AASHID

Transportation \"
Operations Manual «¢
First Edition

May 2023


https://www.stdhive.com/standards/aashto-tom-1-pdf/

AASHID

ransportation
Operations Manua

1st Edition

© 2023 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.


https://www.stdhive.com/standards/aashto-tom-1-pdf/

[ 1]
I I AASHTO Transportation Operations Manual, 1st Edition

Photo credits, clockwise from top:

1. Texas A&M Transportation Institute
2. Florida Department of Transportation

3. U.S. Department of Transportation

© 2023 by the American Assc iatiow of State Highway and Transportation Officials. All Rights Reserved. This
book, or parts thereof, may not be reproduced in any form without written permission of the publisher. Printed in

the United States of America.

ISBN: 978-1-5607-76_-8 Publication Code: TOM-1

AASHIO

American Association of State Highway and Transportation Officials
555 12th Street, NW, Suite 1000
Washington, DC 20004
(202) 624-5800
transportation.org

© 2023 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.


https://www.stdhive.com/standards/aashto-tom-1-pdf/

AASHTO Transportation Operations Manual, 1st Edition

AASHTO Executive Committee

Jim Tymon Craig Thompson
Executive Director Vice President

AASHTO Staff Liaison Secretary, Wisconsin DOT
Roger Millar Russell McMurry
President Secretary-Treasurer
Secretary, Washington DOT Commissioner, Georgia DOT

Region 1 Representative

Nicole Majeski Everett Lott
Secretary, Delaware DOT Director, District of Columbia DOT

Region 2 Representatives

Lorie Tudor
Director, Arkansas DOT

Region 3 Representatives

Nancy Daubenberger Tack M>»chbanks
Commissioner, Minnesota DOT D.sector, Ohio DOT

Region 4 Representatives

Kristina Swallow Joel Jundt
Director, Nevada DOT Secretary, South Dakota DOT

© 2023 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.


https://www.stdhive.com/standards/aashto-tom-1-pdf/

AASHTO Transportation Operations Manual, 1st Edition

Committee on Transportation System Operations (CTSO)

2022-2023

Scott Marler, Iowa Department of Transportation, Chair
Shanté Hastings, Delaware Department of Transportation, Vice Chair
Lisa Wilson, Utah Department of Transportation, Vice Chair
Martin Knopp, FHWA Liaison
Gummada Murthy, AASHTO Liaison
Faisal Saleem, AASHTO-NOCOE
Robert White, AASHTO Liaison
Patrick Zelinski, AASHTO Liaison

Alabama Department of Transportation
Gary Moore, Jesse Wallace, Paul Carter

Alaska Department of Transportation and Public Facilities
Alicia Stevens, Pamela Golden, Regional Val Rader

Arizona Department of Transportation
Adam Carreon, Brent Cain, James Windsor

Arkansas Department of Transportation
Joseph Hawkins, Steve Frisbee

California Department of Transportatic
Monica Wooster, Said Ismail, Zhon,ren Wang, Ferdinand
Milanes

Colorado Department af Trensportation
Ashley Nylen, San Lre

Connecticut Denc rtment of Transportation
Donald Brai~an, Farold Decker, John Korte

Dew warc Department of Transportation
D~ nald Weber, Gene Donaldson

Florida Department of Transportation
Fred Heery, John Easterling, Raj Ponnaluri, Trey Tillander

Georgia Departn.-nu of Transportation
Alan Davis, Christina Barry, John Hibbard

Hgrwaii Department of Transportation
Be »sor Chow, Bryan Kimura, Kevin McMorrow, Reed
Matsuo

Idaho Transportation Department
David Kuisti, Nestor Fernandez

Illinois Department of Transportation
Geno Koehler, Kyle Armstrong

Indiana Department of Transportation
Ed Cox, Jim Sturdevant

Iowa Department of Transportation
Ashley Hochberger, David Lorenzen, Tim Simodynes,
Sinclair Stolle

