicle Trips 4 570 4 553 A7 -0.35%
% of Region 28.3% 20.2% -0.05% -0.18%
Lo Wehide Trip Speed 2442 25 41 009 4 079
Sub Area Impacts: Delay Reduction, Beliabjlity, and Level of Service
A0 Peak Period Travel
Throughput (finished trips) 177,260 153,595 G599 3.7%
| Delay Per vehide Trig 13,03 1043 -2.60 -19.9%
Time Coef Of Yarjation 02y 02 005 7%
| Fizk of Severe Delgy 5.2% 525 -30% -36 89
e Slowe Travel (= 20 mph)
Freeunays 14 6% 5.3% -6.3% -43.2%
Arterisl o7 9% S0 7% -7 2% -12.4%
% Travel with =1 opkm
Freewnays 14 2% 14.0% -0.2% -1 4%
Arterigl 25 795 25 T 0.0% 0.0%
|[Capital & Operating Cost
| Annual Capital Cost 378 0581 F53110 35 029 5.44%
Annual Db Codt $44 415 F435.521 -5397 -2 2%
Anpygl Total Cost P22 409 326 BN B4 93 327

1 Daily person trips from trip distribution. Person trips by mode may not sum to daily total due to rounding.
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9.4.1 Regional Travel; Trips, Times, Mode Choice, and Miles Traveled

This section details the change in regional impacts resulting from the HOV/Busway with ITS
aternative as compared to the HOV/Busway alternative, summarized in Table 9-26. Note the
infrastructure enhancements of this alternative include a barrier-separated HOV facility on I5,
an arterial HOV facility on SR99, and 13 new regional express bus routes. The regional MOEs
include trip count, length, and mode statistics by vehicle and person for daily and AM peak
period travel. Also detailed are AM peak period statistics on vehicle screen line volumes,
regional and subareatrip shifts by vehicle and person, and average vehicle trip length and time
by area. In addition, comparisons are made, when relevant, from the HOV/Busway and
HOV/Busway with ITS set of alternative to the set of Do Nothing/TSM and ITS Rich
alternatives and the set of SOV and SOV with ITS alternatives.

The predominant trends resulting from I TS enhancements to the subarea, given the
HOV/Busway infrastructure and services, are similar to those in the Do Nothing/TSM to ITS
Rich transition. Regional impacts are relatively small in magnitude given that the subarea
where ITS implementation is proposed is a small subset of the region as awhole. Impacts on
trips traversing the subarea, however, are larger. Regional trends from implementing ITS,
given the HOV/Busway enhancements, include a shift from auto modes to transit, an increase
in subarea vehicle trips, a decrease in regional vehicle trips, and an overall shift toward longer
and faster trips.

Tables 9-27 through 9-29 summarize the daily person and vehicle travel for the region. The
same overall person trip productions and attractionswere used as inputs for all alterndives.
Thus, the number of person trips remains the same but trips are reoriented. By implementing
ITS elements on top of HOV/Busway infrastructure, transit service speeds increase by 1.8%
regionally. Regional daily transit use increases, teking trips away from the auto modes. Transit
use also shifts toward commuters with longer trips. Even though HOV/Busway with ITS has
the highest transit ridership of al the alternatives considered, the shift to transit from ITS
implementation given HOV/Busway enhancements is not as strong as the transit shift from the
Do Nothing/TSM to ITS Rich aternative. Thisis reasonable since the HOV/Busway
alternative already has 1.3% more transit riders than the Do Nothing/TSM alternative due to its
additional transit service. The transit shift from ITS implementation given HOV/Busway
enhancements is greater than the shift toward transit resulting from the installation of ITSto
the SOV alternatives since in the SOV alternative the auto mode also benefits from the capecity
improvement.

By introducing ITS elements to the HOV/Busway alternative non-carpool vehicle trips
decrease slightly at the regional level. The change in carpool vehide tripsis not statistically
significant. Daily non-carpool auto miles, however, increase by 0.24% while daily non-carpool
auto hours decrease by 0.10%. Daily carpool auto miles decrease by 0.11% while daily carpool
auto hours decrease by 0.43%. These statistics indicate faster average auto travel speed and
longer averagetrip distance at the regional level.
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The 14 new regional express bus routes in the HOV/Busway alternative increase the regional
daily transit miles by 15.5% or 21,000 miles and decrease the daily auto miles by 136,000 from
the Do Nothing/TSM alternative (comparison of Table 9-6 and Table 9-28). The daily person
miles for transit use increases by 180,000 whereas the person miles for auto use decreases by
240,000 from the Do Nothing/TSM to the HOV/Busway alternative (comparison of Table 9-7
and Table 9-29). These statistics indicate that the atractiveness of the HOV infrastructure is
overshadowed by the attractiveness of the transit enhancements in the HOV/Busway
alternative.

Tables 9-30 through 9-32 provide regional statistics for the AM peak period corresponding to
the daily statistics presented above. Trends of regional transit share in the AM peak are for the
most part similar to those of daily transit travel. Trangt share incresses and transit saviceis
faster with the implementation of ITS to the HOV/Busway alternative. One difference is that
more short trips make use of the transit mode in the AM peak. With the addition of ITS
capabilities to the HOV/Busway infrastructure, non-carpool vehicle trips decrease; but
compared to the total trip volume, the decrease is not significant. These trips are slightly longer
and faster. Carpool trips at the regional level during the AM peak are slightly shorter and
faster. Asin the daily carpool vehicle trips, the magnitude of change in regional AM peak
period carpool vehicle tripsis not 9gnificant.

Tables 9-33 and 9-34 illustrate the impact of ITS components on throughput and trips attracted
(diverted) to thesubarea given the HOV/Busway infrastructure isin place. Table 9-33 presents
the AM peak period vehicle tripsto, from, and through the subarea. The number of AM peak
non-carpool vehicle trips at the regional level decreases by less than 0.05%; however, the
number of AM peak subarea trips increases by 1.00%. This indicates that although the corridor
ITS elements are masked when overall regional statistics are examined, they do make a
significant change in subarea corridor travel. Specificaly, ITS elements in the subarea attract
approximately 3,320 more vehicles to the subarea for some portion of their trip over the
HOV/Busway alternative. Thisis approximately the same shift as seen in ITS Rich versus the
Do Nothing/TSM alternatives.

The HOV/Busway alternative has the fewest number of subarea corridor vehicletrips
compared to all other aternatives (comparison of Table 9-11, Table 9-22, and Table 9-33). In
this alternative passengers shift to transit regionally and no diversion of vehicle tripsto the
subarea takes place. With ITS enhancements to the HOV/Busway alternative adiversion of
vehicle trips to the subarea does occur. Still, the total number of vehicle trips through the
subareais less than the SOV alternatives and the ITS Rich aternative.

The diversion of trips to utilize the subareais a so reflected in the AM peak period screen line
volumes shown in Table 9-34 (Figure 9-1 provides the location of each screen line). The screen
line volumes show more noticeable percent changes than the overall regional travel measures
as they capture more localized effects, mode split impacts, and travel diversion impacts. The
Ship Channel and Locust Way screenlines show the highest increase in travel reflecting the
attraction caused by the ATM S signd improvements.
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Table 9-35 provides a breakout of the AM peak non-carpool vehicle trips that travel to, from,
and through the subarea by origin and destination areas. The areas are defined as (1) the
subarea, (2) the area south of the subarea within the North Corridor influence area (3) the area
north of the subarea within the North Corridor influence area, and (4) the area outside the
North Corridor. These regions are mapped in Figure 9-2. Table 9-35 reveals how the number,
length, and duration of trips are interrel ated and interact due to I TS improvements®

Also of notein Table 9-35 is that more of the vehicle trips originating from each of the four
regions make use of the subarea for some portion of their AM peak period tripsin the
HOV/Busway with ITS alternative than in the HOV/Busway alternative. Moreover, the vehide
trips making use of the subarea are on average longer yet require significantly less travel time.

Table 9-36 details in person trip statistics the shift in subarea AM peak travel resulting from
ITS enhancements. Figure 9-3 presents graphically the seven regions. The distribution of trips
changes as aresult of the ITS enhancements to prompt more trips from the subarea to the
immediately adjacent regions (2,3, and 4). Thisincrease in trips from the subarea to adjacent
regionsis offset by fewer trips remaining entirely within the subarea or traveling el sewhere.
With ITS, more person trips from the adjacent regions are also made to the subarea during the
AM peak period.

In summary, introduction of ITS to the HOV/Busway alternative, causes small but significant
impacts at the regional level. These include a significant shift to transit mode, increased
corridor mobility, afunneling of trips from surrounding regions through the subarea, an
average lengthening of trips, and an average decrease in trip time Redistribution of travel is
significant, causing more trips from the subareato enter adjacent areas, and causing more trips
from adjacent areas to enter thesubarea. The introduction of 13 regional express bus routesin
the HOV/Busway dlternative attracted a significant number of person trips away from the auto
modes to transit use.

Table9-27. HOV/HOV with I TS Daily Person and Vehicle Trip Comparison

Fedional Travel Daily Person and Yehicle Trips
Change
(HOW with I TS
hieasure HCh HCh with | TS HCh % Change
Daily Trips
Person Trips 16457 S04 16457 500 = 0.00%
M or Carpool Wehicle Trips 12,084,794 12,080,570 -3 924 -0.03%
Carpool Wehicle Trips 22183 22145 -38 -0.17%
Transit Person Trips 4755929 480,587 4458 0.94%

2 Both impacts of the regional recurrent delay analysis and the rolled up travel time impacts of the simulation representative day

analysis are captured in the trip time values.
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Table9-28. HOV/HOV with ITS Daily Vehicle Milesand Hours Traveled

Fedgional Travel: Daily Wehicle Miles and Hours Traveled

Change
HOW with I TS
hEasure HOY HON with TS HOW % Change

Daily Vehicle Miles Traveled

Mor-Carpool 100,122 416 100,367 616 245,200 0.24%

Carpodl 454,465 455,561 -504 -0.18%

Transit 157,143 157,143 o 0.00%
Daily Wehicle Hours Traweled

MoreCarpool 3,395,397 3,391,095 -1,301 -0.1%

Carpoal 14 451 14418 -33 -0.253%

Transit 2160 3,935 -162 -1.77%

Table 9-29. HOV/HOV with ITS Daily Person Milesand Hours Traveled

Regional Travel Daily Person Miles and Hours Traveled

Change
(HOW with I TS
heEasuUre HO HO with | TS - HCK) % Change

Daily Person Miles Traveled

Mon-Carpool 1453443 216 145,725 936 282,720 0.2%

Carpool 1,633,970 1,632,132 -1,838 -0.11%

Transit 3,775,392 3,815,790 40,358 1.07%
Diaily Person Hours Trawveled

Mon-Carpool 4,861,765 4,549 521 -12.144 -0.2%

Carpool 47 59 A7 492 =204 -0.43%

Transit 436,367 436 648 281 0.05%

Table 9-30. HOV/HOV with ITSAM Peak Person and Vehicle Trip Comparison

Regional Travel Al Peak Period Person and YVehicle Trips

Change
(HOW with I TS
heasure Hoh HCh with | TS H ok % Change
Ahd Peak Period Trips
Person Trips 3,187,883 3,187 818 -R3 0.00%
Mok Carpool Yehicle Trips 2,117,029 2,116,098 -951 -0.05%
Carpool Yehicle Trips 16,637 16,609 -28 -0.17%
Transit Person Trips 138,243 139,317 1,074 0.78%




Table9-31. HOV/HOV with ITSAM Peak Vehicle Milesand Hours

Traveled
Fegional Travel: AW Peak Period “ehicle Miles and Hours Traveled
Change
(HOW with TS
Measure HOY HOW with 1T= HO) % Change

Abd Peak Vehicle Miles Travele

Mon-Carpool 19 849 334 19 887 816 3o 482 0.19%

Carpool 33763 32018 -345 023%

Transt 39 974 39 974 0 0.00%
Ahd Peak Vehicle Hours Traveled

Mon-Carpool g812 342 811015 -1 327 -0.2%

Carponl 13,264 13,239 -25 -1.19%

Transt 240 2372 -38 -1 57 %

Table9-32. HOV/HOV with ITS AM Peak Person Milesand Hours Traveled

Fedional Travel: AM Peak Penod Person Miles and Hours Traveled

Change
(HOW with I TS
heasure HOy HON with (TS HCOW) % Change

A Peak Person Miles Traveled

Mon-Carpodl 30,629 546 30,672,285 42 52 0.1%

Carpool 1,234,344 1,231,956 -2 5388 -0.19%

Transit 1,300,265 1,308,937 8663 0.67%
Ahd Pealk Person Hours Traveled

MoreCarpool 1,240 424 1,257,867 -2 557 -0.2%

icarpool 43 782 43 639 -93 -0.21%

Transit 132 048 131 904 =143 -0.11%

Table 9-33. HOV/HOV with ITSAM Peak Regional and Subarea Vehicle Trips

Fegional And Sub-Areaehicle Trips: Al Peak Perod

Change
(HOW with TS -
HO HOY with | TS HOW) % Change
Fegional MNorn-Carpoal 2117 058 2,116,093 -961 -0.05%
SubArea Non-Campool 331,981 aa5.297 3,316 1.00%
%o Subdrea MNon-Carpool 15.68% 15.85%
Fegional Carpool 16 537 16 609 -2d -0.17%
SuhArea Carpool 4,870 4,853 -7 -0.35%
% SubArea Campool 2H.27% 2H.22%
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Table9-34. HOV/HOV with ITS AM Peak Screen Line Volumes

Al Pealk Period Screen Line Volumes (Vehicles
=icreen Line HiZh HIZW with TS Y Change
=hip Channel (55) 107, 166 104, 796 2.45%
Lake Washington [32) 44,728 44 556 1.89%
County Line (42 T4 240 75458 1 B%
Locust Wiy (43) a7 a0z 59407 2.78%
1 28th Street S (46) 76,268 76 952 0.91%
Table 9-35. HOV/HOV with ITSAM Peak Non-Carpool Vehicle Trips To, From &
Through the Subarea
2020 Ak Peak Period Mon-Carpool Vehicle Travel To, From, and Through Sirmulation &rea
Hiv HO wath ITS % Change
Yehicle |Average [Average| Vehicle | Average | Average| “ehicle | Average | Average
Trips | Distance| Time Tripg | Distance| Time Tripg | Distance| Time
Fraorm:
1 =Simulation area | 211,43 [ 557 1489 | 211 R12] 574 1438 | 0179% [ 1.20% [ -3.41%
2= Cortidor South 15003 | 724 1618 | 16430 723 1304 | 3329% [ -012% [-19.41%
3= Corridor Marth 41243 | 1011 | 2993 [ M B3| 1015 | 2789 | 1.44% | 042% | -630%
4 =0utside Corridor | B3E92 | 4967 | 11558 | G540 4931 | 11223 | 287% | 073% | -323%
To;
1 =Sirmulation area | 233786 [ 896 226 (23336 903 2291 | 026% | 075% | -555%
2= Corridor South 42129 | 1412 | 3484 [ 43055 ] 1403 | 3358 | 220% | -O063% | -362%
3= Corridor Marth 15412 | 1440 | 3723 | 16857 1485 | 3767 | 283% | 313% | 1.19%
4 =Qutside Corridor | 406554 | 4862 | 10676 | 42000) 4828 | 105365 | 331% | -0.70% | -200%
Crerall J31.881 [ 1473 | 3615 | 336597 | 1486 | 3509 [ 100% | 083% | -302%

Distance in Miles, Times in Minutes

Table9-36. HOV/HOV with ITSAM Peak Non-Car pool Person Trips From and To

the Subarea
2020 Al Pegl Penod Person Trips From and Tothe Smulaion Area
HOW wath HOW with
From 1to]  HOW TS Yo Chiance Tolfrom |  HOW ITS | % Change
1 11,961 3727 -104% 1 1961 308727 | -1.04%
2 53417 25404 Z2.38% i 22805 23797 | 435%
3 12,782 12,962 141% 3 B 958 65796 | 1.24%
4 2782 28538 401% 4 31,820 23535 503%
5 JE) 743 -2 24% 5 20977 20895 | -015%
8 H32 212 -376% G 19528 19440 | -045%
7 253 329 -397% 7 11,861 11,810 -043%
Crverd| 37 626 | 437 625 0.00% Cverd 4584000 | 484000 0.00%

1=Srmulation Area, 2=South Corndor, 3=Morth Corndar, 4=king, 5=Snhorish, B=Fierce South, 7=ldands+0lyrpic F.
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9.4.2 Sub Arealmpacts. Reliability, Delay Reduction, and Travel Speed

Overall, the addition of ITS to the HOV/Busway alternative reduces traveler delay, increases
throughput, and cuts travel time variability. The largest impacts are seen in weather, high
demand, and incident cases. Small but still positive impacts on delay and throughput are
observed under average demand and lower-than-average travel demand days.

The HOV Busway alternative can be characterized as the most reliable of the three non-ITS
alternatives — that is, the measure of travel time variability islower than in the Baseline (Do
Nothing) or the SOV alternatives. However, there is still significant delay in the transportation
system, particulaly for non-HOV travelers. The HOV alternative isparticularly sensitive to
weather impacts especially on freeway facilities. Overall freeway loading in the general -
purpose lanes can be observed to be higher and runs “at the margins’ for a substantial portion
of the peak period. When weather conditions bring down the effective carrying capecity of the
freeway and increased freeway congestion results, the adaptive ITS components (ATIS and
adaptive traffic signal control on the arterials) are able to redistribute demand more efficiently
inthe HOV + ITS alternative. Because of the large number of days where weather is afactor in
Segttle, this addition of ITS resultsin asubstantial reduction in system delay with respect to the
HOV alternative (19.9%). The overal roadway system is not as heavily utilized as in the SOV
alternative, however, so improvements from the addition of ITSin the HOV alternativein
throughput are modest in comparison (3.7% vs. 10.2%).

The measures used to characterize system impacts derived from the subarea simulation are
delay reduction, throughput, coefficient of trip time variation, risk of significant delay, travel
by speed-range, and expected number of stops per km of travel. Annualized impacts are
reported for each of these measures. Further, for delay reduction, throughput, and risk of a
significant delay, the probability mapping of the scenario set is used to highlight the conditions
under which ITS had the largest impad.

Delay Reduction. Figure 9-18 and 9-19 illustrate the effectiveness of ITS in weather related
conditions for theHOV alternative The highest levds of absolute delay reduction occur in
combinations of weather and average-to-above-average demand conditions (EW1, EW3, EWS5,
ES1), heavy demand (ND7, ND8, NE7), and in the two major incident scenarios (EG1, EG2).

On an annualized basis, average traveler delay is reduced by 2.6 minutes per travele per day,
from 13.03 to 10.43 minutes per traveler per day. This represents a 19.9% reduction in traveler
delay during a calendar year.

Throughput. Figure 9-20 illustrates the increase in throughput realized by the addition of ITSto
the HOV alternative. Throughput improvements are highest in the heavy demand cases (ND7,
ND8, NE7), aswdl asin the set of weather scenarics.

On an annualized basis, throughput in the HOV + ITS alternative increases to 183,858 vehicles

per AM peak period (6:15 —8:30 AM trip starts) from 177,260 vehicles. This increase of
roughly 6,599 vehicles per peak period represents an increase in throughput of 3.7%.

9-47



Risk of Significant Delay. Figure 9-21 illustrates the conditions under which the risk of
significant delay has been significantly reduced in the HOV + ITS alternative. Highest impact
can be seen in heavy demand and weather cases. Small increases in risk can be observed for a
few scenarios featuring average demand and a few accidents (NE3, NE4, NE5). Thisislikely
the result of the adaptive ITS systems over-reacting to relatively small pertubationsin the
system. In these cases, ATIS users may be making unwarranted diversions end up increasing
risk of severe delay.

On annualized basis, the percentage of trips at risk of significant delay isreduced to 5. 2% in
the HOV + ITS aternative compared to 8.3% in the HOV aternative.

Coefficient of Trip-Time Variation. The coefficient of trip-time variation in the HOV
aternative is 0.27. Applying thisto atrip with an expected duration of one hour (normally
distributed), a traveler would have to budget just over an hour and 27 minutesto arrive at the
trip destination on-time 95% of thetime Inthe HOV + ITS case, the coefficient of trip-time
variation is reduced to 0.23. Under the constraints of our example one-hour trip, the same
traveler would have to budget an hour and 23 minutesto arive at the trip destination on-time
95% of the time.

Percentage of Vehicle-KM of Travel By Speed Range Figure 9-22 illustrates the impact of the
HOV + ITS alternative on travel speeds by facility over a calendar year. The pearcentage of
travel by speed range for each of the facility types (freeway, expressway, urban arterial, and
HOV lane) is plotted with the HOV and HOV + ITS alternatives shown side-by-side. Overall,
the HOV + ITS aternative can be characterized as providing faster travd across all of the
facility types, but with largest impact on freeway facilities. Low-speed freeway travel (<20
mph) is reduced by 43% in the HOV + ITS aternative.

Expected Number of Stops per Vehicle-KM of Travel. Figure 9-23 illustrates the impact of the
HOV + ITS alternative on the stops per vehicle-km over a calendar year. The percentage of
travel logged with corresponding number of stops per kilometer of travel is plotted with the
HOV and HOV + ITS dternatives shown side-by-side. Overall, the HOV + ITS aternative can
be characterized as providing smoother travel, particularly for freeway, HOV lanes, and
expressway faalities.
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9.4.3 Capital & Operating Costs

The HOV/Busway Alternative includes a continuous, barrier-separated HOV lane on I-5 from
downtown Seattle to SR526 in South Everett by year 2020 (about 25 miles). It also includes
implementation of barrier-separated HOV lanes on SR526 and SR99 (from downtown Seattle
to N 59" St), 14 miles of arterial HOV lanes on SR99 extending north from N 59th St, a
freeway-to-freeway HOV comnector and various direct access ramps. This atemative also
includes transit improvements, including atransit lane on SR522; the addition of several new
regional express bus routes with frequent service; and construction of several park-and-ride
lots. The construdion and modification of HOV lanes along SR99 (about 18 miles) represents
the most significant cost in this alternative. Costs for widening the SR99 bridge alone are
estimated at about $47 million; estimates for implementing barrier separated HOV lanes on
SR99 from downtown to N 59" Street are about $29 million; and 14 miles of new arterial HOV
lanes along SR99 is expected to cost more than $102 million. In addition, the upgrading of 15
miles of HOV laneson I-5 so that they are barrier separated increases the cost estimate for this
alternative by about $114 million since each HOV lane requires its own 10 foot shoulder inside
the barrier.

This alternative is a comprehensive package of improvements affecting over 60 miles of HOV
lanes on I-5, SR99, SR522, and SR526. The incremental cost of the HOV/Busway Alternative
relative to the Baseline Alternative is estimated at $868 million, which makes it the most costly
aternative. Aswas described previously, however, many of the items included in the
HOV/Busway Alternative are improvements that have not been seriously considered by the
Washington State Department of Transportation or others. In addition, in this case study capital
improvements in the HOV/Busway Alternative were made to over 60 miles of roadway on four
facilities, while in the SOV Capacity Expansion Alternative capital improvements were made
to about 17 miles of roadway on only two facilities. Therefore, this case study should not be
used to compare general SOV capacity improvements to general HOV capacity improvements.

High cost construction elements of the HOV/Busway alternative include the following:

e Construction of 25 miles of new arterial transit lanes, two directions ($183M)

» Upgrade of 15 miles of paint-stripe separated HOV lanes to barrier-separated lanes, two
directions, which require an additional 10 feet of right-of-way in each direction inside
the barrier ($114M)

» Construction of 9 miles of new freeway barrier-separated HOV lane, two directions
($79 M)

* Maodification of the I-5/1-405 interchange to accommodate direct freeway-to-freeway
HOV connector ramps ($71M)

» Construction of two “Texas-T” interchanges for direct access into the HOV lanes
($62M)
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» Construction of four miles of barrier-separated HOV contra-flow lane on the I-5
Express Lane Roadway between the University District and downtown Seattle,
including atransit-only ramp accessing the lane from NE 42nd Street ($5/M)

* Widening of the quarter-mile long Aurora Bridge on SR99 for the addition of HOV
lanes in both directions ($47M)

Other high cost estimate items include $48M for an additional 119 new transit vehicles
necessary for provision of the inareased transit service proposed. Note that right-of-way costs
that have been estimated for the two capital-intensive alternatives did not differ significantly. It
might seem counterintuitive that right-of-way costs for the SOV Capacity Expansion and
HOV/Busway Capacity Expansion Alternatives were about the same since the HOV/Busway
Alternative included improvements to many more lane miles than the SOV Alternative. The
costs were about the same since the SOV Capacity Expansion aternative required about three
times as much right-of-way on SR99 as the HOV/Busway alternative. Because SR99 is more
developed than I-5, right-of-way costs on SR99 are expected to be higher than right-of-way
costson I-5.