Kentucky Transportation Cabinet
Jason Siwula, Tim Tharpe, Tony Downs

Louisiana Department of Transportation and Development
Vince Latino

© 2023 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.


https://www.stdhive.com/standards/aashto-tom-1-pdf/

Maine Department of Transportation
Cliff Curtis, David Bernhardt

Maryland Department of Transportation
Carole Delion, Joseph Sagal, Sushmita Mitra

Massachusetts Department of Transportation
Carrie McInerney, Chester Osborne, Joe Foti

Michigan Department of Transportation
Collin Castle, Steve Cook

Minnesota Department of Transportation
Brian Kary, Jed Falgren, Ray Starr

Mississippi Department of Transportation
James Sullivan, Russell Cooke

Missouri Department of Transportation
Nicole Hood, Raymond Shank

Montana Department of Transportation
Doug Mcbroom, Jon Swartz, Phill Balsley

Nebraska Department of Transportation
Tom Sands

Nevada Department of Transportation
Kandee Bahr Worley, Rodney Schilling, Setk: Dai i<1s

New Hampshire Department of Transporcation
David Rodrigue, Mike Servetas, Susa’1 K.asen

New Jersey Department of Tra s, oriction
Andrew Tunnard, Salvatore Cawa 1

New Mexico Depcrtment o) Transportation
Charles Remkes

North Ca.nlina'T 2partment of Transportation
Jennifc: Porcanor a, Kelly Wells, Meredith McDiarmid

Dhi. Department of Transportation
Michael McNeil, Michael Moreland, Ryan Lowe

Oklahoma Department of Transportation
Alan Stevenson, Shawn Davis

AASHTO Transportation Operations Manual, 1st Edition

Oregon Department of Transportation
Galen McGill

Pennsylvania Department of Transportation
Doug Tomlinson, Mark Kopko, Robert Pento

Rhode Island Department of Transportation
Joseph Bucci, Robert Rocchio

South Carolina Department of Transportation
Mechelle Mabry, Michael Bowman

South Dakota Department of Transpo, ‘atic:
Craig Smith, Dave Huft

Tennessee Department of Trai.sporiu fion
Joe Kirk, Lee Smith

Texas Department of Trw. ssportation
George Villar.=a . Jianming Ma

Utah Dena. “me 1t of Transportation
Blaine Lecnard, Lisa Wilson, Lynne Yocom

Ve ~unt Agency of Transportation
Josh Schultz, Zoe Neaderland

Virginia Department of Transportation
Ken Earnest

Washington State Department of Transportation
Daniela Bremmer, Dongho Chang, Scott Zeller, Tim
McDowell

West Virginia Department of Transportation
Brandi Krofcheck, Jim Lambert

Wisconsin Department of Transportation
Anne Reshadi

Wyoming Department of Transportation
Troy Babbitt, Vince Garcia

© 2023 by the American Association of State Highway and Transportation Officials. v
All rights reserved. Duplication is a violation of applicable law.


https://www.stdhive.com/standards/aashto-tom-1-pdf/

AASHTO Transportation Operations Manual, 1st Edition

Technical Committee on the Transportation Operations Manual

2022-2023

Lisa Wilson, Utah, Chair
Jennifer Portanova, North Carolina, Vice Chair
Jim Sturdevant, Indiana, Vice Chair
Martin Knopp, FHWA Liaison
Gummada Murthy, AASHTO Liaison

CTSO Members

Region I: Sal Cowan, New Jersey; Susan Klasen, New Hampshire; Joey Sagal, Maryla.d
Region II: John Hibbard, Georgia; Raj Ponnaluri, Florida; Jennifer Portanova, Nortt: Carolina
Region III: Collin Castle, Michigan; Jim Sturdevant, Indiana

Region IV: Brent Cain, Arizona; Dave Huft, South Dakota; Lisa: Wil on, " ah

vi © 2023 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.