The HOV/Busway Plus I TS Alternative includes the HOV/Busway Alternative plus essentially
the same communications and traffic management investments presented in the ITSRich
Alternative. The communication element is comparable in cost to the ITS Rich Alternative
with adlightly higher investment in the transit vehicle interface component. Note that the

HOV /transit facilities and services cost in this aternative is about $4 million less than the

HOV /transit facilities and services cost in the HOV/Busway alternative. These costs are
reduced because in the HOV/Busway Plus I TS Alternative fewer new buses are required due to
the transit operating efficiencies created by the ITS improvements. Overall, however, the
additional investment in ITS elements for the HOV/Busway Plus I TS Alternativewould cost
an estimated $34 million dollars more than the HOV/Busway Alternative.

Incremental O& M costs for the HOV/Busway Alternative are estimated at over $39 million.
Thisincludes the additional O& M costs associated with roadway widening, construction of
direct access ramps, and additional park and ride lots. Not surprisingly, the largest contributor
to the incremental O& M costs is the additional transit operating and maintenance costs relative
to the Baseline Alternative, which are a direct result of the increase in transit routes, runs and
associated fleet size. The HOV/Busway Alternative Plus ITS would have estimated

incremental O&M costs relative to the Baseline of $37.8 million. Thisis slightly lower than the
incremental cods of the HOV/Busway Alternative since this alternative has lower transit
operating costs due to increased transit system effidencies.

9.4.4 Environmental Implications

No explicit environmental evaluation was conducted as a part of this study. However,
implications for environmental impacts can be made from selected results. At the regional
level, oneresult for the HOV + ITS aternativeis that athough transit mode share is increased,
longer auto trips result in anet increasein daily VMT of 198,902 miles from 100,122,416 to
100,367,616, a0.24% increase. In the AM peak, VMT increases at roughly the same rate,
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0.19%. At the regional level, then, the implications from the HOV + ITS aternativeis that
overall travel increases. Thisinaeasein VMT impliesincreased emissions.

At the subarea level, however, the implications for emissions are generally positive. Travel
takes place at generally higher speed, and low-speed travel is significantly reduced. For
example, travel under 20 mph is cut by 43% for freeways and 12% for arterial facilitiesin the
HOV + ITS alternative when compared to the HOV alternative. The number of stops per
vehicle-km of travel isalso reduced inthe HOV + ITS alternative by 1.4% for freeways. A
reduction in low-speed travel and less frequent stopping overall implies that emissions may be
reduced from smoother traffic flow in the subarea.



10. Lessons L ear ned: | ssues and Observations

What are the lessons learned from the Seattle Case Study and the advicethat can be givento
others wishing to conduct similar corridor analyses incorporating ITS? This section provides
Mitretek insights from the Case Study and other similar efforts. The lessonslearned are
categorized into eight topic areas which are:

Alternative definition

Model integration and consistency
Large scale simulation issues
Scenario devel opment

Feedback

Costing

Data Issues

Resource use and analysis effort.

Each topic is detailed in the subsections that follow.

10.1 AlternativeDefinition

This section provides a few observations concerning lessons learned in the definition of
aternatives for a corridor study, and in particular the sensitivity to and addition of ITS
elements in each aternative.

| TS services and elements may exist in each alternative or investment option, including
the DoNothing/TSM baseline. Defining the ITS-portion of the alternatives can be thought
of as an additional layer to (or extension of) the traditional capacity or service enhancements.
Aswith traditional elements, these ITS investment options should logically build or develop
from the do-nothing, to the TSM, to the build options, with each level including the elements
of the previous option. In order to discriminate between I TS investment options, the study
team paid particuar attention to which ITS elements were already a part of the Seattlenorth
corridor baseline, and which were to be defined as part of the builds (ITS Rich and the two
traditional builds). ITS services can and in many cases should be considered as part of all
potential alternatives, particularly the TSM option(s), where ITSisanatural fit. A
significant level of effort is needed to adequately define the ITS optionsif the goal isto be
able to distinguish their impact on the relevant performance measures. In addition, the
visibility of ITS should be such that it is easy to distinguish which specific ITS elements are
in each alternaive. Future efforts should be cognizant of these factors and be sure to
properly definel TS in each of thealternatives, induding accountingfor the ITS elementsin
the baseline options.

| TS services can belogically grouped into investment bundles o packagesin the
alternatives. ITS covers a broad spectrum of services or strategies for operating and
managing transportation systems. The study team found that grouping like services together
(ATMS services, ATIS services, APTS services, and Emergency and Incident Management
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services) helped to simplify decisions on which particular combinations of elements were
involved in any given alternative. The I TS services or investment packages can and
should betailored to complement the characteristics and policy objectives of any given
build alternative. In our case study, these principles were used, since the build with ITS
alternatives generally carried the same I TS enhancements as the ITS Rich aternative (a
common package), with minor tailoring to optimize the operating performance and mold to
the physical characteristics of the build.

Private sector and mar ket assumptionsfor servicessuch as ATIS must be carefully
addressed in defining the alter natives. The study team encountered the issue of estimating
market penetration for ITS services that depend upon the purchase of communications
devices or other equipment by the individuals using them. Market demand models for
personalized travel information and route guidance equipment are not available, or arejust in
their development stages. Consequently, separate levels of market penetration for these
services wereassumed as part of the alternative definition in this study. The alternatives also
need to have clear assumptions regarding the private sector provision of 1TS services such as
ATIS or personal mayday/collision natification systems. Alternatives defined under this
premise should have documented assumptions regarding public and private sector roles and
cost recovery mechanisms that will factor into the analysis of alternatives. Because the
horizon year for such a corridor study is often 20 years, these assumptions may be perceived
as speculative. In our study, we did assume that the private sector would provide ATIS
services and that user fees (e.g., monthly charges) would be used to recover costs, at |least for
the advanced pre-trip planning and dynamic route guidance services. However, sincethisis
aresearch case study and is not supporting an investment decision in Seattle, thereisno rea
risk involved if our assumptions do not materialize.

The system charaderisticsof ITS need to be properly accounted for when defining
alternativesin a corridor planning study. In addition to roadside and end user equipment,
central system functions and communications system(s) must exist, or be included in the
alternatives, to implement I TS services within a corridor. The center functions are
centralized and their impacts may not be limited to any given corridor. There may be
substantial initial and startup costs associated with implementing these center systems. Thus,
positioning these ITS elements within the alternatives and then allocating the fraction of their
costs which the corridor must bear (in relationship to the region) will influence the outcome
of theanalysis. In our study, the issue of start-up costs was not as pronounced, because the
existing ITS infrastructure allowed for an analysis of system “extensions’ or minor additions
to support the proposed I TS services

L evel of Detail. The analysis of costs and benefits (or transportation impacts) establish the
required level of detail and help to refine the alternatives, both for ITS and traditional
elements. The study team found that thinking through thedetail needed for modeling
and providing cost estimates for ced decisions which helped tofurther specify the
alternatives. For example, the cost analysisforced decisions on hardwar e, software,
communications, and traffic management operators, while the regional and simulation
modeling helped establish the assumed oper ating char acteristics of the alternatives
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(frequency of updates, level of information provided, etc.). Aswith any similar study,
consistency is needed between the assumptions used in the cog analysisand the
modeling (benefits) analysis.

Alternative Refinement. The use of asimulation analysis can be used to refine and tailor
the alternativesto achieve significant performance improvements In our study, we found
that conducting the simulation analysis resulted in a number of refinementsto the
alternatives, bath of the ITS and traditional build elements. For example, the final ATMS
system that was usad as part of the ITS Rich alternativewas changed from the initial system.
Through simulation, we discovered that aform of gridlock control (a different algorithm and
operating strategy) was required in and around the University District. This feature was
designed, tested and added to the set of final ATMS strategies. Implementation of this feature
led to significant improvements in the throughput and travel time results. Without the use of
simulation, we would not have been alde to discover and define thisimproved ATMS
approach.

10.2 Model Integration and Consistency

If there is an area where Mitretek learned the mast in conducting the Seattle Case Study itis
that of integration and consistency between the regional forecasting process and sub-area
system simulation. Significant “lessons” occurred in several areas. First is the need to
analyze and merge the network coding requirements of the two systems as early in the study
as possible. Simple automatic conversion routines are unlikely to work. Second, how each
model system defines the volume / delay relationship on the network and capacity of the
system must also be accounted for in the development of the integrated process. Regional
models allow volumes to exceed capacity to show system deficiencies and latent demand.
System simulations treat capacity as absolute and cannot account for future scenarios where
demand greater than the system can carry is predicted. Third, are the issues and lessons
concerning the sub-area windowing/scoping and the interface between the two model
systems. Traffic simulations typically cannot address a complete region in their analyses.
They provide more detailed information on a sub-area of the region represented in the
regional process. Information on the travel patterns and network performance of the sub-area
must be transferred from the regional process to the simulation and back again. Last, isthe
need for calibration/validation of the integrated system. The system simulation validation
must account for the regional model information initsvalidation. The regional model
validation must account for changes in coding requirements and network performance
provided by the simulation. Each of these areas is discussed separately below.

10.2.1 Network Coding

The network coding process and some of its issues were described previously in Section
7.3.3: Transportaion Service Representation. This section focuses on the observations /
lessons learned during the Case Study that we did not necessarily understand at the beginning
of the effort. These include both affirmation of the importance of some assumptions, and
new observations. The importance of carefully analyzing the networks, the existing regional
coding processes and the simulation model requirements during the study design cannot be
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over-emphasized. Hopefully, if the insights and issues discussed below are addressed early in
the project design the pitfalls and problems encountered (and overcome) as part of the Seattle
Case study can be avoided in future eforts.

Regional Forecading and Simulation Modd Parameter Asessment. A critical first step
Is adetailed evaluation of the coding requirements and assumptions of the regional
forecasting and simulation packages to be used. This should include a one-to-one
comparison of all network parameters and limits as well as an evaluation of the behavioral
assumptions within each model (How does each model handle overloads, muitiple class
assignments, minimum path selection, etc.). The more that is known and accounted for at the
beginning of the project the fewer the problems will be as the project progresses.

While a comparison was made early in the project between the PSRC Regional Model
network coding in EMME/2 and the INTEGRATION 1.5x simulation model requirements, a
number of coding issues still arose as the project progressed. These included:

I Impact of very short link coding. The regional (EMME/2) networks used
“dummy” links (0.01 miles) to connect general purposeand HOV lanes, and to
help represent access configurations. The coded 0.01 miles were greater than the
supposed minimum link length of the INTEGRATION simulation model (0.005
km). However, the simulation model stores vehicles on the link itself and a
vehicle cannot be on more than onelink at atime (no patial vehicles). Thus,
when alink isvery short only one vehicle can be processed through it per
simulation time step and a virtual bottleneck is created. This problem was not
overcome until a practical minimum of 0.15 km (0.09 miles) was used for all link
lengths. In Micro amulations, short link lengths may also introduce unreasonable
weaving / following behavior because of the link level look ahead function
required for lane changes.

Maximum link length. There was effectively no restriction in the regional model
system and alimit of 6.0 kmin the simulation. This had its most significant
impact on the external approach links which tied the rest of the region to the sub-
areain the focused simulation network.

Differencesinturn penalties and restrictions. These are allowed and coded on all
intersection movementsin the regional networks. The simulation model allowed
only one movement from alink to be restricted at atime. The impacts of the
differences in turning movement representation were discovered late in the
aternative development and required adjusting the node/link representation and
topology of the intersections affected. Special care must be taken to account for
turning movement coding issues at the beginning of the process especially when
specific aternatives may depend on turning representation (HOV alternatives and
access management).

Maximum links in/out of anode. The simulation model allowed 9 links in/out of
anode whether the links were zoneconnectors or nat. Thiswas inconsigent with
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the regional network coding especially for the external link connectors from the
region to the sub-aea. Specia coding conventions had to be devel oped to adjust
for this.

Centroid connector coding. Special attention should be spent on how each model
represents zones and their connection to the network. Regional models usually
use special nodes (zones) and connectors. Simulation systems may allow vehicles
to originate or be destined to any node. In older versions of INTEGRATION the
internal assumption was that all zoneconnectors havealength of 0.1 m.
INTEGRATION made this assumption to force all access points to a zone to have
the same impedance. However, regional zona geography may be coded in the
networks which necessitates different lengths. The INTEGRATION version used
for the Seattle Case Study was adjusted to account for this. Also, one should
understand the impacts of centroid connectors connected at mid-block versus at
intersections (corner connectors). Corner connectors may have severe impads on
intersection throughput in simulation models.

Length, Speed, Time relationships. Most regional model systems code link
impedance (time) directly and do not require a consistent link length to be coded.
Thisis especially true for ramps, zone connectors, and other specid links.
Calculated speeds in these cases may be misleading and/or unrealistic. On the
other hand, simulation systems often use distance and speed to derive impedance
and require redistic geographic (Euclidean) network representation to operate
correctly. Significant effort was made to make sure the networks met the
additional Euclidean coding requirements of the simulation system.

Network units and compounding error aggregation. As one converts from one
coding scheme to another, special atention must be given to insuring that overall
distances and times along a route remain the same. Thisissue arose in two ways.
First, as interchange coding was added to the regiona networks and minimum
link lengths adjusted for simulation there was a tendency to increase the overall
length and time along aroute. Checks had to be made to ensure that this did not
occur. Second, &sthe networks were converted from English to metric units
truncation tended to reduce overall distance along aroute. Again, special checks
had to be carried out to account for this.

Consequently, networks had to be re-coded and/or new conversion processes developed as
each of the above issues were addressed. A formal review of the model parameters and
assumptions to be used in a study as part of the study design is therefore recommended.
Some specific parametersto check are:

Default units for distance, time, and speed

Link Length minimum and maximum

Link Speed minimum and maximum

Link Time minimum and maximum (may not be the same as derived using the
minimum and maximum lengths and speeds)

Link Capacity definition, minimum, and maximum
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Number of lanes, minimum and maximum

Number of legs in/out of a node

Coding/treatment of turning movements and prohibitions

Node and link numbering conventions

Allowable mode or vehicle type conventions

Link type definitions

Node type definitions

Centroid connection coding conventions (path restrictions, mid block
connections, direct demand generation, etc.)

Link Volume/Delay function parameters

Node Volume/Delay function parameters

Additional parameters required by the system simulation and not found in the
regional networks, or vice-versa (jam density, speed at capacity, signal timing,
etc.)

As much as possible inconsistencies between the regional forecasting and simulation model
coding parameters should be resolved and coding procedures acceptable to both developed. If
necessary, re-coding of the regiona networks within the area covered by the simulation
should be carried out. Thisis essential to minimize validation and consistency issues later in
the process.

Network Topology And L evel of Detail. After the parameters and the impacts of each
model’ s assumptions have been assessed the topology and detail required for each must be
examined. Again, the Seattle Case Study experience showed that it iscritical that the
network representation within the study area be exactly the same (or as close as
possible) for both the regional and simulation model systems. Thiswill usually require
additional detail to be added to the regional networks. For example in the Seattle Case Study
each interchange had to be expanded from a single node in the original networks to show dl
ramps and overpasses (see Section 7). Lessons learned in this effort are described below.

I Genericinterchange and network expansion routines are not recommended. Initially,
a set of interchange types were defined and an attempt was made to develop a generic
interchange expansion procedure. Asthe work progressed it was found that each
interchange’ s configuration was different enough to make this approach impractical.
If the differences were ignored and generic configurations used the simulation did not
perform realistically. Therefore each interchange had to be examined and expanded
individually. This proved to be atime consuming but criticd effort.

Simulation capacity constraints can cause bottlenecks dueto zonal
representation/centroid connections. As discussed in the next section simulation
models treat “capacity” differently than regional flow based models. In simulation
models capacity can never be exceeded. Practically, this means that the simulation
models are much more sensitive to local gridlock due to high volumes entering the
network from zonal access points than regional models. The initia regional
assignment should beexamined for congested conditions & or around zone access
points. Additional centroid connectors should be added to existing zones, or zones
disaggregated into smaller zonesiif it looks like they will cause excessive loading on
the links they connect to. Also, signalized intersections in general should not have
zone connectors attached to them. Last, where possible, the number of zones
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connecting to an individual intersection should be minimized. Thisisimportant since
simulations often do not give equal priority to all connections, and alarge zone
connector may effectively dominate an intersection and restrict theaccess from all
other zones during the simulation. A cursory zonal access and capacity evaluation
during network development can avoid significant network issues later in the analysis
phase of a project.

Network Resolution and ItsImpact on Parameters. In developing the network coding
one must also decide on the network resolution/detail and determine itsimpact on the coding
parameters. This can mean developing additional link types and facility representations. In
the Seattle Case Study, for example, the new facility types that were defined and coded
included ramp meters, high speed ramps, low speed ramps, and local access links. Each had
different characteristics that were important to separate in the sub-area simulation.

The network resolution also impacts what the coded link characteristics of each model
system represent and the capacities and other parameter conversion between them . Figure
10-1, and Table 10-1. provide some of the differences between regional planning and
simulation models that need to be accounted for in the coding.
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Table 10-1. Regional Planning ver sus Simulation Model Comparison

Regional Planning Model Simulation Model
M acroscopic M esoscopi ¢/Microscopic
Static “Flow” Oriented Dynamic: specific representation of
operations and vehicles through time
Link based impedance functions Mid block link, and intersection

impedances, queuing
Replicates corridor “through” conditions Captures conditions at each location
Each link independent. Characteristicsdo | Represents queues and spillbacks from link

not depend on conditions/flow on other to link. Each link’ s performance can

links depend on the flows of other links

Coded characteristics represent “average” Represents conditions and signal operations
conditions and operations (e.g. signal at each specific time

timings)

As can be seen in Figure 10-1 regional model link characteristics are usually based on
average through conditions. Coded capacities and speeds are designed to reflect travel
through the corridor. On the other hand the coded parameters in simulation models depend
on the resolution of the network and which intersections are explicitly coded and which are
not. Intersection capacities, signal timings, and queuing are coded at the intersection nodes.
Link capacities and speeds represent the “ effective” mid block conditions of the link
excluding the coded intersections but accounting for the background intersections not
captured in the network detail. As more or less network resolution is coded these mid-block
parameters will change. The resolution of the network and what is NOT represented
explicitly in the simulation therefore needs to be understood when devel oping the network
coding and the cornversion of parameters from the regional planning modds.

Accounting For Additional Simulation Variables, Last isthe need to code additional
variables required for simulations but not used by regional planning models. Theseinclude
such parameters as speed at capacity, jam density, intersection control type (uncontrolled,
stop sign, isolated Sgnal, coordinated signal), and priarity / signal coordination corridors
Even though these are not needed in the regional model system, it is highly recommended
that variables representing them be devel oped and added to the regional network databases.
This allows automated conversion routines to be developed. Also, and perhaps more
importantly, it allows the information to be mapped and displayed in comparison with other
regional network variables. Most simulation tools now available are very weak in the
geographic display of the networks and their input variables. On the other hand this one of
the strengths of most regional model systems and/or GIS systems.

10.2.2 Network Capacity and Trip Deferral

Large increases in forecast travel demand aremore likely to present modeling problemsin
the ssimulation analysis than in the regonal flow-based analysis. Link volume-to-capacity
ratios exceeding 1.0 or 2.0 are routinely dealt with inaregional model such as EMME/2
wheretravel timeis calculated by a closed form equation in the flow-based assignment
module. In asimulaion model, however, when demand exceeds link capecity the result is
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gueue formation. Queue formation and dissipation is handled routinely by the simulation
engine if the over saturation conditions do not persist indefinitely. However, the regiona
model projects steady-state demand for a peak period. Therefore, if over-saturdion is
indicated for a particular link in the regional model, it is by definition an "indefinite”" over-
saturation situation for the ssmulation model. The dynamic assignment function in the
simulation is helpful in dealing with such situations, rerouting vehicles for some period of
time from paths cortaining over-saturated links to lesscongested facilities. Even with
dynamic assignment the simulation may report uncontrolled queue growth in forecast
networks with high travel demand. This uncontrolled growth can have a substantial negative
impact on overall corridor modeling by distorting overall sub-area dday and substantidly
overstating travel times for particular origin-destination pairs.

Demand overload can either be alocalized phenomenon constrained to a particular persistent
bottleneck link or afunction of complete screenline saturation. Localized bottlenecks are
always a feature in models of congested urban roadway system, but in some cases the delays
associated with these bottlenecks are unredlistically large. Thisoccursfor avariety of
reasons. In some casesit is because there is some error in coding for the particular link. In
other cases near the edges of the network, long queues occur when origins producing large
numbers of trips are not adequatdy linked into several aternative entry pointsinto the man
network. Where network access or network errors have been addressed, a flatter distribution
of travel demand over the peak period is often utilized to represent an aggregated time
shifting earlier and later in the peak period.

In the North Corridor, this technique was used to accurately balance demand along 1-5
southbound in the AM peak period. Another potential adjustment isthe deferral of some
travel demand into the off-peak period where peak period travel speeds are paticularly slow.
In this study, we used a threshold of 10 miles per hour as a minimum acceptable speed when
determining whether a portion of origin-destination travel demand flow should be deferred to
the off-peak period. Thisis helpful in addressing unreasonable delays from individual
origin-destination pairs. Finally, feedback to the regional model with respect to trip
distribution also blunts the impact of origin-destination pairs with high delay. The use of
these techniquesis highly dependent on overall network travel demand. In the 2020
DoNothing/TSM Baseline case, nearly 5% of all travel demand is deferred into the off-peak.
In comparison, the validation test suite, based on circa 1997 conditions, sees amost no
deferral at all (0.2% of trips) because the overall travel demand is much lighter than in the
2020 time frame.

10.2.3 Interface and Sub-Area Windowing

The interface and sub-area windowing process used in the case study is described in Section
7.5. 1t concerns the process of sizing and windowing/focusing the sub-area simulation
network and systeam, and then devel oping the procedures to transfer theregional forecast
networks and datato the simulation process (and possibly back again). This section first
describes the lessons learned and issues regarding simulation sizing and then
windowing/focusing, and finally the network conversion.
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Simulation Area Sizing. From the model parameter analysis and comparison (see Section
10.2.1) one should know the limits of the sub-area simulaion model system chaosen for usein
acorridor study and the likely constraints that will be encountered. For the Seattle Case
study the number of links and the maximum simulated vehicles turned out to be the critical
factors.

Sub-area simulation models often have link and node limits much lower than those in the
regional networks used for regional forecasting. Consequently, the network coding
conventions and sub-area sizing need to take these limits into account. First, expansion of
single intersection nodes to detailed interchanges and the addition of mid-block centroid
connectors can significantly increase the number of nodes and linksin asub-area. A
cloverleaf interchange expanson for example can add anywherefrom 4 to 12 nodes and 12 to
20 links to the network. Every mid-block connection adds at |east a node and two links.
Second, the horizon year network must be used, and allowances must be made for the unique
coding associated with each altemative. In altemative comparisonsit isimportant not to
reuse node and link numbers to represent different locations and fecilities in separae
aternatives. In sizing the sub-area, an estimate therefore needs to be made of the additional
coding that may be required to examine the proposed alternatives. It isnot unrealistic to
expect an additional 20% requirement in sub-area nodes and links will need to be reserved
for aternative coding. Last, sketch network and external zone connector requirements cannot
be ignored in the overall node and link limits.

Sizing the sub-areato account for the sub-area simulation travel demand limitsis more
complicated than accounting for network constraints. Many simulation models place limits
either on the total number of vehicles (trips) during the simulation period, or the number of
vehicles on the network at any particular time. At the time of ssimulation network sizing, the
INTEGRATION Version 1.5 simulation model was constrained to represent no more than
350,000 vehicles during the ssmulation period (this was later increased to 450,000 vehicles
during the study). Sizing the sub-area to account for this constraint required developing
routines in the regional processto track all vehicles traveling over any link in the network
within a potential sub-area boundary. Important considerations and lessons learned tha must
be accounted far in determining thesize of the sub-area are:

Base the analysis on the maximum demand horizon year that will be investigated

(2020 for the Seattle Case Study)

I Account for the maximum demand variation seen in the representative day scenarios
for event or seasonal demand patterns

I Account for the diversion in routing due to the aternatives under consideration
demand

1 Account for the time variation in demand during the simulation period. Thisis more
important for simulation models that are constrained by the number of vehicles on the
network at any paticular time

I Travel from neighboring zones that remains on centroid connectors and never appears

on the simulation road network can be excluded.
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In order to take these factors into account one must size the sub-area for an average horizon
year demand that is substantially lower than the simulation model limit. This should be no
more than 70 — 75 % of the limit and depending on the network and study possibly lower.

Windowing/Focusing. Once the sub-area has been sized the focused network and zone
structure must be developed (see Section 7.5). Again, window extraction where the sub-area
issimply cut out of theregional network should not be used to evaluate I TS impects since it
does not account for route diversion between entry points, or the value of information to the
traveler. Asshown in Figure 10-2 afocused network has three areas

1 Thesub-area. Thisincludes the zone and network detail required for simulation,
and isthe primary area of concern for the study. All trips to/from/through the sub-
area are included in the ssmulation

The Sketch Area. This provides a critical buffer area of zones and links for
distribution of travel into the sub-area. Sketch network should be included where
the entry into the sub-area may change due to the congestion in the sketch area
caused by sub-areatirps. In the case study the Seattle CBD sketch network was
included for thisreason. Sketch network also needs to be included to capture the
relative impedances of different routes to the sub-area and avoid bottlenecks at the
sub-area boundaries. This became an issue in the northern boundary of the sub-
area during the case study.

The External Region. This area covers the remainder of the regional forecast area.
Aggregate zones are defined based upon how travelers may enter the network, and
on maintaining the general characteristics of the overal trip. It is presumed that
the sub-area trips travelling through the external areaare aminor percentage of
the travel in the area and will not cause a significant shift in congestion or routes
to/from the sub-area.

There are several additional factors that should be considered in devel oping the focused
system. First, the capacity of the links in the sketch network should represent the respective
share of capacity these vehicles have as compared to other trips. Vehicles traveling through
the sketch network should experience the residual capacity reductions due to the impact of
those vehicles that travel through the area but do not interact with the ssmulation network. It
should not be assumed that the modeled vehicles have 100% of the capacity of these links.
For example, if 25% of the vehicles represented on a sketch area link enter the ssmulation
area they should experience an effective capacity reduction equd to the capacity used by
75% of the vehicles not modeled.

Second, the sketch network near the simulation areamust allow for correct routing paths to
be assigned using the simulation. One issue that was learned early on isthat the relative
impeadances due to link length need to be maintained throughout the sketch area. For
example, access distance or timefrom sketch network nodes to the simulation area must
remain relative in order to maintain the correct routing strategies. Thus, relative travel times
between nodes in the sketch network and the simulation area should be maintained.
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Third, the simulation period should also be compared with the tripsin motion. When using a
focused network it may require a significant amount of simulation time for vehiclesto enter
the ssimulation or analysisarea. For example, the farther the demand originates from the
simulation area the earlier the demand generation should peak. This allows the heavy
demand to reach the network during the simulation study start time rather than having a
major portion of thedemand not appearing until much later in the peak period than normally
would occur.
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Figure 10-2. Simulation Focusing and Sketch Network Definition

Network and Demand Conversions. In developing a process to convert the networks and
demand from the regional process (EMME/2) to the sub-area simulation (INTEGRATION)
there where several compatibility issues that needed to be addressed. Automated procedures
were developed that accounted for most of them; however, afew are best solved by editing
thefilesdirectly. Issueswere also learned concerning converting severa different
alternatives and the relationships that need to be maintained between them. The major
lessons are summarized here and could be applied to other similar studies.

I External link lengths — EMME/2 is capable of modeling long links, however in
simulations lengths are often restricted and the differences must be accounted for by
splitting the regional network links. This can be particularly true when constructing
sketch networks. Increased areal coverage and sketch network link lengths may also
require increasing the simulation time to allow vehicles to reach the study area.

1 EMME/2 uses an implicit representation of capacity changes for signal control at

intersections. Insimulations, signalsare directly modeled and considerations for capecity
effects need to be included. To account for thisin INTEGRATION, capacity of links that
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exited to asignal was increased inversely proportional to the percentage of the green time
the link could discharge during acycle. Asarule-of-thumb, capacity of all links with
signal control should be doubled. These same adjustments in capacity should be made
for all build aternatives and then additional improvements superimposed to account for
ATIS adaptive signal control or other strategies.

When coding networks, Tables of Equivalent (TOE) nodes and links between the
planning and simulation models need to be developed. These TOE’s must account for
multiple alternatives and simulation networks. Node and link numbers should not be
recycled between alternatives. Node or link numbers should represent the same node or
link in every network. Thus, if they exist in one network but not in a second, the number
does not appear in the second network.

Simulations are inherently data hungry. It was found in building simulation networks
that several default parametershad to be established that were not included in EMME/2
networks. These included:

- Platoon Dispersion Factors: These are used to estimate how platoons of vehicles
progress through the network.

- Speeds at Capacity and Jam Density: Speed at capacity, Free flow speed, and jam
density are used to determine vehicle speeds on link as afunction of the flow rates.

In the Seattle Case Study speed at capacity was set as a percentage of free flow spesd
of the link which was obtained from EMME/2. Jam density was set to a default 120
vehicles per kilometer.

- Capacity adjustment factor: The direct conversion of freeway link capacities tended to
produce capacities for freeway linksin simulation that were too low since percent
trucks, directional factors and other average factors are often included in the regional
capacity calculations. This produced artificial bottlenecks on freeway links. To
correct for this the capacities of all freeway links were increased by 25%.

- Signal timing plans: Signal plans were unavailable to implement in the simulation.
However there is method that can be used to develop plans using the INTEGRATION
simulation model. Once a base network and static demand had been devel oped, all
signals can be coded with a default cycle length and phase split. Offsets can also be
easily be calculated. Using the INTEGRATION adaptive control algorithms the base
network can be run using the static demand and allowing timing plans to adapt. If the
simulation time is sufficient enough to allow the network to stabilize afinal signal
timing plan can then be copied from the INTEGRATION output and used as the
starting or fixed timing plan for future ssimulations. After completing this, only afew
signal-timing plans may still need to be manually adjusted.

Demand Conversions:. In conversion of demand from the regional model to the
simulation, total vehicle counts are subject to truncation of trips and budket rounding is
required to preserve correct totals. Thiswas found to be especially true for zones with
trips to many destinaions. It also occured when creding dynamic demands from static
demands. In all casesthisresulted inasignificant reduction in trips being generated in
INTEGRATION verses the demand provided by EMME/2 model. Even with bucket
rounding a global demand-scaling factor was required for the demand conversion process
to match overal trips. The factor was adjusted by scenario to produce vehicle generation
numbers that were compatible between the models.
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10.2.4 Integrated System Validation/Calibration

Some of the most important lessons learned from the Seattle Case Study regard the need for
an integrated sysgem validation/cdibration. Any timea forecasting processis carried out it is
important to apply the same procedures and coding principles used duringits
validation/calibration, or revalidate. This cannot be stressed enough when you are
integrating aregional process with a sub-area simulation. Key points to remember when
carrying out the revalidation are provided below.

Regional M odel Revalidation. Regional model revalidation should becarried out any time
network coding parameters have been modified or network detail added. At a minimum, the
enhanced regional network forecasts should be adjusted to match the previous “ validated”
regional model outputs. Checks need to be made on district-to-district travel, screenlines and
cordons in and out of the sub-areg, critical link volumes, and travel times. Thisisthe process
described in Section 8.1 that was used for the Seattle Case Study. If possible, additional
validation should also be carried out using the same data that is used for the sub-area
simulation validation.

Another important aspect of the regional model re-validation is an elasticity verification on
key dimensionsimpacted by ITS. It isoften the case that variables exist in the regional
model that are relatively stable when examining traditional aternatives but which shift
noticeably when ITSisintroduced. An exampleisthe calculation of expected wait time for
transit vehicles based upon the standard deviation in bus arrival times (see 7.7.4). Even
though the standard deviation in arrival times parameter existed in Sesattle' sregional
networks prior to the case study its value never varied. When it was adjusted to account for
improved reliability of buses caused by Advanced Transit Management it created an
unreasonably large shift in transit ridership (A 20 % improvement in bus on-time
performance has been seen to produce about a 1% system ridership increase, however, the
unadjusted model produces a 12.5 to 13.5% ridership increase). The adjustment process was
consequently not used. Therefore, if specific regional network or model parameters areto be
adjusted due to ITS, sensitivity analysis and reasonald eness checks mug be carried out to
check if the resultant elasticity to these parametersis reasonable.

Sub-area Simulation Validation Dimensions Validating an integrated process is
fundamentally different from avdidation typically carried out for atraffic simulation effort.
In an integrated process the simulation must use the information provided to it by the
regional process. This reduces the degrees of freedom and altersthe types of adjustments
that can be made in the simulation validation. Figure 10-3 highlights the relationship between
the regional and sub-area simulation validation efforts.

The regional model must be validated for and provide:
1 Overdl zoneto zonetravel patterns (number of trips, peak/off peak)
I Mode choice and occupancies (General purpose auto person and vehicle tirps,
HOV person and vehicle trips, trandt trips)
I Screenline volumes of trips entering and exiting the sub-area during the
simulation time period (AM Peak, PM Peak, or Midday).
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The sub-area simulation must use the above information and at a minimum be validated for:
1 Allocation of trips across the screenlines. Observed percentages of the screenline

total across each link should be matched. Note that thisis different than

validating to the actual volumes on the links. If the total screenline volume does

not match observed counts corrections must be made in the regional process and

not in the ssmulation.

The locations and duration of bottlenecksin the system.

The time variance of volumes entering and exiting the network (trip start and end
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Figure 10-3. Regional and Sub-area Simulation Validation Relationships

While the allocation of trips across screenlinesis part of the sub-area simulation validation
(since the simulations are designed to represent traffic operationsand queuing behavior while
regional modelstypically do not.) there should be general consistency between the regional
link volumes and the simulation volumes oneach major fadlity. (At least within generally
accepted tolerances for regional forecast validation by facility type. See the “Model
Validation and Reasonableness Checking Manual” FHWA, 1997). An assessment of the
consistency between major flows in the regional and simulation models should be made and
each model re-validated until the differences are acceptable. If total screenline volumes do
not match available data, re-examination of both models may also be called for.

Travel Time Variability Calibration. Over the course of the case study the importance of
calibrating the sub-area simulation to both the travel times through the network under
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average conditions and the travel time variability throughout the year became more and more
clear. The process used for the travel time variability calibration is described in Section 8.5.
Highights are:

I Obtaining the data on non-average, or unusual conditionsis crucia. If you are
anticipating conducting a study in a corridor in the near future, start the data
collection now. Collect data on volumes and travel times through the system. Do
not ignore the days with unusual conditions including inclement weather, inadents
and accidents, construction, and ather disturbances. Infact, if itispossibleitis
recommended tha more information be collected and saved for unusud events.
Calibrate to the 90™ percentile, average, and 10" percentile travel times through the
system for different trip starting times. This validates the buildup of congestion
within the period, and also the frequency of unusual conditions incorporated in the
representative day scenario definitions.

If the data are availableit is highly desirable to check the reasonableness of the
simulation assignments and travel times for sets of representative day scenarios
where global parameters are adjusted. An example iswet and rainy inclement
weather. Are the simulated volumes, travel times, and time variance of flows
similar to observations under rainy conditions? If construction exists on aroad
segment for an extended period of time (several days/ weeksto allow route
patterns to adjust) does the simulation replicate observations when the construction
restriction is coded?

These additional validation exercises will greatly increase the reliability of the simulation and
the estimate of annual benefits from the representative day scenarios.

10.3 Large Scale Simulation | ssues

Every traffic simulation has a unique modeling approach and each provides its own set of
strengths and idiosyncrasies. In this case study, specific issues arose with the tasks of
simulation modeling (particularly at the large scale represented). Resol utions of the major
issues are discussed in the following section along with techniques to increase efficiency of
implementing alarge set of smulations. Mainly, four sets of issues are discussed: sizing of
the study, process controls for simulation production, process controls for run verification,
and integer assignment for dense networks. L essons learned from this study’ s application of
large-scale simulation are explored below.

10.3.1 Resourceand Level of Effort Requirements

Resource and level of effort requirements depend on: the characteristics and size of the
geographic area represented, the level of detail in network representation, the number of
alternatives/variations to be modeled, and the variety of outcome measures to be gauged. In
programming the project these must befactored with the capabilities of the ssmulation model,
hardware and software constraints, data storage resources, and time limits for study
completion. These four factors are nontrivial, interrelated, and should be evaluated
concurrently to the extent possible in order to develop areasonable study design. The study
design must be executable with the available hardware and software and within the time and
budget constraints for the effort.
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Hardware Considerations. For the case study, the primary considerations were simulation
limits and time resources. As discussed in the last subsection the sub-area used for simulation
must be within the simulation model constraints for number of zones, nodes, links, and
vehicles within the ssimulation period. These not only set the size of the network but also the
computing requirements. For examplein INTEGRATION Version 1.5, the vehicle demand
constraint and number of zones proved to be the key factors in determining ssimulation’s size
and consequently the computing requirements. Once the sub-area network had been sized for
software demand constraints the amount of Random Access Memory (RAM) needed to run
peak period demands was determined. RAM had to be increased from 48MB on each
simulation PC to greater than or equal to 96MB. At lower levels of RAM it was a0
observed that although RAM may be sufficient to run the software, the need to swap data
from the RAM and the hard drive during simulation resulted in simulation slow down by a
factor of 2.5 or greater. Also, six computers were used in this study, each with a CPU clock
speed of 200 MHz or faster. Table 10-2 outlines the average network and computer
parameters of the study.

Table 10-2. Study Simulation Network & Computing Parameters

Average Simulation Networ k Dimensions Item Count
Node count 910
Link count 2,454
Maximum concurrent vehicle count on network 80,000
Maximum vehicle count of entire simulation 425,000

Computer Configurations Run Time (Hours)
Configuration 1 —200 MHz, 96 MB RAM, 6 GB HD 2.50
Configuration 2 —400 MHz, 128 MB RAM, 8 GB HD 1.75
Configuration 3 —450 MHz, 128 MB RAM, 10 GB HD 1.50

Processing Time Considerations There is a direct tradeoff between hardware and
processing time requirements. The six Pentium PCs along with their high levels of installed
RAM enabled Mitretek to run 3.5 hoursof simulation timein 1.5 to 2.5 hours of real time
and to complete the hundreds of simulation runs designed for in the study. More important
they allowed afull set of simulations for a representative day scenario to be carried out over a
weekend. The reasonable run times also made the task of visual error checking and
monitoring a simulation acceptable and management of the process easier.

The type of simulation process/software al so impacts run times and resources. The same
demand levelsif run at a micro-simulation scale through software such as CORSIM or
INTEGRATION 2.0 would increase real run time by afactor of 10 or more over the meso-
scale analysis used here. Moreover, with such a scale of representation, the task of network
calibration and demand validation would also increase in complexity by afactor of 10 or
more. For this study, other factors contributing to the computing burden include the level of
text/file output detail and graphical screen output updating.

Data Storage Condderations. Storage of input and output data is another major concern
when working with the large-scale simulations. Table 10-3 gives an example of the average
size of the set of input and output files for arun, scenario, and alternative. Note the maximum

10-17



storage size estimates in Table 10-3 are based on a conservative estimate of the level of
output and input variation that may be needed by a study.

For INTEGRATION, the most important input files to size data archiving needs include the
demand, the time saieslink travel time, and the time varying routing path files. For this
study 11 different demand outcomes, 18 different time variant link travel time outcomes, and
asingle time varying routing outcome were selected to represent variations in annual
conditions for each alternative. The defining factors in the size of these files include the
number of multipathing options chosen for vehicle routing, the number of vehicle
classes/types, the number of interchanges, and the timing interval for instilling time variance.
For example, by reducing the timing interval from 10 minutes to 5 minutes, the size of the
time serieslink travel time and routing tree files would double.

Table 10-3. Example of Average | nput and Output File Stor age Requirements

Average Size of Data Filesfor the Seattle Case Study

Study I nput Files Study Output Files

Maximum Sudy Maximum Sudy
One Simulation Run 85 MB 140 MB 50 MB
One Simulation Scenario* 85MB 560 MB 200 MB
One Simulation Alternative’ | 2550 MB 175MB® | 16800 MB 6000 MB

1 Based on the use of four random trials to account for randomness in system
2 Based on the choice of representing annual variability via30 scenariosfor each alternative
3 Alternative based scenarios with 11 demand, 18 incident, and 18 varying link travel time options

For each simulation, an array of output can be specified. Identifying at the start of the study
what data outputs are required for the study’ s specific needs will minimize archiving space.
Additionally, the sdection of the timevariant frequency of specific output will directly
impact the size of output files and consequently storage needs. For this study, input and
output data from the six alternatives were stored in 10 JAZ drives each with a1.0 GB storage

capacity.

In summary, lessons learned in programming the study desgn are: to give adequate
consideration to the computation needs, particularly the hard drive, RAM, and storage
capabilities; andto identify whether current computer and staff resources are sufficient to
complete the quantity of analyses desired in the time available.

10.3.2 Process Controlsfor Simulation Production

Over 1,080 individual simulation runs tataling 1,600 computer hours were required to
complete the simulations for this study. Each simulation run needs a unique set of input
files, generates corresponding output files, and requires a variety of data output post-
processing steps. 1n managing thislarge set of experiments, the use of a process control such
as automated batch filesis critical in verifying proper execution of experiments with minimal
direct staff oversight. For this study, the practice was to execute batch files on Friday
afternoons that would complete simulation sets by Monday morning. The week was then
used to analyze output data and prepare and check the next set of batch files for simulation
the next weekend.
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Batch files were used to automate the process of organizing the set of required input, starting
simulations, verifying simulation completion, archiving output, and conducting data pre/post
processing tasks. In practice, however, after the tasks of network calibration and validation,
simulation options were run on average 2.5 times due poor process controls early in the
study. Common errors included incorrect input file specification, incorrect specification of
output names or storage location, and improper ordering of batch execution commands. The
use of ateam checking process for batch file coding errors proved much more efficient than a
single staff preparing and reviewing batch files.

The most critical components in simulation execution verification are the use of automated
file and run naming conventions, time stamping of output files, and error message trapping
within the batch coding. Naming conventions for this study required differentiation of files
by alternative, scenario, random seed, and datatype. Irregularitiesin time intervals between
output files generated concurrently or in order flagged the occurrence of incomplee
processes. Error message trapping protocols stopped the execution of the batch file under
certain circumstances.

Another process devel oped to minimize simulation execution errorsis the implementation of
‘ghost runs.” A ghast run is the execution of a batch filewith scenarios having significantly
reduced simulation times to confirm that input data files are accessible, appropriate directory
structures exist, the batch file executes fully, and output files archive correctly. Once the
ghost run is performed, scenario simulation times are restored to actual times and the batch
fileis executed.

Also, for long batch execution set, Mitretek found effective the practice of pausing the batch
file after the first completed simuation run or dataprocesses set to verify that the output file
set generated did not contain any obvious errors in its production of MOEs. Then, the batch
filewasruninitsentirety. A final, quick check for unusual and error-driven resultsisthe
comparison of filesizes.

10.3.3 Process Controlsfor Run Verification

In conducting large-scale simulations, numeric listings and direct evaluation of the detailed
information are unrealistic. In many circumstances the datais too large to import into
standard spreadsheet packages When they can beimported, the shee number of dataitems
can prove incomprehensible in identifying individual trip, facility type or geographic
patterns. Thus, researchers must turn to aggregate statistics and geographic level pattern
analysesto verify that each ssimulation is reasonable.

The output format and types of data generated by the specific smulation model used in a
study can greatly facilitate or hinder data analysis. Mitretek developed error-checking data
post-processors to assess whether output data is reasonable. The first check for
reasonableness of output data was to compare travel time and throughput values aggregated
across the simulation period and origin-destination (OD) pairs among seeds, scenarios, and
alternatives. | ssues such as formated reading, cross column differentiation, and OD pair
matching were critical when devdoping programs for data analysis.
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A second run verification check is to evaluate the performance of specific fecilitiesaong a
corridor, and to evaluate the performance of pardlel facilities. Measures specificto
INTEGRATION indude link speed and flow by time interval.

Of equal or greater importance are statistics to assess reasonableness in performance
measures by important origin destination pairs across and within the simulation time period
prior to full-scale batch-based simulation running. Measures of aggregate statistics or link
subset verification can overlook or mask significant error in demand, routing or network
supply alocation. Statistical measures may vary by simulation model used. Measures
specific to INTEGRATION include average and variance in trip length, trip time, and
number of trips completed and unfinished. Large variancein trip lengths may result from
unrealistic switching between two very different route paths. Significant variance in trip time
may indicate difficultiesin vehicle entry into the network. These reasonableness checks are
equally important ater simulation when comparing altematives and scenarios.

Statistical analyses were performed to pinpoint outlier data and errorsin network coding and
routing; however, the importance of geographic pattern analysis can not be overstated.
Simulation models to date have had little support in the areas of geographic traffic pattern
evaluation. For example, trips from two adjacent zones to a common destination should have
similar travel characteristics. A third zone along the path of the two zones to the same
destination should have proportionate trip statistics. Such patterns based on geography or
facility type cannot be gauged effectively without geographical representation, particularly
for large areas. The absence of geographical analysis support was not as criticd when
simulations were limited to a handful of intersections or arelatively small corridor. When
dealing with largeregional areas asiswith this study, tools to verify geographic traffic
patterns are instrumental during the network development, calibration, and validation phases
aswell as during the data output evaluation phase. Measures such as travel time from an
important origin to dl destinations or from all origins to a 9ngle destination mgpped via
color coded ranges are invaluable in identifying unusual and possibly incorrect occurrences
in simulation coding.

For this study, Maplnfo was used in later stages to map travel time from all origin zonesto
the Seattle CBD zone for specific alternatives. From the graphical representation, key
observations as to the effectiveness of the sketch networks bringing trips into the simulation
region were made. The use of Maplnfo prior to full-scale simulation would have ssmplified
the task of identifying insufficient network entry supply or improperly coded network
characteristics. Comparisons between alternatives for measures such as trip time by origin to
a specific destination can aso serve as a reasonableness check on the impacts of
infrastructure or ITS initiativesin place.

10.3.4 Integer Assignment Issue for Dense Networks

When working withlarge area and time variant demand representation in simulation models,
the likelihood of generating OD pairs with very low demand increases. All else remaining
constant, the greater the density of OD pairs, the greater the percentage of the OD pairs with
very low demand. Low demand OD pairs, occurring in a highly time variant network system
can cause great variance in performance outcomes. This is because depature time of the few
vehicles of an OD pair can vary from one random trial to the next, and can trandate to large
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variances in trip performance measures. If meso-scale and more detailed simulations were
able to model non-integer vehicle counts, this would be a non-issue (as in the case of regiona
models) as fractional vehicles would be generated. To mitigate for this variability, a greater
number of random trials (random seeds) may be required for an OD network with sparse
demand. Figure 10-4 presents this relationship.

Demand Density
Fandom Trials

Time-Vartant Origin-Destination Pairs

Figure 10-4. Generalized Relationship between Demand Density & OD Pairs

For the case study, the simulation period is 3.5 hours. OD pairs with a vehicle count less than
35inthe 3.5 hours of simulation (10 vehicles per hour) were found susceptible to high
variability in outcomes. Statistics based on these small trip volumes are suspect and
vulnerable to large variances. In conducting statigical analyses, dtention should be given to
whether the departure times of the small sets of vehiclesfor an OD pair arerelatively similar.
If departure times are not similar and the vehicle count is particulary small, one should
consider omitting these outcomes from the time-variant statistical analyses.

For the average demand scenario in this study, about 84% of all OD pairs generate 35 or
fewer vehicles. This 84% of all OD pairs, however, account for only 34% of the total trafic
demand. This relationship is presented in Figure 10-5. Working with the INTEGRATION
simulation model, four random seeds proved sufficient to mitigate the problem of low
network demand density for most demand sets modeled.

10.4 Scenario Development

The development of the representative day scenaios is describedin Section 7.6. The Seattle
Case Study has established the importance of the representative day scenarios and capturing
variation in conditions in analyzing the impacts of I TS strategies and thar interaction with
the traditional components of a corridor study (infrastructure improvements, transit service).
Collecting the data for defining representative day scenarios, cleaning and analyzing it,
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Figure 10-5. Relationship between OD Pairs, Vehicles Generated, & Total Demand

combining the components into a consistent database, and determining the scenario divisions
isaextensive effort. Some of the lessons Mitretek |earned during the Seattle Case study are
described below.

Initial Data Cleaning. First, archival datafor each scenario dimension is likely to come
from different sources, be error prone, and inconsistent with other dimensions. Within each
dimension it iscritical that errors and noise in the data be removed as much as possible prior
to the scenario development. Otherwise, correlations between variables can be hidden and/or
unrealistic variation included in the analysis. Specid care should be gven to traffic vdume
data collected using automated traffic counters over an extended period of time and from
multiple locations. Averaging the data per day from multiple locations and time points
requires that all locations provide accurate information for all time periods, or
missing/questionable data be carefully imputed. Similar issues on reliability and
comparability of information can befound when multiple sources of acddent/incident data
areused. The more time that can be spent making sure the datais correct at the beginning of
the effort the better.

An alternative tousing archived information isto collect, analyze, and assemble the data
from multiple sources as it occurs (weather, accidents/incidents, volumes, construction, etc.).
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This ensures that each day’ s or peak period’ s information is combined, checked for
consistency, and issues resolved when the information is fresh. If astudy is being
programmed for next year, start collecting and assembling the information today.