https://www.stdhive.com/standards/aashto-tom-1-pdf/

AASHTO Transportation Operations Manual, 1st Edition

Table of Contents
Part A: Introduction........c.ocvuiieiniininiiniiinineneenss e eaeeseateaeneaeeneaeeneateneaneneenens eenenrenes 1
Chapter 1: Transportation Operations Manual INtroduction ..........ccceieiiiiiiiiiiiiiiiiiiiir e creeeeeeeeeneeeens 3
1.1 Introduction to Transportation OPEIAtiOIS. ......iiuiiiiiiiiit ittt ettt 5
111 SCOPE OF TSIMO ..ottt ettt 6
1.2 Manual Need and PUIPOSE ......ccuiiiiiiiiii ittt ettt !
1.3 Organization 0f the MamUAL ......o..iiii ettt x
1.3.1 The Parts of the Manual and Their Intended AUAIENCE .....oooi i e 8
1.3.1.1  Part A, INtrOAUCTION «oeee e, D W AN 8
1.3.1.2  Part B, TSMO Concepts and CONEXE .........ccuiiiiiiiieiiiiiee oo e 8
1.3.1.3  Part C, TSMO Program and Planning..........ccccoooiiiiiiiiiiii e e 9
1.3.1.4  Part D, Project DeVEIOPIMEONT . ...c.iiiiiiiiit it e 9
1.3.1.5 PartE, Tactical ELIOMIENES ..o e e 10
1.3.1.6  Part E Industry and Technology Trends..........cocoiiiiiiiiiiiii s e 11
1.4 How to Use the Manual ........ooiiiiiii e e et 1
1.5 Resourcesand Related ACHVITIES. ....o.uiiiiiiiiiiiii i e 12
1.6 RETOTOIICES .. ittt e ettt 13
Part B: TSMO Concepts and Context .................. TR D, U« eerenens 15
Chapter 2: TSMO Concepts.....ccueueeieieieieiininirereceeeeeeenenanns [ e e eieiccecececncacacacnsacncecececnsnsncacasnsnnsncns 17
2.1 Challenges Addressed DY TSIMO .....c..iiiiiiiiieee ettt 17
2.1.1  Congestion and DISTUDTION.......iiiiiiiiii s e e 17
2.1.2 Responding With TSMO .....coiiiiiii e 18
2.2 TSMO Tactics AN OULCOTIIES .......eeiet it ettt ettt e 19
2.3 TSMO APPLICAtION COMEEXES ...iiuviiiiit s it ettt ettt e et e e et e e et e e et eeens e 22
2.4 TSMO Implementation CharaCleriStias .. iiiiii oottt ettt 24
2.5 TSMO and Collaborating Entitic o . i it 25
2.6 TSMO Benefits...........ccooonn ettt 26
2.6.1 Improved Trave. Tim 2 and Reliability ........ocooiiiiii i 27
2.6.2  Multimodal Systen. EfICIEICY ....ooiiiiiii e 27
2.6.3 Ot BtttV 2O ittt 27
2.6.4  Enviror mental BEnefits. .....ooiiiiiiiiiio e 28
2.6.5 In proved Agency EfflCIENCY . ..ottt 28
2.7 BRI O OO oo e 29
Chanter 2: TSMO in the Transportation AGenCy CONtEXt.......ccieieieiiieiiireriireeereeeerneeeseceecnsensesesecensasensnnens 31
21 FOUNAAtiONAl COTICEPES ..uviiiiiiiiiiii ettt ettt ettt ettt et et et e et e ente e 31
3.1.1  Performance ManageImMent........ooii ittt 32
3.1.1.1  Relationship t0 TSMO .....iiiiiiiiiii e 32
3.1.1.2  Continuous Improvement and Active Management ...........ccooviiriiiiiiiiiiiie e 33
312 TSIMO @S @ SYSTOIML..euiiieeiitt ettt ettt ettt e et e et e ettt e ettt e et e et e et e s 34