Period of Analysis Second, one must understand the period on analysis and develop the
representative day scenarios around this unit. The Seattle Case Study assembled the data and
devel oped the scenarios for atypical weekday peak period in Seattle (this combined AM and
PM peak periods in the scenario devdopment). A diffeent variation in conditions would
have been observed, and different scenarios developed if the analysis had been carried out for
apeak hour, the midday, or for acomplete day. During the study design determine what
variation needs to be captured in the analysis and organize the scenario data around this unit.
In defining the period of analysis one should be aware of the following:

I Don’'t limit datato the time period in question, especially regarding volume and accident
information. Thisisvery important for reasonableness checking of the data, and
examining the correlation between some of the dimensions such as incidents and
volumes. In merging the dimension data by date and time slice it is often important to be
able to examine what was happening before and after the analysis period, especidly if
there are spillover effects from one time slice to another. 1f you only collect the peak
hour or period data you may be ignoring important information. Likewise, keeping data
as disaggregate as possible for aslong as possible in the analysis is recommended. For
example, keep al traffic, accident and weather information at the 15 minute or hour level
until after it has been combined rather than aggregating each to the peak three hours and
then combining them into the scenario analysis database. This alows error checking to be
performed if something looks suspicious.

The greater the time period/aggregation the lower the correlation between variables. One
of the surprises the data provided was the low correlation between peak period demand,
weather, and accidents/incidents. Weekday peak periods were used as the aggregation
level since they were the “representative day” unit of analysis. No correlation between
peak period variables was greater than +- 0.15. At this aggregate definition of the
representative days (study areawide and for daily peak periods) there aremany
intervening factors that reduce inter-relationships. Upon further investigation it was found
that as the level of aggregation became finer the expected relationships between variables
such as demand and accidents/incidents begin to emerge. For example, November 10,
1995 was the highest accident day in the scenario database with 59 accidents. As shown
in Figure 10-6 there is a strong relationship between the accidents and an afternoon storm
that developed. Thisistrue even thought the averaged overall weather indicators for the
day’ s peak periods did not show significantly bad weather overall. Consequently, one
should not be surprised at relatively low correlations between scenario dimensions when
analyzing and developing representative day scenarios for a study.

Last, while the study design called for developing representative day scenarios based
upon a generic weekday peak period when analyzed noticeable differences were found
between morning and afternoon conditions. The probability of “weather” conditions was
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Figure 10-6. Hourly Correlation of Weather and Accidents
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25 % in the AM peak period and only 15% in the PM peak period. On the other hand the
probability of alarge number of accidents in the system (>= 9) was only 15.2% in the
AM and 48.9% in the PM. Interestingly, the probability of an incident (serious event
where aincident management team is called) was sightly higher in the AM at 6.0%

versus 5.2% in the PM. Where the demand and analytic processes exist (time of day

assignments by different periods of the day , AM, PM, Midday) it isagood ideato
explore defining separate representative days for each time period. This however will
increase significantly the number of simulations and &fort required for the overall
analysis.

Scenario Imputation. Simulation is expengve and time consuming. Therefore thereisa
tradeoff between the number of representative day scenarios and the variation represented in
the study and the time and cost required to analyze each alternative. For the Seattle Case
Study 30 scenarios were defined to represent the variation in weekday peak period
conditions and four random seeds were used to analyze each scenario. An aternative's
analysis. therefore required 120 separate simulaion runs.




The case study explored reducing the number of simulations carried out by using
interpolation and extrapolation to generate the expected results of a representative day
scenario based upon the relationships found between others. For example, we tried to derive
the 0 accident case for low demand from the relationships between the 0 and 1-3 and 4-6
accident cases for medium demand. The relationships proved to be very non-linear and
complex, and the imputation of results suspect. It istherefore recommended that afull set of
simulations be carried out for each defined representative day scenario. Thisisthe only way
to insure that the variation represented by the scenariosis reliably captured in the analysis.

Rare Eventsand Variation in Their Impacts. The number of simulation runs needed to
estimate the expected impacts of arepresentativeday scenario containing truly rare eventsis
also anissue. A scenario that contains a major incident may have avery low probability (For
example EG1 in the Seattle Case study represents good weather, volume ratio = 1.089, and
an incident and has a probability of 2.17%). Where the major incident occurs may change
the benefits associated with ITS and require several simulations withinthe scenario to
reliably estimatethe expected benefits. The number of simulations and locations to simulate
depends upon the network configuration and conditions under study. The analyst needs to
examine the network configuration and data on the frequency of events by location to
determine how many simulations are required to estimate the expected impacts of the
alternative for the scenario. For example, two major incident locations were defined for the
Seattle Case Study (one on I-5, and one on SR-99). Their locations were determined by
looking at the frequency of incidents along the facilities and the likely diversions that the
incidents would cause. Other networks may require more locations and possibly more
simulation runs within each scenario to develop reliable results. A locational analysis of rare
events such as incidents is therefore recommended as part of the scenario development.
Professional judgement is also required on how the impacts may vary based on simulating
different locations of an incident within a scenario. If the variation is great, then more
simulations and seeds may be required.

10.5 Feedback

Feedback is the process of using the outputs of one step of the forecasting process as inputs
to an earlier step in the process; e.g. feeding back the simulation model change in impedance
/ travel time to the regional model in order to adjust trip making and travel patterns. Some of
the concerns associated with feedback have already been discussed in Section 7.5. Feedbadk
was aissue that was raised during the Seattle Case Study and a feedback test between the
DoNothing/TSM and ITS Rich Alternatives was conducted (with and without ITS). This
subsection briefly describes the feedback analysis and some of the issues it raised.

Feedback can occur at many different levelsin the forecasting process, from assignment to
mode split, from assgnment and mode split into trip distribution and time of day, or even to
trip generation and land use. Conceptually, feedbadk can also continue until a stable
equilibrium between al of the components of the forecasting system isreached (Thejuryis
still out on whether thisis feasible or even if stability is ever really reached in the real world).
The purpose of thefeedback analysisin the Seattle Case Study was to capture the change in
travel patterns caused by ITS response to system variability and information provision
accounted for in the sub-area simulation.

The approach taken for feedback in this study is predicated on the assumption that each
model system is designed to measure and represent different phenomena: The regional model

10-25



captures average daily and peak period recurrent conditions based upon equilibrium flows
and provides overal travel patterns and mode choice to the sub-area; the simulation model
captures the system variation and value of information and represents discrete travelers and
conditions through time. Each model is calibrated/validaed to meet its own assumptions,
and has different internal interpretations of such things asimpedance and delay.
Consequently, one should not force consistency between absolute values of sub-areatravel
time and other measures provided by the two model representations. Rather the percent
change in the annualized values from simulation caused by I TS should be fed back into the
regional model. The feedback process used for the study is shown in Figures 10-7 and 10-8.

Regional Planning Model =ubarea Simulation
(Average Peak Period, Recurrent) iDiscrete, variation, Infarmation)

Subarea | Subares Simulation

Regional Forecast CamErETan :
Base g Across Scenarios
Subarea Subarea Simulation
TS Alt. Regional Farecast CamwerEan ;
q Arcross Scenarios
b

% Change
recurrent conditions

% Change
aystern Wariation

hlerge and combine

Figure 10-7. Seattle Case Study Feadback Process

As can be seen the feedback process assumes that the impacts of I TS on recurrent conditions
are captured in the regional model and the impacts on non-recurrent conditions, system
variation and information are captured by the ssmulation. In fact, as described in Section 7
recurrent condition feedback based upon network coding changes has already ocaurred in the
regional model prior to the sub-area simulation. Between any two zones the portion of the
regional model’ s trip’s impedance due to travel within the sub-areais adjusted based upon
percent change produced by the simulation model.

Table 10-4 and Figure 10-9 summarize the results of the feedback test. Asshown, merging
the regional and sub-area results does alter the perceived average travel time to and from the
sub-area. A 2.63% improvement in ITS Rich perceived travel times occurs when the
simulation’ s accounting for variation and information is merged with the regional model’s
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Table 10-4. Seattle Case Study | mpedance Change For Feedback

2020 A Peak Period LOY Average Travel Time To, From, Through Simulation Area

(1 (2) (3) % Change
DoMaothing ITS Rich ITS Rich

TEM Fegional Merged (Mws (23] (21vs. (3)
Frorm:
1 = Simulation area 14 .99 14 .85 14.29 0.91% 3.75%
2 = Corridor South 16 .44 16.06 13,69 2.31% 14.78%
3 = Corridor Morth a0.28 3016 2924 0.39% 3.05%
4 = Cutside Corridor 115 .92 114 52 112 61 1.21% 1.67%
To:
1 = Simulation area 2443 2424 2322 0.57% 4.43%
2 = Corridor South a6.00 a5.04 3440 2 BB % 1.82%
3 = Corridor Morth 2687 37T 3637 -2 44% 3.70%
4 = Cutside Corridor 105.31 104 27 103 .83 0.99% 043%
Crverall a6.35 a6.27 3532 0.21% 2 B3%
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treatment of recurrent conditions. This variesfrom a high of 14.78% change for trips from
south of the corridor going north, to 0.43% for trips from the sub-area to outside the
corridor.

Figure 10-9 shows the impact of feeding back the merged travel times to trip distribution to
capture how shift in perceived travel impedancesmay impact travel patterns. Plus, minus,
and equal signs are shown to indicate noticeable increases, decreases, and relatively equd
tripsto and from theseven summary areas. As shown, overall regional travel patterns reman
stable before and after the simulation feedback. However, there are some expected shifts.
Travel within the sub-areais dlightly lower as peopletravel further due to perceived mobility
improvements within the corridor. Likewise, trips from the south to the north increase as ITS
helps remove the bottlenecks and provide more reliable travel against the peak direction
(actuated demand responsive signals). Some of the issues and |essons learned associated
with carrying out this feedback are discussed next.

Origin Destination Stability. When conducting feedback to the regional model, stability of
the simulation results between each of the origin destination pairs becomes an important
issue. Asdescribed in Subsection 10.3 for large simulations, the chance that a significant
portion of the origin destination pairs will have a small number of trips between them
increases. Inthe simulation model as the number of trips on an interchange becomes small
(less than 10 an hour) the variation of starting times and conditions makes the observed times
from the simulation more random. Other factors such as change in overall demand on the
interchange, or access link restrictions, may also cause unjustifiable shifts in the impedance
between two zones. It isthereforeimportant to develop filtering procedures and validity
checks on the percentage change in impedance with and without 1 TS when devel oping the
feedback process. In the case study feedback, unreliable percentage changes between origins
and destinations were first filtered based upon the number of trips and excessive shifts
(greater than 20%). District-to-District percent change values derived from the valid
interchanges were then assigned to the filtered origin destination pairs.

Over -saturation and Feedback. No feedback process will prove reliable when the
simulation model is significantly over-saturated and the demand cannot be met within the
simulated period. Thisisalso trueif thereis gridlock over significant portions of the
network in either the with or without ITS alternatives, or both. In the case study part of the
network and demand refinement was analysis to ensure that these conditions did not exist in
either alternative. If they did occur new operations and signal strategies were inpu, or trip
deferral was implemented.

Estimation of Time Periods Outside Simulation (off-peak). An attempt was made to
factor the off-peak percent change in impedance based upon the peak simulations of both the
congested and uncongested (free flow) networks. While the absolute change in impedances
in the congested system was larger than in the uncongested case surprisingly the ratios
between with and without I TS impedances were similar (0.945 for congested, and 0.93 for
uncongested). Consequently, using afactor of 1.0 was explored and rejected.

No feedback on times for offpeak conditions was caried out since when the scenario
dimensions were examined it was found that offpeak accidents, weathe conditions,
construction, etc. have little correlation to peak conditions. The varidion in the systemis
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therefore significantly different between time periods, and the simulation results of one time
periods should not be used or factored to estimate the percentage change in conditions for
another. More research is needed to explore the relationships between peak and offpeak
conditions and I TS benefits/impacts

10.6 Costing

L essons learned regarding costing of the alternatives derive mainly from the need for a cost
component hierarchy/framework to provide a common basis for cost comparisons, and the
impact on the cost analysis of how the alternatives are defined. These and other issues are
discussed below.

Cost component hie ar chy/framework and cost comparisons. One of the first issues
encountered in the case study was how to develop a set of comparable ITS capital and
operating/maintenance costs upon which to base the cost model development. It was found
that many different cost accounting structures are used by the different agencies to dlocate
costs for the purchase of ITS equipment, refurbishment of equipment, operating the ITS
service, replacement and maintenance. The costsmay be part of thecapital budget,
operations, or maintenance depending on the agency’ s structure and historic breakdown of
responsibilities. Also, whether existing communication lines and equipment are shared, the
impact of leasing, and legacy systems greatly influenced how costs are reported within the
agency. It was found that simply asking for the “cost of the ITS service and its operations’
did not provide comparable information. This issue was not overcome until a cost component
hierarchy and framework for the study was developed, alowing specific costs of the
components to be collected and analyzed. It was found that having a costing framework and
structure was crucial to consistently developing the overall costing methodology. Moreover,
A nationally recognized costing structure and framework such asthat found inthe ITS
National Architecture would be extremely useful in the sharing and comparison of cost daa
from around the country.

Cost model structureand ITS. Once the cost data were collected and adjusted to a
common structure, costs models for the various components (both traditiond and ITS) in
each alternative were developed. Sketch techniques of estimating operating and maintenance
costs as a percentage of capital costs are often devel oped based upon historical datafor usein
setting department budgets. These techniques were explored and foundto be undesirable
since they do not account for the changesin cost structure and the additional inter-
relationships that ITS introduces. Consequently, estimating O& M costs based simply upon
percent of capital costs was discouraged and only used when no other option was available.
A much better option isto develop O&M cost models around the variables that are behind
the O&M costs and that TS may cause to change. For example, rather than estimating
transit O& M costs based upon a percentage of the vehicle capital costs, a model was
developed using revenue vehicle hours. Other studies have developed models based upon
peak pullouts, revenue vehicle hours and revenue vehicle miles. Likewise, it is better touse
an O& M model based upon lane-miles and vehicle-miles traveled for road systems rather
than using percent capital costs. If only percent capital costs are used incorrect comparisons
in the alternatives may result since an increase in capital costs would always lead to an
increase in operating costs. Any O&M cost savings derived from I TS services are not
accounted for in approaches using percent capitd costs to estimate O& M.
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DoNothing vs. Build Alter native definitions and costs. How the alternatives are defined
can also have a profound impact on the cost estimation. In alternative analyses and major
investment studies incremental costs are developed from the DoNothing, (baseline)
aternative. This properly focuses on the differences between alternatives allowing a
preferred option to be identified. Traditional alternatives and their components are usually
very location specific, with alow percentage of regional system-wide shared elements. ITS
services on the other hand are based upon information and other “systems” and usually have
a high percentage of shared costs in control centers, communications, software, and other
“center system” elements.

The DoNothing alternative is defined by the adopted long range regional plan and the
already approved regiona support systems. It isvery important, therefore, to develop a
corridor study with ITS components in close coordination with the regional plan and an
overal ITS integration strategy (These have been called at various times I TS Regional
Architectures, ITS Regional Frameworks, ITS Strategic Plans, or Integration Strategies).
Theregiona TS components such as the Transportation Control Centers can therefore
properly be allocated to the regional system costs as part of the DoNothing alternative.

Cost Allocation between the sub-area and region. As more that center system decisions
become part of the regiona plan and therefore the DoNothing alternative the allocation of
costs between theregion and sub-area becomes less of a problem. However, in the case
study the alocation of costs between the region and the sub-area still had to be addressed for
some components. Several of the ITS dements are broader in scope thanthe 1-5 North
Corridor limits. Examplesinclude traffic management, transit management, and incident
management. For these elements, only the proportionate share of system costs attributableto
the corridor operations was allocated to the cost edimate. Two methodsfor allocating these
costs were used. Where the corridor alternative required expansion of an existing fadlity, the
marginal capital and O& M costs for add-ons such as a computer or part-time employee were
estimated. For elements where no regional system existed, the total system capital and O& M
cost was estimated and a proportionate marginal cost was allocated to the corridor. The
proportionate share in this case was generally determined by comparing the corridor aeato
the regional area.

It should also be noted that incremental capital and O&M cost estimates for ITS elements
will vary by location. Each urban areawill be different and the analyst must assess what
infrastructure isin place in the region to support I TS implementation in the study area or
corridor. For example, the central Puget Sound region already has alot of supporting ITS
infrastructure in place so these estimates reflect costs added at the marginsto agreat degree
Other areas may have little if anything in place and it will be more of a challenge deciding
what isaregional investment versus a corridor investment and consequently would require
more coordination between the regional I TS strategy and corridor decision.

Economic life and technological obsolescence. Economic life assumptions for capitd cost
items reflect consideration of the functional obsolescence, the technological obsolescence,
and the physical integrity of the fadlity. Therefore the assumed economic lives for all cost
items were generally shorter thanthe physical life for theitem. Thisis because the facility
may have outlived its usefulness, require major upgrades, or become technologically obsdete
to the point that the item becomes inefficient and/or incompatible.
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10.7 Data lssues

The Seattle areais adata-rich environment for ITS analysis. Historical freeway flow and
speed datais archived annually and distributed on CD, the PSRC panel survey includes
questions on traveler usage of ATIS, and the Seattle area has been the subject of severa
survey research efforts on traveler behavior. These data sources (and others) were critical
resources in this project and one of the reasons Seattle (and the North Corridor in particular)
was chosen for this effort.

However, in the course of the study we have identified three areas where additional detailed
data would have proven particularly valuable. These three areas are: moredetailed travel
behavior data, additional datain support of scenario generation, and archived flow and travel
time data for arterial facilities

Travel Behavior Data. One of the key themesin this study is identifying the utility of
information provision when conditions differ from normal or expected conditions. In order
to model traveler reaction to ATIS, we have made a range of assumptions about how
travelers assign themselves to regular or habitual routes and the range of conditions under
which they will divet from these habitual routes.

One data source we could not identify in the Seattle area was a study of how travelers
integrate arange of travel experiences over time when settling into habitual routes. It had
been our hope to be able to include both a measure of trip reliability in addition to average
travel time when modeling this "settling-in" process. The concept of travelers choosing a
dlightly slower, but more reliable raute is appealing nat only in route selection but also in
mode choice modding. However, inthe absence of reliable data on how travel time
reliability isweighted with travel time performance in traveler decision making, we used a
more conservative approach based only on travel time performanceby origin-destinaion pair
and time-of-departure during the AM peak period.

Likewise, amore refined modeling of traveler response to ATIS could be undertaken now
given survey research data currently being collected as a part of the Seattle Metropolitan
Model Deployment Initiative (MMDI) evaluation program. An example of where MMDI-
related survey data will be useful resourcesisin the detailing of traveler responses based on
the weather and congestion conditions reported on aparticular day. For example, itis
already clear that web-based ATIS usage may spikeby factor of four when it is snowingin
Seattle. Further, theratio of web hits, page views and user sessions under these conditions
indicate that how the traveler is accessing (and presumably using) thisinformation is quite
different from non-snow conditions Travelers may be more likely to consider trip
cancellation or mode shift responses than route choice under weather events, and if such
relationships can be established this detail could be included in thiskind of ATIS modeling.
How these various travel choicesare best nested under real-time decision making is dso
poorly understood. We have modeled route choice as the uniformly dominant traveler
response, and it islikely that this assumption does not hold under al conditions.

Scenario Data. Under the highly congested conditions projected for the 2020 time framein
the North Corridor, relatively small swingsin overall travel demand have significant impact
on average system travel time. For example, in the 2020 baseline alternative, a seven percent
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increase in travel demand from the projected average raises average travel time by more than
four minutes per vehicle from roughly 26 minutes per trip to 30 minutes per trip. A drop of
four percent in travel demand results in average trip duration of just under 25 minutes of
travel per vehiclein the AM peak. Given that these impacts are so significant, particular
attention should be taken when estimating the range of travel demand variation in long-range
forecast years. In this study, we used a composite of freeway loop detector station counts to
identify sub-area demand variation. Aswith any field data source, these station data included
loop malfunctions, miscounts and missingdata. WSDOT had flagged many of these data
points questionable, but not all. Weeding out outlier volume conditions and accounting for
missing data points were important tasks in creating a reasonable estimate of travel demand
variation.

Calibration Data. Archived freeway travel times taken over an 18-month period were the
critical datain the calibration of overall travel variability in the North Corridor. Although I-5
isthe largest and most important fadlity in the corridor, asimilar kind of travel time
variability analysis would have been helpful on a number of other key facilities, including
SR99, SR522, and others. Although travel time estimation along arterial facilitiesis more
difficult using loop detector data than on freeways, archiving this data would be helpful in
balancing the arterial/freeway travel demand.

One observation about calibration from this effort is that the analyst seeking absolute
conformity to calibration datais likely to be frustrated. Limitations of what a particular
simulation model supports, error in calibration data, inconsi stencies between flow and speed
targets will always result in some error in calibration. The key to a successful calibration
effort isidentifying what level of calibration isrequired for the analysis, and the point at
which additional model tweaking isfruitless. Calibration in this modeling effort created a
network wherein average peak period flows at 14 stations (arterial and freeway) were
reasonable (plus/minus 15 percent) and in which freeway travel times were accuraely
distributed (average plus variance) over the representative scenario set.

10.8 Resour ce Use and Analysis Effort

The question of “What would it take to apply the PRUEVIIN methodology to an alternatives
analysis in another location” has arisen on a number of occasions. It isdifficult to answer this
question in the abstract but a few basic rules can be defined. To answer the question let’s
assume that we want to know the cost to add a sub-area simulation onto an existing or
planned MIS. So we are only addressing the incremental costs of the sub-area simulation.

The following discussion will address this question. A brief review of experiences from
severa other studiesisfollowed by adiscussion of how the resource and cost budgets were
determined.

Comparative Experience. Mitretek has conducted several studies over the last several years
that provide insights into the level of effort required for incorporating I TS into corridor
analyses. These are:

I The Seattle 2020 Case Study. The case study discussed in this report was
conducted over aperiod of severd years, from July 1996 to July 1999. During this
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period we defined the scope of the study, selected the analysis tools, developed
the PRUEVIIN methodology, applied this methodology in the Seattle area, and
coordinated with both our Federal sponsor and the Seattle Advisory Panel. As
indicated in the report the objective of the study wasto develop an andysis
framework that can be used for the assessment of ITS options as part of aMajor
Investment Study (MIS) for an horizon year of 2020. Various alternatives were
defined to alleviate congestion in amajor transporteion corridor. These
alternatives included traditional transportation construction projects, with and
without I TS enhancements (see Section 6).

The PRUEVIIN methodology developed for the case study includes the merging
of atraditional transportation-planning model (EMME/2) with alarge-scale
transportation network meso-simulation model (INTEGRATION 1.5). Indl, a
baseline and five alternatives were defined. The size of the network was 125
sguare miles, containing 2,200 links, and 165 signalized intersections. Over
350,000 trips were ssimulated during the 3.5 hour AM peak period. Eight measures
of effectiveness were calculaed for each aternative. As part of the process
techniques were a so devel oped to define and capture the inter-day and annual
variability of traffic conditions (scenarios), and to assess the set of I TS services
under these condtions. Two years o traffic, acddent/incident, and weather data
were analyzed to determine the representative day scenarios. A total of thirty
representative-day scenarios were defined. For 30 scenarios, with 4 random seeds
each, for six alternatives, and accounting for numerous re-runs, the Seattle 2020
case study resulted in over 1,080 simulation model runs.

Seattle M etropolitan M odel Deployment Initiative (MMDI). In parallel to the
Seattle 2020 case study we also conducted the MMDI alternatives and sengtivity
analysisin support of the overall MMDI evaluation program. Only one aternative
was evaluated, but several sensitivity analyses were conducted using only the
simulation model. The set of simulation experiments explored arange of values
for key factors that were integral to the isolated deployment of projectsin similar
functional groupings (e.g., Advanced Traveler Information Systems (ATIS),
Traffic Signal Control, Incident/Emergency Management, and Trangt
Applications) are explored. These factors included level of market penetration for
ATIS pre-trip planning services and the degree of coordination for traffic control.
In total the MMDI analysis represented a 50% increase in the total number of
scenario runs (1,800 total runs).

Detroit Corridor Study. The Detroit corridor study was also underway during
thisperiod. The gaals of the Detroit corridor study were to measure theimpacts
of implementing theexisting ITS facilities, determine whether motorists' exhibit a
bias toward freeways over arterials, and identify operational strategies that
improve corridor throughput. The benefits from the existing ITS system are
estimated through simulation. This wasnot feasible through afield test because
corridor performance data prior to I TS implementation was not available.
Simulation aso provided an opportunity to ‘game out’ and fine-tune ITS
strategies to increase corridor performance.
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To evaluate I TS impacts, a micro-simulation model (INTEGRATION 2.0) of
approximately 1700 nodes, 2900 links, 230 signals, 10 ramp meters, 5 changeable
message signs, and mainline freeway detectors was generated to represent a 8-km
by 5-km corridor approximately 2.5 km north-west of the Detroit Central
Business District. The micro-simulation model of the John C. Lodge Corridor
conveys over 45,000 trips per hour for a 2.0 hour PM peak period. A set of
operations atematives (signal coordination, ramp metering, etc.) and traffic
scenarios (accidents, demand variation, construction, etc.) are simulated to reflect
both the varying traffic conditions and differences in the effectiveness of
aternatives. About 7 measures of effectiveness were calculated for each
aternative, including link-based statistics on stops per vehicle-kilometer, average
speed, and variance in speed; and trip-based statistics on trip time by driver type,
throughput, and delay reduction. This study provided additional insight into the
development and coding of transportation networks, and the development of a
demand file without benefit of the planning model output.

L evel of Effort Synthesis. Based on the experience derived from these three studies we have
identified the skill set and labor hours required to apply a simulation model to these types of
alternatives analyses. These results can be used to develop an initial cost estimate for other
similar analyses. In the following estimates it is assumed that all of the normal MIS processes
are being conducded as usual. The cost estimates identified here areonly those to add theuse
of simulation modeling to the ongoing MIS process. All of the above studies were conducted
with commercial off the shelf software and high-end PC’s.

To develop aresource budget we conducted areview of all of the staff hours applied to these
projects. We then subtracted out the time applied to the development and validation of the
overal methodology (PRUEVIIN). For the remaining timewe identified several skill
categories and functional activities. Asaresult of this effort we determined that the required
personnel skills to build and executethe models include

A Senior Principal Modeler (10+ years experience)
A Senior Staff (3-10 years experience)
Two junior support analyst (0-5 years experience).

The time budget for the sub-area simulation modeling process is approximately:

10% for scenario devel opment

15% to build the transportation network in the model
15% to code the aternatives (basdine + 5 alternatives)
30% to calibratethe model to existingtraffic data
15% to execute the model

15% to analyze and present the modd results

As can be seen themost labor intensive part of the process is the calibration of the model.
Thisincludes the identification of the required calibration data, specification of a calibration

10-35



plan, and conducting numerous model runs to achieve calibration goals. Thistype of analysis
could be conducted with significant portions of the above staffing over a period of 9-12
months, and concurrent with other ongoing M1S activities.

In terms of adollar budget we estimate that if atypical MIS costs on the order of amillion
dollars, the cost to add a sub-area simulation of the types indicated above would be on the
order of $250,000 to $340,000 or an additional 25% to 34% increase in cost. It should be
noted that the cost driversin these types of analyses are the size of the sub-area network, the
availability of datato conduct the model validation, and the number and complexity of the
alternatives to be evaluated.
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Seattle Project Advisory Team
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Annualized Incremental Capital, Operations & Maintenance Cost Estimates

North Seattle Case Study

Investment ITS Rich SOV Capacity Increase | SOV Capacity Inc. + ITS HOV Busway HOV Busway + ITS
Category Capital | O&M Capital | O&M Capital oM Capital | O&M Capital | O&M
g SOV FACILITIES - —| $21,096K $964K | $21,096K $964K - - - -
<<.(> HOV/TRANSIT FAC./SERVICES ($601K) ($2,600K) ($36K) $61K ($765K) ($4,598K)| $71,305K $39,092K | $70,769K $34,255K
i RIGHT-OF-WAY - —| $6,349K —| $6,349K —| $6,729K —| $6,729K -
[¢c7] SURVEILLANCE $1,224K $440K - —| $1,347K $470K - - $1,224K $440K
E TRAVELER INFORMATION $296K $407K - - $421K $560K - - $296K $407K
Q COMMUNICATION $1,592K $71K $47K —| $2,036K $105K $47K - $1,592K $71K
8 TRAFFIC CONTROL $821K $170K - - $863K $183K - - $821K $170K
E TRAFFIC MANAGEMENT $217K $817K - - $272K  $1,021K - - $217K $817K
E TRANSIT MANAGEMENT $135K $123K - - $135K $123K - - $135K $123K
o | TRANSIT VEHICLE INTERFACEY  $1,095K  $1,245K - -1 $1,092K  $1,242K - -1 $1,240K $1,419K
E INCIDENT MANAGEMENT $87K $32K - - $87K $32K - - $87K $32K
Total Annual Incremental Costs* $4,866K $704K | $27,456K  $1,025K | $32,933K $101K | $78,081K $39,092K | $83,110K $37,733K

* Relative to Baseline




Incremental Capital Cost Estimates by Alternative
North Seattle Case Study

Investment ITS Rich SOV Capacity Increase | SOV Capacity Inc. + ITS HOV Busway HOV Busway + ITS
Category Total Capital Cost | Total Capital Cost | Total Capital Cost | Total Capital Cost | Total Capital Cost
g SOV FACILITIES - $246,108K $246,108K - -
<<.(> HOV/TRANSIT FAC./SERVICES ($4,765K) ($290K) ($6,080K) $772,036K $767,776K
i RIGHT-OF-WAY - $90,600K $90,600K $96,010K $96,010K
[¢c7] SURVEILLANCE $8,599K - $9,466K - $8,599K
E TRAVELER INFORMATION $2,075K - $2,950K - $2,075K
Q COMMUNICATION $11,180K $330K $14,296K $330K $11,180K
8 TRAFFIC CONTROL $5,770K - $6,058K - $5,770K
E TRAFFIC MANAGEMENT $938K - $1,173K - $938K
E TRANSIT MANAGEMENT $950K - $950K - $950K
o | TRANSIT VEHICLE INTERFACES $7,688K - $7,669K - $8,711K
E INCIDENT MANAGEMENT $616K - $616K - $616K
Total Capital Costs* $33,051K $336,748K $373,804K $868,376K $902,625K

* Relative to Baseline




SEATTLE I-5 NORTH MIS/COST ESTIMATE WORKSHEET-Alternative: ITS Rich

O & M COST
CAPITAL COST COMPUTED USING COMPUTED AS %
UNIT COSTS & QUANTITIES OF CAPITAL COST]
— = o = =
g |t | 8% g 8| &
ITEM % o =P b - B Y 5
£ |Sg| E| 8 |g2|8¢ E [8g| E | 8 £ 9
% g é E o g ﬁ 5 g % S é E 3 T S DESCRIPTION ASSUMPTIONS SOURCE FOR COST DATA
s | 3|2 |g%|3:2 £ 3|2 |38 | ¢
5 o z _ z w z
=4 w Zg z o =z
<s < N <
HIGHWAY/TRANSIT FACILITIES
ISOV FACILITIES
Two new lanes/6 lanes total; includes outside
Conversion of unlimited access arterial shoulders, sidewalks and pedestrian Capital-Build up based upon cost
Expressway Conversion per mile | 6,142 20 per mile 11.2 to partial access control; add 2 lanes overcrossing structures; cost excludes components of typical project; O&M -
! interchanges & grade separations; R/W related  |Houston Division of TXDOT
costs included in R/W cost items
S Construct divided highway; substantial earthwork CapltaI-Bullq up pased uplon cost
. - . . Widening of full access controlled . y s components; validated using recent
Limited Access Widening per mile | 1,831 20 per mile 1.2 A and drainage system construction required; R/W N a
freeway; add 2 lanes N . . WSDOT estimate; O&M - Houston
related costs included in R/W cost items s
Division of TxDOT
Grade separated crossing with access  |Compressed diamond with retaining walls; Capital-Build up based upon cost
ramps connecting the crossing crossing road crosses over expressway; includes |components of typical project; validated
Interchange (full) per each | 10,631 30 0.5% roadways; diamond configuration; for signals at ramp terminals; R/W related costs using recent WSDOT estimate; O&M-
Expressway included in R/W cost items WSDOT modified per PB estimates
Grade separated crossing with access  |Compressed diamond with retaining walls; Capital-Build up based upon cost
ramps connecting the crossing crossing road crosses over expressway; includes |components of typical project; validated
Interchange (half) pereach| 7,442 30 0.5% roadways; diamond configuration; for signals at ramp terminals; R/W related costs using recent WSDOT estimate; O&M-
Expressway included in R/W cost items WSDOT modified per PB estimates
. Capital-Build up based upon cost
Grade separated crossing of two roads . ) . DR
Grade Separated Crossing per each | 4,896 30 0.5% without ramp connections; for Crossing roaq CroSses over expressway; RW componenls of typical prgject, Yalldated
Expressway related costs included in R/W cost items using recent WSDOT estimate; O&M-
WSDOT modified per PB estimates
Subtotal
HOV/TRANSIT FACILITIES
Limited/no existing median to enable widening; [Capital-Build up based upon cost
. Add barrier separated HOV lanes to includes bridge widenings for crossing structures |components of typical project; validated
New HOV Lanes on Freeway permile | 8,780 20 "2 existing freeway and reconstruction of ramps at interchanges; using recent WSDOT estimate; O&M -
R/W related costs included in R/W cost items Houston Division of TXDOT
Limited/no existing median to enable widening;
- . includes bridge widenings for crossing structures " .
Upgrade HOV Lanes on Freeway per mile | 7,616 20 g:;?ar?:tzderalit:sgoﬂZXrE;vG\;‘:;O barrier and reconstruction of ramps at interchanges; (c:;rﬁl:)zli:ltf;ptyb;:;d p?g]i!fos{
R/W related costs included in R/W cost items; !
Incremental O&M costs assumed negligible
. L Capital-Build up based upon cost
. Add truss arch section to support widening; B o
New HOV Lanes on Deck-Truss Bridge per foot 16.1 30 0.25% Add.HOV lanes to deck-_truss bridge/no sidewalks replaced; R/W related costs inc?uded in| componenls of typical prgject, Yalldated
barrier or buffer separation RIW cost items using recent WSDOT estimate; O&M-
WSDOT modified per PB estimates
Reconstruction of sidewalks, drainage system
Add HOV lanes to expressway/no barrier and utilities; landscaping enhancements; roadway| Capital-Build up based upon cost
New HOV Lanes on Expressway per mile | 7,626 20 11.2 or buffer separation and pedestrian crossing structures modified; components of typical project; O&M -
excludes costs for bridge over ship canal; R'W  |Houston Division of TxDOT
related costs included in R/W cost items
Based upon cost estimate for I-5 Express
New HOV Contra-Flow Reversable Lane on . " Add HOV moveable barrier-separated Lanes/Ravenn_a-to-HoweII .HOV project; inclgdes CapitaI-A_dapted. from prior P.S. HOV .
Freeway Express Lanes per mile | 14,600 20 per mile 90 lane moveable barrier, and vbvarrler-transfer machlnes study estimates; .O&M - Houston Qlwswn
and storage shed; additional O&M cost is of TXDOT/San Diego Coronado Bridge
included for reversible lane operation
. . Reconstruction of sidewalks, drainage system Capital-Build up based upon cost
Arterial Transit Lanes/Two Directions per mile | 7,323 20 11.2 :ﬂgrglowtransn anes to an existing and utilities; landscaping enhancements; R/W  |components of typical project; O&M -
related costs included in R/W cost items Houston Division of TxDOT
Includes reconstruction of c&g and sidewalk;
Arterial Transit Lanes/Reversable per mile | 6,240 20 per mile 17 One center reversable lane o p N study estimates; O&M - Houston Division
O&M cost is included for reversible lane of TXDOT/TTI
operation; R/W related costs included in R/W
cost items
Based upon cost estimate for I-5/NE 50th Street
. Direct access ramps between express |direct access project; assumes % mile of ramp  |Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Reversable Drop | per each | 6,400 30 per each 46 lanes and local street maintenance with reversible ramp operations study estimates; O&M-WSDOT/TTI
calculated on a per unit basis.
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. . " = Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Drop per each| 9,360 30 0.5% Direct access ramps between median | Based upon cost estimate for I-5/NE 145th Street| (1 "o ctimates; 0&M-WSDOT modified
freeway HOV lanes and local street direct access project .
per PB estimates
" . . = _|Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Full Texas T per each | 31,140 30 0.5% Direct access ramps between median  |Based upon cost estimate for I-5/Lynnwood Park-| o e cimates; 0&M-WSDOT modified
freeway HOV lanes and local street and-Ride direct access project .
per PB estimates
or at-grade Direct access ramps between outside gsiz?r:ff:czz?sesrz:ifrtgr;dR:fiiM i‘:‘h Streef Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Drop to Outside per each| 2,500 30 p ar 11.2 0.5 6 general pupose freeway lanes and local e project, ng study estimates; O&M-Based on
ramp miles modifications to 164th Street crossing structure P )
street required Houston Division of TxDOT figures
or at-grade Direct access ramps between median Based upon cost estimate for 1-5/Mountlake Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Full In-Line per each | 2,970 30 P g_ 11.2 0.5 6 HOV lanes and in-line station w/ p. s study estimates; O&M-Based on
ramp miles L Terrace direct access project P )
pedestrian link Houston Division of TxDOT figures
Direct access ramps between freeways . y Capital-Adapted from prior P.S. HOV
HOV Direct Access/Fwy-to-Fwy per each | 71,000 30 0.5% to/from one direction and another (e.g. Based upon cost estimate f.or I-5/1-405/SR525 NE study estimates; O&M-WSDOT modified
Quadrant direct access project .
between east and north) per PB estimates
Based upon cost estimate for SR520/1-5 Express
Direct access reversible ramp between Lanes direct access project; includes access Capital-Adapted from prior P.S. HOV
HOV Direct Access/Fwy-to-Fwy Reversible per each | 11,870 30 per each 46 N P control gates; assumes ¥; mile of ramp study estimates; O&M-WSDOT/Houston
median HOV lanes and express lanes . . ; . o
maintenance with reversible ramp operations Division of TXDOT/TTI
calculated on a per unit basis.
per Parking facility including bus transit Capital cost includes bus zone amenities, access |Capital-Averaged from WSDOT
Park and Ride Lot parking 6.1 20 per 100 stalls 2 25 50 9 Y N 9 improvements, stormwater detention, and examples;0&M-Based on Houston
shelter and pedestrian enhancements . . "
stall landscaping. Division of TxDOT figures
per thousand oK ’ i
Transit Bus - 40 foot Deisel per 230| (8 (1,840) 12 (232)|  revenue 89 | (25.4) | (2.261) Standard intracity transit bus For use on local service routes. Capital-King County/Metro;0&M-King
vehicle ¥ County/Metro
vehicle hours
per thousand o ’ K
Transit Bus - 60 foot Deisel Articulated per 375 ®3) (1,125) 12 (142)|  revenue 89 (3.0) (267)] Standard intracity transit bus For use on express service routes. Capital-King County/Metro;0&M-King
vehicle ¥ County/Metro
vehicle hours
er per thousand Special bus for use in downtown transit |For use on express service routes which operate Capital-King County/Metro,0&M-based
Transit Bus - 60 foot Dual Power Articulated pe 90| (@ (1,800)| 12 (27| revenue 89 | (15 (134) P P v P upon annual vehicle hours times cost pe
vehicle N tunnel through the Seattle downtown transit tunnel. .
vehicle hours vehicle hour
Subtotal (4,765) (601) (2,600)
RIGHT-OF-WAY
Right-of-Way acquisition costs along
R/W Adjacent to Arterial per acre 900 100 expressways and arterials in north Based upon typical costs for land along SR 99  [Capital-Input from WSDOT; O&M-NA
Seattle
R/W Adjacent to Freeway per acre 500 100 nght-of»vyay acquisition costs along Based upon typical costs for land along I-5 Capital-Input from WSDOT; O&M-NA
freeways in north Seattle
Assumes posible costs to cure impacts from loss
RA Takes/Damages per parcel|  50.0 100 Typical extra cost to cover relocations ~ |of af:cess, or cqsts to relocgte and re-establish Capital-Input from WSDOT: O&M-NA
and/or damages business at a different location, or relocate
resident.
Subtotal
ITS/ITRAFFIC SYSTEMS
SURVEILLANCE
Detection Loops per mile 234 16 374 10 53 per mile 1.20 16 19 In-pavement loops and cables to nearest Fgur—lane per direction, install loop every half Capital-Build up bgsed uplon C§sl
controller. mile. components of typical projects; O&M-TT|
Closed Circuit TV Camera pereach| 250| 26 650 | 10 93| pereach | 1.30 | 26 34 ggﬂt':’s' traffic operations along State's |, .l 5ne every 1.2 mile per direction Capital-WSDOT; O&M-TTI
Automatic Vehicle Identification/Roadside Roadside equipment to identify bus, Includes reader, antenna, controller interface
Equipment persignal| 25.0| 235 5,875 10 836 | per signal 1.50 235 353 check schedule and provide transit module, and local system communications. Capital-King County/Metro; O&M-TTI
auip! priority at traffic signal Transit vehicle equipment is listed separately.
Field differential GPS stationary site to . . .
rovide fixed location information to Assume 3 sites are needed. Transit vehicle and Capital-Denver Regional Transit District;
Automatic Vehicle Location/Field Equipment per site 300 3 900 10 128 2% 18 |P transit management equipment is listed P! . 9 ’
compensate for topography and O&M-estimated
S separately.
buildings
Data Station pereach| 250| 32 800 | 10 114 2% 16 |To support detection Install one station every half mile;08M costs | &1 WSpOT; O8M-TTI
combined w/detection loops
Subtotal 8,599 1,224 406 34
[TRAVELER INFORMATION
Variable Message Signs pereach| 125| 15 1,875 10 267 | pereach | 400 | 15 60 VMS on overhead structures E:ggr:‘"’s‘:ﬁ;'g; includes controller and sign Capital-WSDOT; O&M-TTI
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Highway Advisory Radio site located at
Fixed HAR & Controllers per each 20.0 1 20 10 3 per each 1.00 1 1 strategic locations run by WSDOT as a |Add 1 new site at I-5/SR 99/SR 526 Capital-WSDOT; O&M-TTI
part of traffic management system
Kiosk per each 18.0 10 180 10 26 per each 5.00 10 50 Located at transit centers Install one kiosk per station Capital-King County/Metro; O&M-TTI
Subtotal 2,075 296 111 296
COMMUNICATION
Fiber-Optic Cable permie | 200 16 4640 10 661| permie | 080 | 16 13 For extended freeway surveillance Install along the I-5, SR526, SR&26 and tieto |6 i1 wspOT; OBM-TTI
systems existing WSDOT owned optic lines
Fiber-Optic Hubs per each 110 3 330 10 47 per each 8.00 3 24 To interchange fiber-optic lines Install one HUB per 3-5 miles Capital-WSDOT; O&M-TTI
Twisted Pair permile | 27.0| 230 6210 10 884| permie | 015 | 230 35 For extented adaptive traffic control ) 4es trench, conduit, wire, junction boxes  |Capital-WSDOT; O8M-TTI
)
Subtotal 11,180 1,692 71
[TRAFFIC CONTROL
Coordinated/Adaptive Signal System - Local er Replace existing controllers and cabinets| Basic O&M cost would remain the same as Capital-Buildup based upon cost
P gnal Sy P 17.5| 320 5600 10 797 | per controller | 0.50 | 320 160 place ¢ g controler existing, except for cost related to maintain P! P based upon co
Controller controller at major intersections within study area timing/data plans components of typical projects; O&M-TT!
Coordinated/Adaptive Signal System - Master per 10.0 14 140 10 20 | per controller | 0.50 14 7 To tie local controllers to the system One master for every 29-2§ Io.cefl controller; O&M |Capital-Buildup ba;ed upon cost
Controller controller cost only related to maintain timing/data plans components of typical projects; O&M-TT|
Ramp Metering per each 30.0 1 30 10 4 per each 3.00 1 3 Freeway entrance ramp metering station Sjr’:i cost included equipment /hardware & timing Capital-WwSDOT; O&M-TTI
Subtotal 5,770 821 170
TRAFFIC MANAGEMENT
. . Assume one workstation, intergration and
For adaptive signal system and upgrades to existing signal control room; and one|Capital and O&M-National Architecture
Computers & Hardware per each 185 4 740 5 180 per each |170.00 4 680 additional freeway system management P9 9 sig ’ pi
\where applicable new employee each for Seattle, Lynnwood, Studies
PP WSDOT, and Everett
Software (various) per each 25 4 90 5 2 per each 34.00 4 136 For adaptive signal system Included software installation, programing, and CaplFaI and O&M-National Architecture
system analyst Studies
Communications Extension per mile 27.0 4 108 10 15 per mile 0.15 4 1 :;srtlérr\]:(sage to adaptive traffic control Includes trench, conduit, wire, junction boxes Capital-WSDOT; O&M-TTI
Subtotal 938 217 817
ITRANSIT MANAGEMENT
Computer system to receive and
process AVL polling data from buses ¥ . . ot e
Computers & Hardware for AVL System per each 300 1 300 10 43 15% 45 |and provide location, schedule Assume |5 North Corridor allocation of 30 Capital Dgnver Reg\cnal Transit District:
L . . percent of the total cost. O&M-National Architecture Studies
adherance, and incidence information to
dispatchers
Software for AVL Controller and Assume |-5 North Corridor allocation of 30 Capital-Denver Regional Transit District:
9
Software pereach| 150.0 ! 150 0 21 2% Dispatch Stations percent of the total cost. O&M-National Architecture Studies
Radio communcations to receive AVL  [Assume I-5 North Corridor allocation of 30 Capital-Denver Regional Transit District:
Facilities and Communications per each 500 1 500 10 al 15% 75 |data, and dispatch stations including percent of the total cost. No additional dispatch P . 9 :
. O&M-National Architecture Studies
CRTs and microcomputers staff needed.
Subtotal 950 135 123
[TRANSIT VEHICLE INTERFACES
Transponder device located on buses . . " . .
In-vehicle Transponder for AVI per bus 06| 408 245 10 35 2% 5 |used to identify bus at roadside readers All buses plus spares \{vh{ch.are on rgutes which Capltal-Klng County/Metro_, O&M-
. . pass through transit priority intersections. National Architecture Studies
at for signal priority treatment
. . .. __|Consists of radio, vehicle logic unit, driver
AVL on-board equipment for establishing|. L ! — . -
In-vehicle AVL Equipment per bus 90| 827 7443 10 1,060 |  perbus 15 | 827 1,241 Vehicle location, assessing schedule | "e"1ace, radio antenna, and GPS antenna. All | Capital-Denver Regional Transit District:
. . . . buses providing service in and through the |-5 O&M-TTI
status, and interfacing with driver N
North Corridor.
Subtotal 7,688 1,095 1,241 5
INCIDENT MANAGEMENT
Central tracking system/software and Capital-WSDOT:08&M-National
Central Tracking/Dispatch per each 600 1 600 10 85 5% 30 |Mayday software/GIS integration; System sized for I-5 North Corridor. pi "
. Architecture Studies
dispatch system.
. . ohi . Capital-Rockwell Path Master system
In-vehicle Dynamic Route Guidance per each 4.0 4 16 10 2 10% 2 For tra(.:kmg system and routg gL_udance In yehlcle radio, GPS antenna, GPS route plus add-on items; O&M-National
to provide faster response to incidents  [guidance system. ) "
Architecture Studies
Subtotal 616 87 32
GRAND TOTAL 33,051 4,866 215 489
COSTEST3.XLS 2/18/2004
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Interactive fixed-end trip planning 5.5 mil trips withn/thru study area x 6.87 = 800 k
. i - i - 750
Pre-Trip Planning Services NA pgr . 0.12 | 90,000 10,800 service; 10% of travelers; no capital cost hh, .2'32 tnpslr.\h 01 86 mil pgrsons, 35 % Capital-NA; O&M-Mitretek assumption
subscription . eligible=900 k;10% penetration rate=90 k
beyond baseline !
subscribers
er e In-vehicle equipment costs include GPS, [5.5 mil trips withn/thru study area x 6.87 = 800 k Capital-National Architecture Studies:
Personal Dynamic Route Guidance pe 0.8 (113,000 | 90,400 7 16,774 per 0.12 {113,000 13,560 map database, communications hh; 1.41 autos per hh=1.13 mil veh; 10% pitak” X '
device subscription N . . _ O&M-Mitretek assumption
transceiver, processor, GUI, and display [penetration rate=113 k veh

REFERENCES:

TransCore-Interim Handbook on ITS Within the Transportation Planning Process, TransCore (formerly JHK & Associates), December 1996, Appendix E.