© 2023 by the American Association of State Highway and Transportation Officials. vii

All rights reserved. Duplication is a violation of applicable law.


https://www.stdhive.com/standards/aashto-tom-1-pdf/

AASHTO Transportation Operations Manual, 1st Edition

3.1.3  TSMO VS. Legacy DOT PIOGTaIIIS . ccuuiiiiiiiiit ittt ettt 34

3.2 Integrating TSMO into Agency Goals, Objectives, and Performance Management.............ccccooeoiiiiiinencnnnne 35

3.2.1 Trendsand Considerations for Transportation Agency Mission FOCUS ........cccoooiiviiiiiiiiiiiiiiiiice 35

3.2.2  Increased Agency ACCOUNTADIIIEY ...c..iiiiiiiii s 36

3.2.3 Achieving Agency Goals and Objectives With TSMO .........cccooiiiiiiiiiii e 36

3.2.4 Incorporating TSMO as Agency Goals EVOLVE .........cociiiiiiiiiii e 38

3.2.5 Performance Management and REPOTTIIIZ .......oooiiiiiiiiiiiiii e 38

3.3 Relationship to Agency Planning and Programming ..........cccooiiiiiiiiiiii e o8

3.4 Relationship to Agency Project Development and DeSIGN..........ccoviiiiiiiiiiiiiie it e 39

3.5 ROFEIOIICES ..o e 41

Chapter 4: Agency Readiness to AAvance TSMO.......c.cuiiiiniieieieeeieieieieeeeecncecnencecenensasnsnssl hens W . F 43

4.1 Elements of AGenCY REAAINESS . ... ..oiiiiiiiiiii ittt e 43

411 RESOUICES .ottt e e 44

4.1.2  Institutional Framework ..ot VT TR 44

4.2 Essential Institutional Capabilities.........cooiiiiiiiiiii i e 45

4.2.1 Business Processes—Agency Planning, Programming, and Funding......... e 45

4.2.2  Performance Measurement/Management ... ...ooviiiiiiiiiiaiish s et 46

4.2.3  Systems and Technology—Systems Engineering, Interoperability, c.nd Technology Management ....... 46

4.2.4 Organization and Staffing/Workforce ..........ccooiiiiiiiiii e 46

4.2.5 Collaboration and OULIEACH .. ...ooiiiiiiii i e e 46

4.2.6  Culture and LeaderShiD ..o..oooviiiiiiiiiiiie e e e 47

4.3 The TSMO Capability MatUrity MOAEL .......co.oiiiiiiiii it 48

4.4 The Business Case fOT TSIMO ......oouiiiiiiiiiiii sttt 48

4.4.1  Making the BUSINESS CASE .....iiiiiiiiii o 0 ittt 48

4.4.2  Contents of the BUSINESS CaSe .ol i 50

4.5 REFEIOIICES ..ottt s 51

Part C: TSMO Program DevelofOnient and Management..........oveeueieeeieeeneeeneenennananns eeenas 53

Chapter 5: TSMO Program Planning ... ... ieiiiiiiiiiiiiiiiiiietteeeeeeeeeaeatesesesesasnsncncsssssasassesasasnsssnssasasaseses 55