WSDOT-TSMC SC & DI Operations/Implementation Plan, WSDOT, October 1994.
TTI-Guidelines for Funding Operations and Maintenance of ITS/ATMS, Texas Transportation Institute, November 1996.
National Architecture Studies-ITS Architecture Cost Analysis, Federal Highway Administration/Joint Architecture Team, June 1996.
King County/Metro-King County transit operator, Dan Overguard/David Cantay/Mike Voris, May 1997
Denver RTD-Denver Regional Transit District, Lou Ha, June 1997
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HIGHWAY/TRANSIT FACILITIES
SOV FACILITIES
Two new lanes/6 lanes total; includes outside
Conversion of unlimited access arterial shoulders, sidewalks and pedestrian Capital-Build up based upon cost
Expressway Conversion per mile | 6,142 14 85,988 20 8,117 per mile 11.2 14 157 . . overcrossing structures; cost excludes components of typical project; O&M -
to partial access control; add 2 lanes . S L
interchanges & grade separations; R/W related [Houston Division of TXDOT
costs included in R/W cost items
Widening of full access controlled Construct divided highway; substantial earthwork gc?gltf;gﬁlllsq :zli':;:: Lljzi?\n ?c-ozint
Limited Access Widening per mile | 1,831 3 5,493 20 519 per mile 1.2 3 34 g and drainage system construction required; R/W P N a 9
freeway; add 2 lanes . . . WSDOT estimate; O&M - Houston
related costs included in R/W cost items s
Division of TxDOT
Grade separated crossing with access  |Compressed diamond with retaining walls; Capital-Build up based upon cost
o, ramps connecting the crossing crossing road crosses over expressway; includes |components of typical project; validated
Interchange (full) per each | 10,631 9 95,679 30 7,710 per each 9 05% 478 roadways; diamond configuration; for signals at ramp terminals; R/W related costs using recent WSDOT estimate; O&M-
Expressway included in R/W cost items WSDOT modified per PB estimates
Grade separated crossing with access  |Compressed diamond with retaining walls; Capital-Build up based upon cost
o, ramps connecting the crossing crossing road crosses over expressway; includes |components of typical project; validated
Interchange (half) pereach| 7,442 2 14,884 30 1,199 per each 2 05% I roadways; diamond configuration; for signals at ramp terminals; R/W related costs using recent WSDOT estimate; O&M-
Expressway included in R/W cost items WSDOT modified per PB estimates
. Capital-Build up based upon cost
Grade separated crossing of two roads Crossing road crosses over expressway; R/'W components of typical project; validated
) o ] 2 ; ;
Grade Separated Crossing per each | 4,896 9 44,064 30 3,551 per each 9 0.5% 220 \g:h:)eustsrvz\a:p connections; for related costs included in RIW cost items using recent WSDOT estimate; O8M-
P Y WSDOT modified per PB estimates
Subtotal 246,108 21,096 191 773
HOV/TRANSIT FACILITIES
Limited/no existing median to enable widening; [Capital-Build up based upon cost
. Add barrier separated HOV lanes to includes bridge widenings for crossing structures |components of typical project; validated
New HOV Lanes on Freeway permile | 8,780 20 "2 existing freeway and reconstruction of ramps at interchanges; using recent WSDOT estimate; O&M -
R/W related costs included in R/W cost items Houston Division of TXDOT
Limited/no existing median to enable widening;
- . includes bridge widenings for crossing structures LRy
Upgrade HOV Lanes on Freeway per mile | 7,616 20 ;J:gar?;zdera'it;lgoﬂ?;rf;ﬁ: to barrier and reconstruction of ramps at interchanges; (c:;riltzlng:ltf;pt beil:;d L:gi r;;:osl
P Y R/W related costs included in R/W cost items; P ypical project
Incremental O&M costs assumed negligible
. - Capital-Build up based upon cost
. Add truss arch section to support widening; . DR
New HOV Lanes on Deck-Truss Bridge per foot 16.1 30 0.25% Add.HOV lanes to deck_truss bridge/no sidewalks replaced; R/W related costs included in componenls of typical prgject, Yalldated
barrier or buffer separation RIW cost items using recent WSDOT estimate; O&M-
WSDOT modified per PB estimates
Reconstruction of sidewalks, drainage system
Add HOV lanes to expressway/no barrierand utilities; landscaping enhancements; roadway| Capital-Build up based upon cost
New HOV Lanes on Expressway per mile | 7,626 20 11.2 or buffer separation P! V! and pedestrian crossing structures modified; components of typical project; O&M -
P excludes costs for bridge over ship canal; R/W  |Houston Division of TxDOT
related costs included in R/W cost items
Based upon cost estimate for I-5 Express
New HOV Contra-Flow Reversable Lane on . " Add HOV moveable barrier-separated Lanes/Ravenn_a-to-HoweII .HOV project; mclgdes CapltaI-A_dapted. from prior P.S. HOV .
Freeway Express Lanes per mile | 14,600 20 per mile 90 lane moveable barrier, and barrier-transfer machines [study estimates; O&M - Houston Division|
and storage shed; additional O&M cost is of TXDOT/San Diego Coronado Bridge
included for reversible lane operation
. . Reconstruction of sidewalks, drainage system Capital-Build up based upon cost
Arterial Transit Lanes/Two Directions per mile | 7,323 20 11.2 :ﬂgrglowtransn anes to an existing and utilities; landscaping enhancements; R/W  |components of typical project; O&M -
related costs included in R/W cost items Houston Division of TxDOT
Includes reconstruction of c&g and sidewalk;
Arterial Transit Lanes/Reversable per mile | 6,240 20 per mile 17 One center reversable lane L p' 9 study estimates; O&M - Houston Divisior|
O&M cost is included for reversible lane of TXDOT/TTI
operation; R/W related costs included in R/W
cost items
Direct access ramps between express gi?es;d a‘::z:;scofézargzzrg;g?//NrTI1EiI:Oot? 2:]58‘ Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Reversable Drop | per each [ 6,400 30 per each 46 P P y project; ass : ramp study estimates; O&M-Houston Division
lanes and local street maintenance with reversible ramp operations
. . of TXDOT/TTI
calculated on a per unit basis.
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. . " = Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Drop per each| 9,360 30 0.5% Direct access ramps between median | Based upon cost estimate for I-5/NE 145th Street| (1 "o ctimates; 0&M-WSDOT modified
freeway HOV lanes and local street direct access project .
per PB estimates
" . . = _|Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Full Texas T per each | 31,140 30 0.5% Direct access ramps between median  |Based upon cost estimate for I-5/Lynnwood Park-| o e cimates; 0&M-WSDOT modified
freeway HOV lanes and local street and-Ride direct access project .
per PB estimates
or at-grade Direct access ramps between outside gsiz?r:ff:czz?sesrz:ifrtgr;dR:fiiM i‘:‘h Streef Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Drop to Outside per each| 2,500 30 p ar 11.2 0.5 6 general pupose freeway lanes and local e project, ng study estimates; O&M-Based on
ramp miles modifications to 164th Street crossing structure P )
street required Houston Division of TxDOT figures
or at-grade Direct access ramps between median Based upon cost estimate for 1-5/Mountlake Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Full In-Line per each | 2,970 30 P g_ 11.2 0.5 6 HOV lanes and in-line station w/ p. s study estimates; O&M-Based on
ramp miles L Terrace direct access project P )
pedestrian link Houston Division of TxDOT figures
Direct access ramps between freeways . y Capital-Adapted from prior P.S. HOV
HOV Direct Access/Fwy-to-Fwy per each | 71,000 30 0.5% to/from one direction and another (e.g. Based upon cost estimate f.or I-5/1-405/SR525 NE study estimates; O&M-WSDOT modified
Quadrant direct access project .
between east and north) per PB estimates
Based upon cost estimate for SR520/1-5 Express
Direct access reversible ramp between Lanes direct access project; includes access Capital-Adapted from prior P.S. HOV
HOV Direct Access/Fwy-to-Fwy Reversible per each | 11,870 30 per each 46 N P control gates; assumes ¥; mile of ramp study estimates; O&M-WSDOT/Houston
median HOV lanes and express lanes . . ; . o
maintenance with reversible ramp operations Division of TXDOT/TTI
calculated on a per unit basis.
per Parking facility including bus transit Capital cost includes bus zone amenities, access |Capital-Averaged from WSDOT
Park and Ride Lot parking 6.1 20 per 100 stalls 2 25 50 9 Y N 9 improvements, stormwater detention, and examples;0&M-Based on Houston
shelter and pedestrian enhancements . . "
stall landscaping. Division of TxDOT figures
per thousand oK ’ i
Transit Bus - 40 foot Deisel per 230 2 460 12 58 revenue 89 3.0 267 Standard intracity transit bus For use on local service routes. Capital-King County/Metro;0&M-King
vehicle ¥ County/Metro
vehicle hours
per thousand o ’ K
Transit Bus - 60 foot Deisel Articulated per 375 ) (750)] 12 (94)| revenue 89 (3.0) (267)] Standard intracity transit bus For use on express service routes. Capital-King County/Metro;0&M-King
vehicle ¥ County/Metro
vehicle hours
er per thousand Special bus for use in downtown transit |For use on express service routes which operate Capital-King County/Metro,0&M-based
Transit Bus - 60 foot Dual Power Articulated p. 900 12 revenue 89 P P " P upon annual vehicle hours times cost pel
vehicle N tunnel through the Seattle downtown transit tunnel. .
vehicle hours vehicle hour
Subtotal (290) (36) 61
RIGHT-OF-WAY
Right-of-Way acquisition costs along
R/W Adjacent to Arterial per acre 900 | 94.0 84,600 100 5,929 expressways and arterials in north Based upon typical costs for land along SR 99  [Capital-Input from WSDOT; O&M-NA
Seattle
R/W Adjacent to Freeway per acre 500 100 nght-of»vyay acquisition costs along Based upon typical costs for land along I-5 Capital-Input from WSDOT; O&M-NA
freeways in north Seattle
Assumes posible costs to cure impacts from loss
RA Takes/Damages per parcel|  50.0 120 6,000 100 420 Typical extra cost to cover relocations ~ |of af:cess, or cqsts to relocgte and re-establish Capital-Input from WSDOT: O&M-NA
and/or damages business at a different location, or relocate
resident.
Subtotal 90,600 6,349
ITS/ITRAFFIC SYSTEMS
SURVEILLANCE
Detection Loops per mile 234 10 per mile 1.20 In-pavement loops and cables to nearest Fgur—lane per direction, install loop every half Capital-Build up bgsed uplon cost
controller. mile. components of typical projects; O&M-TT|
Closed Circuit TV Camera per each 25.0 10 per each 1.30 ggﬂt':jsr traffic operations along State's Install one every 1.2 mile per direction Capital-WSDOT; O&M-TTI
. . ” . . Roadside equipment to identify bus, Includes reader, antenna, controller interface
Autqmatlc Vehicle Identification/Roadside per signal| 25.0 10 per signal 1.50 check schedule and provide transit module, and local system communications. Capital-King County/Metro; O&M-TTI
Equipment - . " N B S
priority at traffic signal Transit vehicle equipment is listed separately.
Field differential GPS stationary site to . . .
- L . Assume 3 sites are needed. Transit vehicle and . . et
. . . . . " o, provide fixed location information to " N . Capital-Denver Regional Transit District;
Automatic Vehicle Location/Field Equipment per site 300 10 2% transit management equipment is listed .
compensate for topography and O&M-estimated
S separately.
buildings
Data Station pereach| 25.0 10 To support detection Install one station every half mile;08M costs | &1 WSpOT; O8M-TTI
combined w/detection loops
Subtotal
[TRAVELER INFORMATION
Variable Message Signs per each 125 10 per each 4.00 VMS on overhead structures E:g;:as‘:ﬁsg:e includes controller and sign Capital-WSDOT; O&M-TTI
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Highway Advisory Radio site located at
Fixed HAR & Controllers per each 20.0 10 per each 1.00 strategic locations run by WSDOT as a |Add 1 new site at I-5/SR 99/SR 526 Capital-WSDOT; O&M-TTI
part of traffic management system
Kiosk per each 18.0 10 per each 5.00 Located at transit centers Install one kiosk per station Capital-King County/Metro; O&M-TTI
Subtotal
COMMUNICATION
Fiber-Optic Cable per mile 290 10 per mile 0.80 For extended freeway surveillance Ins.ta.ll along the I-5, SR526,. 83526 and tie to Capital-WSDOT; O&M-TTI
systems existing WSDOT owned optic lines
Fiber-Optic Hubs per each 110 330 10 47 per each 8.00 To interchange fiber-optic lines Install one HUB per 3-5 miles Capital-WSDOT; O&M-TTI
Twisted Pair permile | 27.0 10 permile | 0.15 For extented adaptive traffic control Includes trench, conduit, wire, junction boxes  |Capital-WSDOT; O&M-TTI
)
Subtotal 330 47
[TRAFFIC CONTROL
. . . - . Basic O&M cost would remain the same as . .
Coordinated/Adaptive Signal System - Local per Replace existing controllers and cabinets| . - - Capital-Buildup based upon cost
17.5 10 per controller [ 0.50 L N s existing, except for cost related to maintain N N A
Controller controller at major intersections within study area timing/data plans components of typical projects; O&M-TT!
Coordinated/Adaptive Signal System - Master per 10.0 10 per controller | 0.50 To tie local controllers to the system One master for every 29-2§ Io.cefl controller; O&M |Capital-Buildup ba;ed upon cost
Controller controller cost only related to maintain timing/data plans components of typical projects; O&M-TT|
Ramp Metering per each 30.0 10 per each 3.00 Freeway entrance ramp metering station Sjr’:i cost included equipment /hardware & timing Capital-WwSDOT; O&M-TTI
Subtotal
TRAFFIC MANAGEMENT
For adaptive signal system and Assume one workstation, intergration and
Computers & Hardware per each 185 5 per each 170.00 additional freeway system management upgrades to existing signal control room; and one Ca"'Fa' and O&M-National Architecture
\where applicable new employee each for Seattle, Lynnwood, Studies
PP WSDOT, and Everett
Software (various) per each 25 5 per each 34.00 For adaptive signal system Included software installation, programing, and CaplFaI and O&M-National Architecture
system analyst Studies
Communications Extension per mile 27.0 10 per mile 0.15 :;srtlérr\]:(sage to adaptive traffic control Includes trench, conduit, wire, junction boxes Capital-WwSDOT; O&M-TTI
Subtotal
ITRANSIT MANAGEMENT
Computer system to receive and
process AVL polling data from buses ¥ . . ot e
Computers & Hardware for AVL System per each 300 10 15% and provide location, schedule Assume |5 North Corridor allocation of 30 Capital Dgnver Reg\cnal Transit District:
L . . percent of the total cost. O&M-National Architecture Studies
adherance, and incidence information to
dispatchers
Software for AVL Controller and Assume |-5 North Corridor allocation of 30 Capital-Denver Regional Transit District:
9
Software pereach| 150.0 0 2% Dispatch Stations percent of the total cost. O&M-National Architecture Studies
Radio communcations to receive AVL  |Assume I-5 North Corridor allocation of 30 Capital-Denver Regional Transit District:
Facilities and Communications per each 500 10 15% data, and dispatch stations including percent of the total cost. No additional dispatch P . 9 :
. O&M-National Architecture Studies
CRTs and microcomputers staff needed.
Subtotal
[TRANSIT VEHICLE INTERFACES
Transponder device located on buses . . . . X
In-vehicle Transponder for AVI per bus 0.6 10 2% used to identify bus at roadside readers All buses plus spares \{vh{ch.are on rgutes which Capltal-Klng County/Metro_, O&M-
. . pass through transit priority intersections. National Architecture Studies
at for signal priority treatment
. ....__|Consists of radio, vehicle logic unit, driver
. . AVL. on-boar_d eqmpmer_\t for establishing interface, radio antenna, and GPS antenna. All  |Capital-Denver Regional Transit District:
In-vehicle AVL Equipment per bus 9.0 10 per bus 1.5 vehicle location, assessing schedule O L
. . . . buses providing service in and through the |-5 O&M-TTI
status, and interfacing with driver N
North Corridor.
Subtotal
INCIDENT MANAGEMENT
Central tracking system/software and Capital-WSDOT:08&M-National
Central Tracking/Dispatch per each 600 10 5% Mayday software/GIS integration; System sized for I-5 North Corridor. pi "
. Architecture Studies
dispatch system.
. . ohi . Capital-Rockwell Path Master system
In-vehicle Dynamic Route Guidance per each 4.0 10 10% For tra(.:kmg system and routg gL_udance In yehlcle radio, GPS antenna, GPS route plus add-on items; O&M-National
to provide faster response to incidents  [guidance system. ) "
Architecture Studies
Subtotal
GRAND TOTAL 336,748 27,456 252 773
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Interactive fixed-end trip planning 5.5 mil trips withn/thru study area x 6.87 = 800 k
. i - i - 750
Pre-Trip Planning Services NA pgr . 0.12 service; 10% of travelers; no capital cost hh, .2'32 trlpslr.\h—°1 86 mil pgrsons, 35 % Capital-NA; O&M-Mitretek assumption
subscription . eligible=900 k;10% penetration rate=90 k
beyond baseline !
subscribers
In-vehicle equipment costs include GPS, [5.5 mil trips withn/thru study area x 6.87 = 800 k ot . Lo
Personal Dynamic Route Guidance d per 0.8 7 per 0.12 map database, communications hh; 1.41 autos per hh=1.13 mil veh; 10% Capital _Nahonal Archngcture Studies;
levice subscription N . . _ O&M-Mitretek assumption
transceiver, processor, GUI, and display [penetration rate=113 k veh

REFERENCES:

TransCore-Interim Handbook on ITS Within the Transportation Planning Process, TransCore (formerly JHK & Associates), December 1996, Appendix E.

WSDOT-TSMC SC & DI Operations/Implementation Plan, WSDOT, October 1994.
TTI-Guidelines for Funding Operations and Maintenance of ITS/ATMS, Texas Transportation Institute, November 1996.
National Architecture Studies-ITS Architecture Cost Analysis, Federal Highway Administration/Joint Architecture Team, June 1996.
King County/Metro-King County transit operator, Dan Overguard/David Cantay/Mike Voris, May 1997
Denver RTD-Denver Regional Transit District, Lou Ha, June 1997

COSTEST3.XLS

2/18/2004




SEATTLE I-5 NORTH MIS/COST ESTIMATE WORKSHEET-Alternative: SOV Capacity Plus ITS

O & M COST
CAPITAL COST COMPUTED USING COMPUTED AS %
UNIT COSTS & QUANTITIES OF CAPITAL COST]
< =
=R < <
< w S X 24 X
- g [k |g% - e | 8 &
= =
TN c 8.1 E| B |cglgfl o |8/ E|B|Z|5B
E cl| E = w = E c| E
=z o 5, z 8 =4 | NB =z o ;‘, z o E o DESCRIPTION ASSUMPTIONS SOURCE FOR COST DATA
=) E= < ow (I§ =) E= < - 2 -
z 2 3 Zz | <& Z 3 < S <
=] s = (<] =R =] <] = =]
o (%] =z _ z L z
=4 w Zg z o =z
<s < N <
HIGHWAY/TRANSIT FACILITIES
SOV FACILITIES
Two new lanes/6 lanes total; includes outside
Conversion of unlimited access arterial shoulders, sidewalks and pedestrian Capital-Build up based upon cost
Expressway Conversion per mile | 6,142 14 85,988 20 8,117 per mile 11.2 14 157 . . overcrossing structures; cost excludes components of typical project; O&M -
to partial access control; add 2 lanes . S L
interchanges & grade separations; R/W related [Houston Division of TXDOT
costs included in R/W cost items
Widening of full access controlled Construct divided highway; substantial earthwork gc?gltf;gﬁlllsq :zli':;:: Lljzi?\n ?c-ozint
Limited Access Widening per mile | 1,831 3 5,493 20 519 per mile 1.2 3 34 g and drainage system construction required; R/W P N a 9
freeway; add 2 lanes . . . WSDOT estimate; O&M - Houston
related costs included in R/W cost items s
Division of TxDOT
Grade separated crossing with access  |Compressed diamond with retaining walls; Capital-Build up based upon cost
o, ramps connecting the crossing crossing road crosses over expressway; includes |components of typical project; validated
Interchange (full) per each | 10,631 9 95,679 30 7,710 per each 9 05% 478 roadways; diamond configuration; for signals at ramp terminals; R/W related costs using recent WSDOT estimate; O&M-
Expressway included in R/W cost items WSDOT modified per PB estimates
Grade separated crossing with access  |Compressed diamond with retaining walls; Capital-Build up based upon cost
o, ramps connecting the crossing crossing road crosses over expressway; includes |components of typical project; validated
Interchange (half) pereach| 7,442 2 14,884 30 1,199 per each 2 05% I roadways; diamond configuration; for signals at ramp terminals; R/W related costs using recent WSDOT estimate; O&M-
Expressway included in R/W cost items WSDOT modified per PB estimates
. Capital-Build up based upon cost
Grade separated crossing of two roads Crossing road crosses over expressway; R/'W components of typical project; validated
) o ] 2 ; ;
Grade Separated Crossing per each | 4,896 9 44,064 30 3,551 per each 9 0.5% 220 \g:h:)eustsrvz\a:p connections; for related costs included in RIW cost items using recent WSDOT estimate; O8M-
P Y WSDOT modified per PB estimates
Subtotal 246,108 21,096 191 773
HOV/TRANSIT FACILITIES
Limited/no existing median to enable widening; [Capital-Build up based upon cost
. Add barrier separated HOV lanes to includes bridge widenings for crossing structures |components of typical project; validated
New HOV Lanes on Freeway permile | 8,780 20 "2 existing freeway and reconstruction of ramps at interchanges; using recent WSDOT estimate; O&M -
R/W related costs included in R/W cost items Houston Division of TXDOT
Limited/no existing median to enable widening;
- . includes bridge widenings for crossing structures LRy
Upgrade HOV Lanes on Freeway per mile | 7,616 20 ;J:gar?;zdera'it;lgoﬂ?;rf;ﬁ: to barrier and reconstruction of ramps at interchanges; (c:;riltzlng:ltf;pt beil:;d L:gi r;;:osl
P Y R/W related costs included in R/W cost items; P ypical project
Incremental O&M costs assumed negligible
. - Capital-Build up based upon cost
. Add truss arch section to support widening; . DR
New HOV Lanes on Deck-Truss Bridge per foot 16.1 30 0.25% Add.HOV lanes to deck_truss bridge/no sidewalks replaced; R/W related costs included in componenls of typical prgject, Yalldated
barrier or buffer separation RIW cost items using recent WSDOT estimate; O&M-
WSDOT modified per PB estimates
Reconstruction of sidewalks, drainage system
Add HOV lanes to expressway/no barrierand utilities; landscaping enhancements; roadway| Capital-Build up based upon cost
New HOV Lanes on Expressway per mile | 7,626 20 11.2 or buffer separation P! V! and pedestrian crossing structures modified; components of typical project; O&M -
P excludes costs for bridge over ship canal; R/W  |Houston Division of TxDOT
related costs included in R/W cost items
Based upon cost estimate for I-5 Express
New HOV Contra-Flow Reversable Lane on . " Add HOV moveable barrier-separated Lanes/Ravenn_a-to-HoweII .HOV project; mclgdes CapltaI-A_dapted. from prior P.S. HOV .
Freeway Express Lanes per mile | 14,600 20 per mile 90 lane moveable barrier, and barrier-transfer machines [study estimates; O&M - Houston Division|
and storage shed; additional O&M cost is of TXDOT/San Diego Coronado Bridge
included for reversible lane operation
. . Reconstruction of sidewalks, drainage system Capital-Build up based upon cost
Arterial Transit Lanes/Two Directions per mile | 7,323 20 11.2 :ﬂgrglowtransn anes to an existing and utilities; landscaping enhancements; R/W  |components of typical project; O&M -
related costs included in R/W cost items Houston Division of TxDOT
Includes reconstruction of c&g and sidewalk;
Arterial Transit Lanes/Reversible per mile | 6,240 20 per mile 17 One center reversible lane L p' 9 study estimates; O&M - Houston Divisior|
O&M cost is included for reversible lane of TXDOT/TTI
operation; R/W related costs included in R/W
cost items
Direct access ramps between express gi?es;d a‘::z:;scofézargzzrg;g?//NrTI1EiI:Oot? 2:]58‘ Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Reversible Drop | per each [ 6,400 30 per each 46 P P y project; ass : ramp study estimates; O&M-Houston Division
lanes and local street maintenance with reversible ramp operations
. . of TXDOT/TTI
calculated on a per unit basis.
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. . " = Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Drop per each| 9,360 30 0.5% Direct access ramps between median | Based upon cost estimate for I-5/NE 145th Street| (1 "o ctimates; 0&M-WSDOT modified
freeway HOV lanes and local street direct access project .
per PB estimates
" . . = _|Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Full Texas T per each | 31,140 30 0.5% Direct access ramps between median  |Based upon cost estimate for I-5/Lynnwood Park-| o e cimates; 0&M-WSDOT modified
freeway HOV lanes and local street and-Ride direct access project .
per PB estimates
or at-grade Direct access ramps between outside gsiz?r:ff:czz?sesrz:ifrtgr;dR:fiiM i‘:‘h Streef Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Drop to Outside per each| 2,500 30 p ar 11.2 0.5 6 general purpose freeway lanes and local e project, ng study estimates; O&M-Based on
ramp miles modifications to 164th Street crossing structure P )
street required Houston Division of TxDOT figures
or at-grade Direct access ramps between median Based upon cost estimate for 1-5/Mountlake Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Full In-Line per each | 2,970 30 P g_ 11.2 0.5 6 HOV lanes and in-line station w/ p. s study estimates; O&M-Based on
ramp miles L Terrace direct access project P )
pedestrian link Houston Division of TxDOT figures
Direct access ramps between freeways . y Capital-Adapted from prior P.S. HOV
HOV Direct Access/Fwy-to-Fwy per each | 71,000 30 0.5% to/from one direction and another (e.g. Based upon cost estimate f.or I-5/1-405/SR525 NE study estimates; O&M-WSDOT modified
Quadrant direct access project .
between east and north) per PB estimates
Based upon cost estimate for SR520/1-5 Express
Direct access reversible ramp between Lanes direct access project; includes access Capital-Adapted from prior P.S. HOV
HOV Direct Access/Fwy-to-Fwy Reversible per each | 11,870 30 per each 46 N P control gates; assumes ¥; mile of ramp study estimates; O&M-WSDOT/Houston
median HOV lanes and express lanes . . ; . o
maintenance with reversible ramp operations Division of TXDOT/TTI
calculated on a per unit basis.
per Parking facility including bus transit Capital cost includes bus zone amenities, access |Capital-Averaged from WSDOT
Park and Ride Lot parking 6.1 20 per 100 stalls 2 25 50 9 Y N 9 improvements, stormwater detention, and examples;0&M-Based on Houston
shelter and pedestrian enhancements . . "
stall landscaping. Division of TxDOT figures
per thousand oK ’ i
Transit Bus - 40 foot Diesel per 230| (16) | (3.680) 12 (463)|  revenue 89 | (44.9) | (3992) Standard intracity transit bus For use on local service routes. Capital-King County/Metro;0&M-King
vehicle ¥ County/Metro
vehicle hours
per thousand o ’ K
Transit Bus - 60 foot Diesel Articulated per 375 4) (1,500)[ 12 (189)| revenue 89 (6.0) (534)] Standard intracity transit bus For use on express service routes. Capital-King County/Metro;0&M-King
vehicle ¥ County/Metro
vehicle hours
er per thousand Special bus for use in downtown transit |For use on express service routes which operate Capital-King County/Metro,0&M-based
Transit Bus - 60 foot Dual Power Articulated pe 900 | (1) (900) 12 (113)|  revenue 89 | (15 (134) P P v P upon annual vehicle hours times cost pe
vehicle N tunnel through the Seattle downtown transit tunnel. .
vehicle hours vehicle hour
Subtotal (6,080) (765) (4,598)
RIGHT-OF-WAY
Right-of-Way acquisition costs along
R/W Adjacent to Arterial per acre 900 94 84,600 100 5,929 expressways and arterials in north Based upon typical costs for land along SR 99  [Capital-Input from WSDOT; O&M-NA
Seattle
R/W Adjacent to Freeway per acre 500 100 nght-of»vyay acquisition costs along Based upon typical costs for land along I-5 Capital-Input from WSDOT; O&M-NA
freeways in north Seattle
Assumes possible costs to cure impacts from
R/W Takes/Damages per parcell  50.0 | 120 6,000 | 100 420 Typical exira cost to cover relocations  |l0ss of access, or costs to relocate and re- Capital-Input from WSDOT; O&M-NA
and/or damages establish business at a different location, or
relocate resident.
Subtotal 90,600 6,349
ITS/ITRAFFIC SYSTEMS
SURVEILLANCE
Detection Loops per mile 234 37 866 10 123 per mile 1.20 37 44 In-pavement loops and cables to nearest Fgur—lane per direction, install loop every half Capital-Build up bgsed uplon C§sl
controller. mile. components of typical projects; O&M-TT|
Closed Circuit TV Camera pereach| 250 61 1525| 10 217 | pereach | 1.30 | 61 79 ggﬂt':’s' traffic operations along State's |, .l 5ne every 1.2 mile per direction Capital-WSDOT; O&M-TTI
Automatic Vehicle Identification/Roadside Roadside equipment to identify bus, Includes reader, antenna, controller interface
Equipment persignal| 25.0 | 205 5,125 10 730 | per signal 1.50 205 308 check schedule and provide transit module, and local system communications. Capital-King County/Metro; O&M-TTI
auip! priority at traffic signal Transit vehicle equipment is listed separately.
Field differential GPS stationary site to . . .
rovide fixed location information to Assume 3 sites are needed. Transit vehicle and Capital-Denver Regional Transit District;
Automatic Vehicle Location/Field Equipment per site 300 3 900 10 128 2% 18 |P transit management equipment is listed P! . 9 ’
compensate for topography and O&M-estimated
S separately.
buildings
Data Station pereach| 250| 42 1,050 | 10 149 2% 21 |To support detection Install one station every half mile;08M costs | &1 WSpOT; O8M-TTI
combined w/detection loops
Subtotal 9,466 1,347 431 39
[TRAVELER INFORMATION
Variable Message Signs pereach| 125| 22 2,750 | 10 302| pereach | 400 | 22 88 VMS on overhead structures E:ggr:‘"’s‘:ﬁ;'g; includes controller and sign Capital-WSDOT; O&M-TTI
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Highway Advisory Radio site located at
Fixed HAR & Controllers per each 20.0 1 20 10 3 per each 1.00 1 1 strategic locations run by WSDOT as a |Add 1 new site at I-5/SR 99/SR 526 Capital-WSDOT; O&M-TTI
part of traffic management system
Kiosk per each 18.0 10 180 10 26 per each 5.00 10 50 Located at transit centers Install one kiosk per station Capital-King County/Metro; O&M-TTI
Subtotal 2,950 421 139 421
COMMUNICATION
Fiber-Optic Cable permie | 200 | 26 7540 10 | 1,074| permie | 080 | 26 21 For extended freeway surveillance Install along the I-5, SR526, SR&26 and tieto |6 i1 wspOT; OBM-TTI
systems existing WSDOT owned optic lines
Fiber-Optic Hubs per each 110 6 330 10 47 per each 8.00 6 48 To interchange fiber-optic lines Install one HUB per 3-5 miles Capital-WSDOT; O&M-TTI
Twisted Pair permile | 27.0| 238 | 6426| 10 915| permie | 0.15 | 238 36 For extended adaptive traffic control ., eg trench, conduit, wire, junction boxes  |Capital-WSDOT; O&M-TTI
)
Subtotal 14,296 2,036 105
[TRAFFIC CONTROL
Coordinated/Adaptive Signal System - Local er Replace existing controllers and cabinets| Basic O&M cost would remain the same as Capital-Buildup based upon cost
P gnal Sy P 17.5| 333 5828 10 830 | per controller | 0.50 | 333 167 place ¢ g controler existing, except for cost related to maintain P! P based upon co
Controller controller at major intersections within study area timing/data plans components of typical projects; O&M-TT!
Coordinated/Adaptive Signal System - Master per 10.0 14 140 10 20 | per controller | 0.50 14 7 To tie local controllers to the system One master for every 29-2§ Io.cefl controller; O&M |Capital-Buildup ba;ed upon cost
Controller controller cost only related to maintain timing/data plans components of typical projects; O&M-TT|
Ramp Metering per each 30.0 3 90 10 13 per each 3.00 3 9 Freeway entrance ramp metering station Sjr’:i cost included equipment /hardware & timing Capital-WwSDOT; O&M-TTI
Subtotal 6,058 863 183
TRAFFIC MANAGEMENT
. . Assume one workstation, intergration and
For adaptive signal system and upgrades to existing signal control room; and one|Capital and O&M-National Architecture
Computers & Hardware per each 185 5 925 5 226 per each |170.00 5 850 additional freeway system management P9 9 sig ’ pi
\where applicable new employee each for Seattle, Lynnwood, Studies
PP WSDOT, and Everett
Software (various) per each 25 5 113 5 27 per each 34.00 5 170 For adaptive signal system Included software installation, programing, and CaplFaI and O&M-National Architecture
system analyst Studies
Communications Extension per mile 27.0 5 135 10 19 per mile 0.15 5 1 :;srtlérr\]:(sage to adaptive traffic control Includes trench, conduit, wire, junction boxes Capital-WSDOT; O&M-TTI
Subtotal 1,173 272 1,021
ITRANSIT MANAGEMENT
Computer system to receive and
process AVL polling data from buses ¥ . . ot e
Computers & Hardware for AVL System per each 300 1 300 10 43 15% 45 |and provide location, schedule Assume |5 North Corridor allocation of 30 Capital Dgnver Reg\cnal Transit District:
L . . percent of the total cost. O&M-National Architecture Studies
adherance, and incidence information to
dispatchers
Software for AVL Controller and Assume |-5 North Corridor allocation of 30 Capital-Denver Regional Transit District:
9
Software pereach| 150.0 ! 150 0 21 2% Dispatch Stations percent of the total cost. O&M-National Architecture Studies
Radio communcations to receive AVL  [Assume I-5 North Corridor allocation of 30 Capital-Denver Regional Transit District:
Facilities and Communications per each 500 1 500 10 al 15% 75 |data, and dispatch stations including percent of the total cost. No additional dispatch P . 9 :
. O&M-National Architecture Studies
CRTs and microcomputers staff needed.
Subtotal 950 135 123
[TRANSIT VEHICLE INTERFACES
Transponder device located on buses . . " . .
In-vehicle Transponder for AVI per bus 06| 406 244 10 35 2% 5 |used to identify bus at roadside readers All buses plus spares \{vh{ch.are on rgutes which Capltal-Klng County/Metro_, O&M-
. . pass through transit priority intersections. National Architecture Studies
at for signal priority treatment
. . .. __|Consists of radio, vehicle logic unit, driver
AVL on-board equipment for establishing|. L ! — . -
In-vehicle AVL Equipment per bus 90| 825 7425 10 1,057 |  perbus 15 | 825 1,238 Vehicle location, assessing schedule | "e"1ace, radio antenna, and GPS antenna. All | Capital-Denver Regional Transit District:
. . . . buses providing service in and through the |-5 O&M-TTI
status, and interfacing with driver N
North Corridor.
Subtotal 7,669 1,092 1,238 5
INCIDENT MANAGEMENT
Central tracking system/software and Capital-WSDOT:08&M-National
Central Tracking/Dispatch per each 600 1 600 10 85 5% 30 |Mayday software/GIS integration; System sized for I-5 North Corridor. pi "
. Architecture Studies
dispatch system.
. . ohi . Capital-Rockwell Path Master system
In-vehicle Dynamic Route Guidance per each 4.0 4 16 10 2 10% 2 For tra(.:kmg system and routg gL_udance In yehlcle radio, GPS antenna, GPS route plus add-on items; O&M-National
to provide faster response to incidents  [guidance system. ) "
Architecture Studies
Subtotal 616 87 32
GRAND TOTAL 373,804 32,933 (1,292) 1,393
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Interactive fixed-end trip planning 5.5 mil trips withn/thru study area x 6.87 = 800 k
. i - i - 750
Pre-Trip Planning Services NA pgr . 0.12 | 90,000 10,800 service; 10% of travelers; no capital cost hh, .2'32 tnpslr.\h 01 86 mil pgrsons, 35 % Capital-NA; O&M-Mitretek assumption
subscription . eligible=900 k;10% penetration rate=90 k
beyond baseline !
subscribers
er e In-vehicle equipment costs include GPS, [5.5 mil trips withn/thru study area x 6.87 = 800 k Capital-National Architecture Studies:
Personal Dynamic Route Guidance pe 0.8 (113,000 | 90,400 7 16,774 per 0.12 {113,000 13,560 map database, communications hh; 1.41 autos per hh=1.13 mil veh; 10% pitak” X '
device subscription N . . _ O&M-Mitretek assumption
transceiver, processor, GUI, and display [penetration rate=113 k veh

REFERENCES:

TransCore-Interim Handbook on ITS Within the Transportation Planning Process, TransCore (formerly JHK & Associates), December 1996, Appendix E.

WSDOT-TSMC SC & DI Operations/Implementation Plan, WSDOT, October 1994.
TTI-Guidelines for Funding Operations and Maintenance of ITS/ATMS, Texas Transportation Institute, November 1996.
National Architecture Studies-ITS Architecture Cost Analysis, Federal Highway Administration/Joint Architecture Team, June 1996.
King County/Metro-King County transit operator, Dan Overguard/David Cantay/Mike Voris, May 1997
Denver RTD-Denver Regional Transit District, Lou Ha, June 1997
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HIGHWAY/TRANSIT FACILITIES
ISOV FACILITIES
Two new lanes/6 lanes total; includes outside
Conversion of unlimited access arterial shoulders, sidewalks and pedestrian Capital-Build up based upon cost
Expressway Conversion per mile | 6,142 20 per mile 11.2 {0 partial access control: add 2 lanes overcrossing structures; cost excludes components of typical project; O&M -
p ! interchanges & grade separations; R/W related  |Houston Division of TXDOT
costs included in R/W cost items
S Construct divided highway; substantial earthwork CapltaI-Bullq up pased uplon cost
. - . . Widening of full access controlled . y s components; validated using recent
Limited Access Widening per mile | 1,831 20 per mile 1.2 A and drainage system construction required; R/W N a
freeway; add 2 lanes N . . WSDOT estimate; O&M - Houston
related costs included in R/W cost items s
Division of TxDOT
Grade separated crossing with access  |Compressed diamond with retaining walls; Capital-Build up based upon cost
o, ramps connecting the crossing crossing road crosses over expressway; includes |components of typical project; validated
Interchange (full) per each | 10,631 30 05% roadways; diamond configuration; for signals at ramp terminals; R/W related costs using recent WSDOT estimate; O&M-
Expressway included in R/W cost items WSDOT modified per PB estimates
Grade separated crossing with access  |Compressed diamond with retaining walls; Capital-Build up based upon cost
o, ramps connecting the crossing crossing road crosses over expressway; includes |components of typical project; validated
Interchange (half) pereach| 7,442 30 05% roadways; diamond configuration; for signals at ramp terminals; R/W related costs using recent WSDOT estimate; O&M-
Expressway included in R/W cost items WSDOT modified per PB estimates
. Capital-Build up based upon cost
Grade separated crossing of two roads . ) . DR
Grade Separated Crossing per each | 4,896 30 0.5% without ramp connections; for Crossing road crosses over expressway; R/'W components of typical project; validated
! : Expresswa ’ related costs included in R/W cost items using recent WSDOT estimate; O&M-
P Y WSDOT modified per PB estimates
Subtotal
HOV/TRANSIT FACILITIES
Limited/no existing median to enable widening; [Capital-Build up based upon cost
New HOV Lanes on Freeway per mile | 8780 9 79,020 20 7.459 per mile 12 9 101 Advd parrler separated HOV lanes to includes bridge ywdenlngs for crossmg struct.ures components of typical prqject; Yalldated
existing freeway and reconstruction of ramps at interchanges; using recent WSDOT estimate; O&M -
R/W related costs included in R/W cost items Houston Division of TXDOT
Limited/no existing median to enable widening;
- . includes bridge widenings for crossing structures LRy
Upgrade HOV Lanes on Freeway per mile | 7,616 15 114,240 20 10,783 per mile 15 ;J:gar?;zdera'it;lgoﬂ?;rf;ﬁ: to barrier and reconstruction of ramps at interchanges; (c:;riltzlng:ltf;pt beil:;d L:gir;:osl
P Y R/W related costs included in R/W cost items; P ypical project
Incremental O&M costs assumed negligible
. - Capital-Build up based upon cost
g . Add truss arch section to support widening; . DR
New HOV Lanes on Deck-Truss Bridge perfoot | 16.1| 2,900 | 46,690 30 3,763 0.25% 117 |Add HOV lanes to deck-truss bridge/no |1k replaced; RIW related costs included in|COmPOnents of typical project; validated
barrier or buffer separation RIW cost items using recent WSDOT estimate; O&M-
WSDOT modified per PB estimates
Reconstruction of sidewalks, drainage system
Add HOV lanes to expressway/no barrierand utilities; landscaping enhancements; roadway| Capital-Build up based upon cost
New HOV Lanes on Expressway permile | 7,626 | 3.75 28,598 20 2,699 per mile 11.2 4 42 3 P! V! and pedestrian crossing structures modified; components of typical project; O&M -
or buffer separation N 3 ) L
excludes costs for bridge over ship canal; R/W  |Houston Division of TxDOT
related costs included in R/W cost items
Based upon cost estimate for I-5 Express
| " .y Lanes/Ravenna-to-Howell HOV project; includes |Capital-Adapted from prior P.S. HOV
E;z::VESOQZ Elac:]v;sReversmle Lane on per mile | 14,600 3.9 56,940 20 5,375 per mile 101 3.9 395 I/-;:i HOV moveable barrier-separated moveable barrier, and barrier-transfer machines |study estimates; O&M - Houston Divisior]
Y Exp and storage shed; additional O&M cost is of TXDOT/San Diego Coronado Bridge
included for reversible lane operation
Add HOV/transit lanes to an existin Reconstruction of sidewalks, drainage system Capital-Build up based upon cost
Arterial Transit Lanes/Two Directions per mile | 7,323 25 183,075 20 17,281 per mile 11.2 25 281 N 9 and utilities; landscaping enhancements; R/W  |components of typical project; O&M -
arterial . . . s
related costs included in R/W cost items Houston Division of TxDOT
Includes reconstruction of c&g and sidewalk;
Arterial Transit Lanes/Reversible per mile | 6,240 4 24,960 20 2,356 per mile 28 4 113 One center reversible lane L p' 9 study estimates; O&M - Houston Divisior|
O&M cost is included for reversible lane of TXDOT/TTI
operation; R/W related costs included in R/W
cost items
Direct access ramps between express gi?es;d a‘ézzzscofé'zi?:ﬁ:g;g?//hlrﬁZO;? 2:]58‘ Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Reversible Drop | per each [ 6,400 1 6,400 30 516 per each 46 1 46 P P y project; ass : ramp study estimates; O&M-Houston Division
lanes and local street maintenance with reversible ramp operations
. . of TXDOT/TTI
calculated on a per unit basis.
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. . " = Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Drop pereach| 9,360 | 2 18,720 | 30 1,509 0.5% g4 |Direct access ramps between median | Based upon cost estimate for -5/NE 145th Street| & o imates; 0&M-WSDOT modified
freeway HOV lanes and local street direct access project .
per PB estimates
" . . = _|Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Full Texas T pereach|31,140 | 2 62,280 | 30 5,019 0.5% 311 |Direct access ramps between median  |Based upon cost estimate for I-5/Lynnwood Park-| o timates: O8M-WSDOT modified
freeway HOV lanes and local street and-Ride direct access project .
per PB estimates
or at-grade Direct access ramps between outside gsiz?r:ff:czz?sesrz:ifrtgr;dR:fiiM i‘:‘h Streef Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Drop to Outside per each| 2,500 1 2,500 30 201 | P ar: 11.2 0.5 6 general pupose freeway lanes and local e project, ng study estimates; O&M-Based on
ramp miles modifications to 164th Street crossing structure P )
street required Houston Division of TxDOT figures
or at-grade Direct access ramps between median Based upon cost estimate for 1-5/Mountlake Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Full In-Line per each | 2,970 1 2,970 30 239 P g_ 11.2 0.5 6 HOV lanes and in-line station w/ p. s study estimates; O&M-Based on
ramp miles L Terrace direct access project P )
pedestrian link Houston Division of TxDOT figures
Direct access ramps between freeways . y Capital-Adapted from prior P.S. HOV
HOV Direct Access/Fwy-to-Fwy per each | 71,000 1 71,000 30 5,722 0.5% 355 |to/from one direction and another (e.g. Based upon cost estimate f.or I-5/1-405/SR525 NE study estimates; O&M-WSDOT modified
Quadrant direct access project .
between east and north) per PB estimates
Based upon cost estimate for SR520/1-5 Express
Direct access reversible ramp between Lanes direct access project; includes access Capital-Adapted from prior P.S. HOV
HOV Direct Access/Fwy-to-Fwy Reversible per each | 11,870 1 11,870 30 957 per each 46 1 46 N P control gates; assumes ¥; mile of ramp study estimates; O&M-WSDOT/Houston
median HOV lanes and express lanes . . ; . o
maintenance with reversible ramp operations Division of TXDOT/TTI
calculated on a per unit basis.
per Parking facility including bus transit Capital cost includes bus zone amenities, access |Capital-Averaged from WSDOT
Park and Ride Lot parking 6.1| 2,480 15,128 20 1,428 | per 100 stalls 2 25 50 9 Y N 9 improvements, stormwater detention, and examples;0&M-Based on Houston
shelter and pedestrian enhancements . . "
stall landscaping. Division of TxDOT figures
per thousand oK ’ i
Transit Bus - 40 foot Diesel per 230 19 4,370 12 550 revenue 89 53.9 4,797 Standard intracity transit bus For use on local service routes. Capital-King County/Metro;0&M-King
vehicle ¥ County/Metro
vehicle hours
per thousand o ’ K
Transit Bus - 60 foot Diesel Articulated pgr 375 89 33,375 12 4,202 revenue 89 324.9 28,916 Standard intracity transit bus For use on express service routes. Capital-King County/Metro;0&M-King
vehicle ¥ County/Metro
vehicle hours
er per thousand Special bus for use in downtown transit |For use on express service routes which operate Capital-King County/Metro,0&M-based
Transit Bus - 60 foot Dual Power Articulated pe 900 [ 11 9900| 12 1,246 | revenue | 89 | 384 3,418 it P ICh OPSMALe | upon annual vehicle hours times cost pe
vehicle N tunnel through the Seattle downtown transit tunnel. .
vehicle hours vehicle hour
Subtotal 772,036 71,305 38,215 877
RIGHT-OF-WAY
Right-of-Way acquisition costs along
R/W Adjacent to Arterial per acre 900 | 334 30,060 100 2,107 expressways and arterials in north Based upon typical costs for land along SR 99  [Capital-Input from WSDOT; O&M-NA
Seattle
R/W Adjacent to Freeway per acre 500 | 103.8 51,900 | 100 3,637 nght-of»vyay acquisition costs along Based upon typical costs for land along I-5 Capital-Input from WSDOT; O&M-NA
freeways in north Seattle
Assumes posible costs to cure impacts from loss
RA Takes/Damages per parcel|  50.0 281 14,050 100 985 Typical extra cost to cover relocations ~ |of af:cess, or cqsts to relocgte and re-establish Capital-Input from WSDOT: O&M-NA
and/or damages business at a different location, or relocate
resident.
Subtotal 96,010 6,729
ITS/ITRAFFIC SYSTEMS
SURVEILLANCE
Detection Loops per mile 234 10 per mile 1.20 In-pavement loops and cables to nearest Fgur—lane per direction, install loop every half Capital-Build up bgsed uplon cost
controller. mile. components of typical projects; O&M-TT|
Closed Circuit TV Camera per each 25.0 10 per each 1.30 ggﬂt':jsr traffic operations along State's Install one every 1.2 mile per direction Capital-WSDOT; O&M-TTI
. . ” . . Roadside equipment to identify bus, Includes reader, antenna, controller interface
Autqmatlc Vehicle Identification/Roadside per signal| 25.0 10 per signal 1.50 check schedule and provide transit module, and local system communications. Capital-King County/Metro; O&M-TTI
Equipment - . " N B S
priority at traffic signal Transit vehicle equipment is listed separately.
Field differential GPS stationary site to . . .
- L . Assume 3 sites are needed. Transit vehicle and . . et
. . . . . " o, provide fixed location information to " N . Capital-Denver Regional Transit District;
Automatic Vehicle Location/Field Equipment per site 300 10 2% transit management equipment is listed .
compensate for topography and O&M-estimated
S separately.
buildings
Data Station pereach| 25.0 10 2% To support detection Install one station every half mile;08M costs | &1 WSpOT; O8M-TTI
combined w/detection loops
Subtotal
[TRAVELER INFORMATION
Variable Message Signs per each 125 10 per each 4.00 'VMS on overhead structures E:g;:as‘:ﬁsg:e includes controller and sign Capital-WSDOT; O&M-TTI
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Highway Advisory Radio site located at
Fixed HAR & Controllers per each 20.0 10 per each 1.00 strategic locations run by WSDOT as a |Add 1 new site at I-5/SR 99/SR 526 Capital-WSDOT; O&M-TTI
part of traffic management system
Kiosk per each 18.0 10 per each 5.00 Located at transit centers Install one kiosk per station Capital-King County/Metro; O&M-TTI
Subtotal
COMMUNICATION
Fiber-Optic Cable per mile 290 10 per mile 0.80 For extended freeway surveillance Ins.ta.ll along the I-5, SR526,. 83526 and tie to Capital-WSDOT; O&M-TTI
systems existing WSDOT owned optic lines
Fiber-Optic Hubs per each 110 330 10 47 per each 8.00 To interchange fiber-optic lines Install one HUB per 3-5 miles Capital-WSDOT; O&M-TTI
Twisted Pair per mile | 27.0 10 permile | 0.15 For extented adaptive traffic control ) 4es trench, conduit, wire, junction boxes  |Capital-WSDOT; O8M-TTI
)
Subtotal 330 47
[TRAFFIC CONTROL
. . . - . Basic O&M cost would remain the same as . .
Coordinated/Adaptive Signal System - Local per Replace existing controllers and cabinets| . - - Capital-Buildup based upon cost
17.5 10 per controller [ 0.50 L N s existing, except for cost related to maintain N N A
Controller controller at major intersections within study area timing/data plans components of typical projects; O&M-TT!
Coordinated/Adaptive Signal System - Master per 10.0 10 per controller | 0.50 To tie local controllers to the system One master for every 29-2§ Io.cefl controller; O&M |Capital-Buildup ba;ed upon cost
Controller controller cost only related to maintain timing/data plans components of typical projects; O&M-TT|
Ramp Metering per each 30.0 10 per each 3.00 Freeway entrance ramp metering station Sjr’:i cost included equipment /hardware & timing Capital-WwSDOT; O&M-TTI
Subtotal
TRAFFIC MANAGEMENT
For adaptive signal system and Assume one workstation, intergration and
Computers & Hardware per each 185 5 per each 170.00 additional freeway system management upgrades to existing signal control room; and one Ca"'Fa' and O&M-National Architecture
\where applicable new employee each for Seattle, Lynnwood, Studies
PP WSDOT, and Everett
Software (various) per each 25 5 per each 34.00 For adaptive signal system Included software installation, programing, and CaplFaI and O&M-National Architecture
system analyst Studies
Communications Extension per mile 27.0 10 per mile 0.15 :;srtlérr\]:(sage to adaptive traffic control Includes trench, conduit, wire, junction boxes Capital-WwSDOT; O&M-TTI
Subtotal
ITRANSIT MANAGEMENT
Computer system to receive and
process AVL polling data from buses ¥ . . ot e
Computers & Hardware for AVL System per each 300 10 15% and provide location, schedule Assume |5 North Corridor allocation of 30 Capital Dgnver Reg\cnal Transit District:
L . . percent of the total cost. O&M-National Architecture Studies
adherance, and incidence information to
dispatchers
Software for AVL Controller and Assume |-5 North Corridor allocation of 30 Capital-Denver Regional Transit District:
9
Software pereach| 150.0 0 2% Dispatch Stations percent of the total cost. O&M-National Architecture Studies
Radio communcations to receive AVL  [Assume I-5 North Corridor allocation of 30 Capital-Denver Regional Transit District:
Facilities and Communications per each 500 10 15% data, and dispatch stations including percent of the total cost. No additional dispatch P . 9 :
. O&M-National Architecture Studies
CRTs and microcomputers staff needed.
Subtotal
[TRANSIT VEHICLE INTERFACES
Transponder device located on buses . . " . .
In-vehicle Transponder for AVI per bus 0.6 10 2% used to identify bus at roadside readers All buses plus spares \{vh{ch.are on rgutes which Capltal-Klng County/Metro_, O&M-
. . pass through transit priority intersections. National Architecture Studies
at for signal priority treatment
. . .. __|Consists of radio, vehicle logic unit, driver
. N AVL. on-boar_d eqmpmer_\t for establishing interface, radio antenna, and GPS antenna. All  |Capital-Denver Regional Transit District:
In-vehicle AVL Equipment per bus 9.0 10 per bus 1.5 vehicle location, assessing schedule O L
. . . . buses providing service in and through the |-5 O&M-TTI
status, and interfacing with driver N
North Corridor.
Subtotal
INCIDENT MANAGEMENT
Central tracking system/software and Capital-WSDOT:08&M-National
Central Tracking/Dispatch per each 600 10 5% Mayday software/GIS integration; System sized for I-5 North Corridor. pi "
. Architecture Studies
dispatch system.
. . ohi . Capital-Rockwell Path Master system
In-vehicle Dynamic Route Guidance per each 4.0 10 10% For tra(.:kmg system and routg gL_udance In yehlcle radio, GPS antenna, GPS route plus add-on items; O&M-National
to provide faster response to incidents  [guidance system. ) "
Architecture Studies
Subtotal
GRAND TOTAL 868,376 78,081 38,215 877
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SEATTLE I-5 NORTH MIS/COST ESTIMATE WORKSHEET-Alternative: HOV/Busway

ITEM

CAPITAL COST

O & M COST

COMPUTED USING
UNIT COSTS & QUANTITIES

COMPUTED AS %
OF CAPITAL COST|

UNIT

UNIT COST

($K)

QUANTITY

TOTAL COST ($K)

ECONOMIC LIFE

(YEARS)

ANNUALIZED COST

($K) (Interest Rate

7.0%)

UNIT

UNIT cOST
($K)

QUANTITY
ANNUAL COST ($K)

% OF CAPITAL COST
ANNUAL COST ($K)

DESCRIPTION

ASSUMPTIONS

SOURCE FOR COST DATA

Pre-Trip Planning Services

NA

per
subscription

0.12

Interactive fixed-end trip planning
service; 10% of travelers; no capital cost
beyond baseline

5.5 mil trips withn/thru study area x 6.87 = 800 k
hh; 2.33 trips/hh=1.86 mil persons; 75%
eligible=900 k;10% penetration rate=90 k
subscribers

Capital-NA; O&M-Mitretek assumption

Personal Dynamic Route Guidance

per
device

0.8

per
subscription

0.12

In-vehicle equipment costs include GPS,
map database, communications
transceiver, processor, GUI, and display

5.5 mil trips withn/thru study area x 6.87 = 800 k
hh; 1.41 autos per hh=1.13 mil veh; 10%
penetration rate=113 k veh

Capital-National Architecture Studies;
O&M-Mitretek assumption

REFERENCES:

TransCore-Interim Handbook on ITS Within the Transportation Planning Process, TransCore (formerly JHK & Associates), December 1996, Appendix E.

WSDOT-TSMC SC & DI Operations/Implementation Plan, WSDOT, October 1994.
TTI-Guidelines for Funding Operations and Maintenance of ITS/ATMS, Texas Transportation Institute, November 1996.
National Architecture Studies-ITS Architecture Cost Analysis, Federal Highway Administration/Joint Architecture Team, June 1996.
King County/Metro-King County transit operator, Dan Overguard/David Cantay/Mike Voris, May 1997
Denver RTD-Denver Regional Transit District, Lou Ha, June 1997
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SEATTLE I-5 NORTH MIS/COST ESTIMATE WORKSHEET-Alternative: HOV/Busway Plus ITS

O & M COST
CAPITAL COST COMPUTED USING COMPUTED AS %
UNIT COSTS & QUANTITIES OF CAPITAL COST]
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HIGHWAY/TRANSIT FACILITIES
ISOV FACILITIES
Two new lanes/6 lanes total; includes outside
Conversion of unlimited access arterial shoulders, sidewalks and pedestrian Capital-Build up based upon cost
Expressway Conversion per mile | 6,142 20 per mile 11.2 {0 partial access control: add 2 lanes overcrossing structures; cost excludes components of typical project; O&M -
p ! interchanges & grade separations; R/W related  |Houston Division of TXDOT
costs included in R/W cost items
S Construct divided highway; substantial earthwork CapltaI-Bullq up pased uplon cost
. - . . Widening of full access controlled . y s components; validated using recent
Limited Access Widening per mile | 1,831 20 per mile 1.2 A and drainage system construction required; R/W N a
freeway; add 2 lanes N . . WSDOT estimate; O&M - Houston
related costs included in R/W cost items s
Division of TxDOT
Grade separated crossing with access  |Compressed diamond with retaining walls; Capital-Build up based upon cost
o, ramps connecting the crossing crossing road crosses over expressway; includes |components of typical project; validated
Interchange (full) per each | 10,631 30 05% roadways; diamond configuration; for signals at ramp terminals; R/W related costs using recent WSDOT estimate; O&M-
Expressway included in R/W cost items WSDOT modified per PB estimates
Grade separated crossing with access  |Compressed diamond with retaining walls; Capital-Build up based upon cost
o, ramps connecting the crossing crossing road crosses over expressway; includes |components of typical project; validated
Interchange (half) pereach| 7,442 30 05% roadways; diamond configuration; for signals at ramp terminals; R/W related costs using recent WSDOT estimate; O&M-
Expressway included in R/W cost items WSDOT modified per PB estimates
. Capital-Build up based upon cost
Grade separated crossing of two roads . ) . DR
Grade Separated Crossing per each | 4,896 30 0.5% without ramp connections; for Crossing road crosses over expressway; R/'W components of typical project; validated
! : Expresswa ’ related costs included in R/W cost items using recent WSDOT estimate; O&M-
P Y WSDOT modified per PB estimates
Subtotal
HOV/TRANSIT FACILITIES
Limited/no existing median to enable widening; [Capital-Build up based upon cost
New HOV Lanes on Freeway per mile | 8780 9 79,020 20 7.459 per mile 12 9 101 Advd parrler separated HOV lanes to includes bridge ywdenlngs for crossmg struct.ures components of typical prqject; Yalldated
existing freeway and reconstruction of ramps at interchanges; using recent WSDOT estimate; O&M -
R/W related costs included in R/W cost items Houston Division of TXDOT
Limited/no existing median to enable widening;
- . includes bridge widenings for crossing structures LRy
Upgrade HOV Lanes on Freeway per mile | 7,616 15 114,240 20 10,783 per mile 15 ;J:gar?;zdera'it;lgoﬂ?;rf;ﬁ: to barrier and reconstruction of ramps at interchanges; (c:;riltzlng:ltf;pt beil:;d L:gir;:osl
P Y R/W related costs included in R/W cost items; P ypical project
Incremental O&M costs assumed negligible
. - Capital-Build up based upon cost
g . Add truss arch section to support widening; . DR
New HOV Lanes on Deck-Truss Bridge perfoot | 16.1| 2,900 | 46,690 30 3,763 0.25% 117 |Add HOV lanes to deck-truss bridge/no |1k replaced; RIW related costs included in|COmPOnents of typical project; validated
barrier or buffer separation RIW cost items using recent WSDOT estimate; O&M-
WSDOT modified per PB estimates
Reconstruction of sidewalks, drainage system
Add HOV lanes to expressway/no barrierand utilities; landscaping enhancements; roadway| Capital-Build up based upon cost
New HOV Lanes on Expressway permile | 7,626 | 3.75 28,598 20 2,699 per mile 11.2 4 42 3 P! V! and pedestrian crossing structures modified; components of typical project; O&M -
or buffer separation N 3 ) L
excludes costs for bridge over ship canal; R/W  |Houston Division of TxDOT
related costs included in R/W cost items
Based upon cost estimate for I-5 Express
| " .y Lanes/Ravenna-to-Howell HOV project; includes |Capital-Adapted from prior P.S. HOV
E;z::VESOQZ Elac:]v;sReversmle Lane on per mile | 14,600 3.9 56,940 20 5,375 per mile 101 3.9 395 I/-;:i HOV moveable barrier-separated moveable barrier, and barrier-transfer machines |study estimates; O&M - Houston Divisior]
Y Exp and storage shed; additional O&M cost is of TXDOT/San Diego Coronado Bridge
included for reversible lane operation
Add HOV/transit lanes to an existin Reconstruction of sidewalks, drainage system Capital-Build up based upon cost
Arterial Transit Lanes/Two Directions per mile | 7,323 25 183,075 20 17,281 per mile 11.2 25 281 N 9 and utilities; landscaping enhancements; R/W  |components of typical project; O&M -
arterial . . . s
related costs included in R/W cost items Houston Division of TxDOT
Includes reconstruction of c&g and sidewalk;
Arterial Transit Lanes/Reversible per mile | 6,240 4 24,960 20 2,356 per mile 28 4 113 One center reversible lane L p' 9 study estimates; O&M - Houston Divisior|
O&M cost is included for reversible lane of TXDOT/TTI
operation; R/W related costs included in R/W
cost items
Direct access ramps between express gi?es;d a‘ézzzscofé'zi?:ﬁ:g;g?//hlrﬁZO;? 2:]58‘ Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Reversible Drop | per each [ 6,400 1 6,400 30 516 per each 46 1 46 P P y project; ass : ramp study estimates; O&M-Houston Division
lanes and local street maintenance with reversible ramp operations
. . of TXDOT/TTI
calculated on a per unit basis.
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SEATTLE I-5 NORTH MIS/COST ESTIMATE WORKSHEET-Alternative: HOV/Busway Plus ITS
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. . " = Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Drop pereach| 9,360 | 2 18,720 | 30 1,509 0.5% g4 |Direct access ramps between median | Based upon cost estimate for -5/NE 145th Street| & o imates; 0&M-WSDOT modified
freeway HOV lanes and local street direct access project .
per PB estimates
" . . = _|Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Full Texas T pereach|31,140 | 2 62,280 | 30 5,019 0.5% 311 |Direct access ramps between median  |Based upon cost estimate for I-5/Lynnwood Park-| o timates: O8M-WSDOT modified
freeway HOV lanes and local street and-Ride direct access project .
per PB estimates
or at-grade Direct access ramps between outside gsiz?r:ff:czz?sesrz:ifrtgr;dR:fiiM i‘:‘h Streef Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Half Drop to Outside per each| 2,500 1 2,500 30 201 | P ar: 11.2 0.5 6 general pupose freeway lanes and local e project, ng study estimates; O&M-Based on
ramp miles modifications to 164th Street crossing structure P )
street required Houston Division of TxDOT figures
or at-grade Direct access ramps between median Based upon cost estimate for 1-5/Mountlake Capital-Adapted from prior P.S. HOV
HOV Direct Access/Local Full In-Line per each | 2,970 1 2,970 30 239 P g_ 11.2 0.5 6 HOV lanes and in-line station w/ p. s study estimates; O&M-Based on
ramp miles L Terrace direct access project P )
pedestrian link Houston Division of TxDOT figures
Direct access ramps between freeways . y Capital-Adapted from prior P.S. HOV
HOV Direct Access/Fwy-to-Fwy per each | 71,000 1 71,000 30 5,722 0.5% 355 |to/from one direction and another (e.g. Based upon cost estimate f.or I-5/1-405/SR525 NE study estimates; O&M-WSDOT modified
Quadrant direct access project .
between east and north) per PB estimates
Based upon cost estimate for SR520/1-5 Express
Direct access reversible ramp between Lanes direct access project; includes access Capital-Adapted from prior P.S. HOV
HOV Direct Access/Fwy-to-Fwy Reversible per each | 11,870 1 11,870 30 957 per each 46 1 46 N P control gates; assumes ¥; mile of ramp study estimates; O&M-WSDOT/Houston
median HOV lanes and express lanes . . ; . o
maintenance with reversible ramp operations Division of TXDOT/TTI
calculated on a per unit basis.
per Parking facility including bus transit Capital cost includes bus zone amenities, access |Capital-Averaged from WSDOT
Park and Ride Lot parking 6.1| 2,480 15,128 20 1,428 | per 100 stalls 2 25 50 9 Y N 9 improvements, stormwater detention, and examples;0&M-Based on Houston
shelter and pedestrian enhancements . . "
stall landscaping. Division of TxDOT figures
per thousand oK ’ i
Transit Bus - 40 foot Deisel per 230 7 1,610 12 203 revenue 89 19.0 1,687 Standard intracity transit bus For use on local service routes. Capital-King County/Metro;0&M-King
vehicle ¥ County/Metro
vehicle hours
per thousand o ’ K
Transit Bus - 60 foot Diesel Articulated pgr 375 85 31,875 12 4,013 revenue 89 305.5 27,190 Standard intracity transit bus For use on express service routes. Capital-King County/Metro;0&M-King
vehicle ¥ County/Metro
vehicle hours
er per thousand Special bus for use in downtown transit |For use on express service routes which operate Capital-King County/Metro,0&M-based
Transit Bus - 60 foot Dual Power Articulated pe 900 [ 11 9900| 12 1,246 | revenue | 89 | 384 3,418 it P ICh OPSMALe | upon annual vehicle hours times cost pe
vehicle N tunnel through the Seattle downtown transit tunnel. .
vehicle hours vehicle hour
Subtotal 767,776 70,769 33,378 877
RIGHT-OF-WAY
Right-of-Way acquisition costs along
R/W Adjacent to Arterial per acre 900 | 334 30,060 100 2,107 expressways and arterials in north Based upon typical costs for land along SR 99  [Capital-Input from WSDOT; O&M-NA
Seattle
R/W Adjacent to Freeway per acre 500 | 103.8 51,900 | 100 3,637 nght-of»vyay acquisition costs along Based upon typical costs for land along I-5 Capital-Input from WSDOT; O&M-NA
freeways in north Seattle
Assumes posible costs to cure impacts from loss
RA Takes/Damages per parcel|  50.0 281 14,050 100 985 Typical extra cost to cover relocations ~ |of af:cess, or cqsts to relocgte and re-establish Capital-Input from WSDOT: O&M-NA
and/or damages business at a different location, or relocate
resident.
Subtotal 96,010 6,729
ITS/ITRAFFIC SYSTEMS
SURVEILLANCE
Detection Loops per mile 234 16 374 10 53 per mile 1.20 16 19 In-pavement loops and cables to nearest Fgur—lane per direction, install loop every half Capital-Build up bgsed uplon C§sl
controller. mile. components of typical projects; O&M-TT|
Closed Circuit TV Camera pereach| 250| 26 650 | 10 93| pereach | 1.30 | 26 34 ggﬂt':’s' traffic operations along State's |, .l 5ne every 1.2 mile per direction Capital-WSDOT; O&M-TTI
Automatic Vehicle Identification/Roadside Roadside equipment to identify bus, Includes reader, antenna, controller interface
Equipment persignal| 25.0| 235 5,875 10 836 | per signal 1.50 235 353 check schedule and provide transit module, and local system communications. Capital-King County/Metro; O&M-TTI
auip! priority at traffic signal Transit vehicle equipment is listed separately.
Field differential GPS stationary site to . . .
rovide fixed location information to Assume 3 sites are needed. Transit vehicle and Capital-Denver Regional Transit District;
Automatic Vehicle Location/Field Equipment per site 300 3 900 10 128 2% 18 |P transit management equipment is listed P! . 9 ’
compensate for topography and O&M-estimated
S separately.
buildings
Data Station pereach| 250| 32 800 | 10 114 2% 16 |To support detection Install one station every half mile;08M costs | &1 WSpOT; O8M-TTI
combined w/detection loops
Subtotal 8,599 1,224 406 34
[TRAVELER INFORMATION
Variable Message Signs pereach| 125| 15 1,875 10 267 | pereach | 400 | 15 60 VMS on overhead structures E:ggr:‘"’s‘:ﬁ;'g; includes controller and sign Capital-WSDOT; O&M-TTI
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Highway Advisory Radio site located at
Fixed HAR & Controllers per each 20.0 1 20 10 3 per each 1.00 1 1 strategic locations run by WSDOT as a |Add 1 new site at I-5/SR 99/SR 526 Capital-WSDOT; O&M-TTI
part of traffic management system
Kiosk per each 18.0 10 180 10 26 per each 5.00 10 50 Located at transit centers Install one kiosk per station Capital-King County/Metro; O&M-TTI
Subtotal 2,075 296 111 296
COMMUNICATION
Fiber-Optic Cable permie | 200 16 4640 10 661| permie | 080 | 16 13 For extended freeway surveillance Install along the I-5, SR526, SR&26 and tieto |6 i1 wspOT; OBM-TTI
systems existing WSDOT owned optic lines
Fiber-Optic Hubs per each 110 3 330 10 47 per each 8.00 3 24 To interchange fiber-optic lines Install one HUB per 3-5 miles Capital-WSDOT; O&M-TTI
Twisted Pair permile | 27.0| 230 6210 10 884| permie | 015 | 230 35 For extented adaptive traffic control ) 4es trench, conduit, wire, junction boxes  |Capital-WSDOT; O8M-TTI
)
Subtotal 11,180 1,692 71
[TRAFFIC CONTROL
Coordinated/Adaptive Signal System - Local er Replace existing controllers and cabinets| Basic O&M cost would remain the same as Capital-Buildup based upon cost
P gnal Sy P 17.5| 320 5600 10 797 | per controller | 0.50 | 320 160 place ¢ g controler existing, except for cost related to maintain P! P based upon co
Controller controller at major intersections within study area timing/data plans components of typical projects; O&M-TT!
Coordinated/Adaptive Signal System - Master per 10.0 14 140 10 20 | per controller | 0.50 14 7 To tie local controllers to the system One master for every 29-2§ Io.cefl controller; O&M |Capital-Buildup ba;ed upon cost
Controller controller cost only related to maintain timing/data plans components of typical projects; O&M-TT|
Ramp Metering per each 30.0 1 30 10 4 per each 3.00 1 3 Freeway entrance ramp metering station Sjr’:i cost included equipment /hardware & timing Capital-WwSDOT; O&M-TTI
Subtotal 5,770 821 170
TRAFFIC MANAGEMENT
. . Assume one workstation, intergration and
For adaptive signal system and upgrades to existing signal control room; and one|Capital and O&M-National Architecture
Computers & Hardware per each 185 4 740 5 180 per each |170.00 4 680 additional freeway system management P9 9 sig ’ pi
\where applicable new employee each for Seattle, Lynnwood, Studies
PP WSDOT, and Everett
Software (various) per each 25 4 90 5 2 per each 34.00 4 136 For adaptive signal system Included software installation, programing, and CaplFaI and O&M-National Architecture
system analyst Studies
Communications Extension per mile 27.0 4 108 10 15 per mile 0.15 4 1 :;srtlérr\]:(sage to adaptive traffic control Includes trench, conduit, wire, junction boxes Capital-WSDOT; O&M-TTI
Subtotal 938 217 817
ITRANSIT MANAGEMENT
Computer system to receive and
process AVL polling data from buses ¥ . . ot e
Computers & Hardware for AVL System per each 300 1 300 10 43 15% 45 |and provide location, schedule Assume |5 North Corridor allocation of 30 Capital Dgnver Reg\cnal Transit District:
L . . percent of the total cost. O&M-National Architecture Studies
adherance, and incidence information to
dispatchers
Software for AVL Controller and Assume |-5 North Corridor allocation of 30 Capital-Denver Regional Transit District:
9
Software pereach| 150.0 ! 150 0 21 2% Dispatch Stations percent of the total cost. O&M-National Architecture Studies
Radio communcations to receive AVL  [Assume I-5 North Corridor allocation of 30 Capital-Denver Regional Transit District:
Facilities and Communications per each 500 1 500 10 al 15% 75 |data, and dispatch stations including percent of the total cost. No additional dispatch P . 9 :
. O&M-National Architecture Studies
CRTs and microcomputers staff needed.
Subtotal 950 135 123
[TRANSIT VEHICLE INTERFACES
Transponder device located on buses . . " . .
In-vehicle Transponder for AVI per bus 0.6 374 224 10 32 2% 4 |used to identify bus at roadside readers All buses plus spares \{vh{ch.are on rgutes which Capltal-Klng County/Metro_, O&M-
. . pass through transit priority intersections. National Architecture Studies
at for signal priority treatment
. . .. __|Consists of radio, vehicle logic unit, driver
AVL on-board equipment for establishing|. L ! — . -
In-vehicle AVL Equipment per bus 90| 943 8487 10 1,208 | perbus 15 | 943 1,415 Vehicle location, assessing schedule | "e"1ace, radio antenna, and GPS antenna. All | Capital-Denver Regional Transit District:
. . . . buses providing service in and through the |-5 O&M-TTI
status, and interfacing with driver N
North Corridor.
Subtotal 8,711 1,240 1,415 4
INCIDENT MANAGEMENT
Central tracking system/software and Capital-WSDOT:08&M-National
Central Tracking/Dispatch per each 600 1 600 10 85 5% 30 |Mayday software/GIS integration; System sized for I-5 North Corridor. pi "
. Architecture Studies
dispatch system.
. . ohi . Capital-Rockwell Path Master system
In-vehicle Dynamic Route Guidance per each 4.0 4 16 10 2 10% 2 For tra(.:kmg system and routg gL_udance In yehlcle radio, GPS antenna, GPS route plus add-on items; O&M-National
to provide faster response to incidents  [guidance system. ) "
Architecture Studies
Subtotal 616 87 32
GRAND TOTAL 902,625 83,110 36,367 1,366
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Interactive fixed-end trip planning 5.5 mil trips withn/thru study area x 6.87 = 800 k
. i - i - 750
Pre-Trip Planning Services NA pgr . 0.12 | 90,000 10,800 service; 10% of travelers; no capital cost hh, .2'32 tnpslr.\h 01 86 mil pgrsons, 35 % Capital-NA; O&M-Mitretek assumption
subscription . eligible=900 k;10% penetration rate=90 k
beyond baseline !
subscribers
er e In-vehicle equipment costs include GPS, [5.5 mil trips withn/thru study area x 6.87 = 800 k Capital-National Architecture Studies:
Personal Dynamic Route Guidance pe 0.8 (113,000 | 90,400 7 16,774 per 0.12 {113,000 13,560 map database, communications hh; 1.41 autos per hh=1.13 mil veh; 10% pitak” X '
device subscription N . . _ O&M-Mitretek assumption
transceiver, processor, GUI, and display [penetration rate=113 k veh

REFERENCES:

TransCore-Interim Handbook on ITS Within the Transportation Planning Process, TransCore (formerly JHK & Associates), December 1996, Appendix E.

WSDOT-TSMC SC & DI Operations/Implementation Plan, WSDOT, October 1994.
TTI-Guidelines for Funding Operations and Maintenance of ITS/ATMS, Texas Transportation Institute, November 1996.
National Architecture Studies-ITS Architecture Cost Analysis, Federal Highway Administration/Joint Architecture Team, June 1996.
King County/Metro-King County transit operator, Dan Overguard/David Cantay/Mike Voris, May 1997
Denver RTD-Denver Regional Transit District, Lou Ha, June 1997
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