5.1 WHat 15 @ TSIMO PrOgTai 17, . itttk 55

S.L1 DOfINTION oo e 55

5.1.2  Relations ip tC Other PrOGIAIS .. .o.iiiiiiiiiiii ittt 56

5.1.3 Communicacing the Value of TSMO—Making the Business Case .........ccoocviviiiiiiiiiiiiiicc 57

5.1.2.1 Business Case Audiences, Formats, and COMEIT. ....ccoiivmmmmeeee e 57

504 Tmproving and Sustaining @ TSMO PrOGIam ....o.oiiiiiiiiiii it 59

5.2 (128 TSMO Program PLATL ....oouiii it 59

2.1 Concept of a TSMO Program PLam .........oooiiiiiiii e 59

5.2.2  Functions of a TSMO Program PLan ...........ccooiiiiiiii e 60

5.3 Elements of @ TSMO Program PLamn.......c.coooiiiiiii i 60

5.3.1  Strate@iC ELEIMENT ..ottt 60

5.3.2  Programmatic EIOIMEINT ... .oooiiiiiiiiii e 61
viii © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.


https://www.stdhive.com/standards/aashto-tom-1-pdf/

AASHTO Transportation Operations Manual, 1st Edition

5.3.3  TaCHCAl EIOITIOIIE ..ottt 64
5.4 TSMO Program Planning Considerations. .. ..ot iiiiiiiii e 64
5.4.1 Program Plan Development PTOCESS ... ...oouiiiiiiiiiiiii e 64
5.4.2  Variation in Need and PLamns .........ccooiiiii e 65
5.4.3 Statewide vs. MPO TSMO Program PLAans ..........ccoiiiiiiiiii it 66
5.4.4  Program Plan UDAAtes ........oouiiiiiiii oo 67
DD RO O O IS oo e 67
Chapter 6: Planning, Programming, and Funding for TSMO TactiCs .......ccciriiiieiiieiiieiiieeireeeseeecncencnnennns O
6.1 DEFIMITIONIS Lttt 72
6.1.1  PLANIUIIZ oot
6.1.2 Programming
6.1.3 Funding.........ccoooiiiiiiiii
6.1.4 TSMO Program Planning vs. Planning for TSMO TaCtiCS .....ccuevviiiiriiiiiiiiie i e 72
6.2 Approaches to TSMO Tactics Planning and Programming...........coocoviiiiiiiiiiiiic s e e 72
6.2.1  POLICY CONEEXE.. oottt N A 72
6.2.2 Relationship to Standard Agency Planning and Programming Processe. ... ...cccooiiiiiiiiiiiiiiic 73
6.3 Scales of Planning for TSIMO TaCtiCS. . ...iiuiiiiiiiiii it e 74
6.3. 1 OVEIVIEW ..ottt d et ettt 74
6.3.2  Statewide TSMO PLanning .......cccoooiiiiiiiiiiiiii a8 o 0 e 74
6.3.3  District/Regional TSMO PIANTIIE ...covoiiiiiiiiii it e 74
6.3.4  SUDATEa PIANTIINE ..ottt e e 75
6.3.5  COrridor PIANIIIIZ ..o 76
6.3.6 Capital Improvement Planning that Incorpcrates TSMO TactiCs.....ocoooiiiiiiiiiiiiiiececee e 76
6.3.7  Scenario Planning for TSIMO ......ooiiii i i e 77
6.4 Key Stepsina TSMO Tactics Planning PrOG eSS 1. . ..iiiiiiiiii oo 78
6.4. 1 OVEIVIEW ..eiiiiiiiiiiie ittt e ettt ettt ettt ettt ettt et 78
6.4.2  PUIPOSE ANIA SCOPE ... i ettt 78
6.4.3 Project Management and Stakeholder ROLes ........o.oiiiiiiiii 79
6.4.4 Analysisof Needs ... ........ B ettt ————————ae ettt ——————aa e ettt —————_ 79
6.4.5 Candidate Tactics TAen i iCatION . oouiiiiii i 80
6.4.6 Alternatives Eva.nation
6.4.7 Implemeration and Requirements for Operations and Maintenance............cccoccoovieviiiiiiiie e 81
6.5 Planning ANGIYSIe TOOLS ....oiiii et 82
6.5.1  Ute of Planning ANalysis TOOLS ........ooiiiiiiii it 82
6.52 “Ckerch-Planning TOOIS......o.iiiiiii i 82
6.3 “Anal tical or Deterministic ToOLS ..o o i 82
S.5.40 0 Travel Demand MOAeLS .......ooiiiii s 83
6.5:5  SIMUIAtION MOAELS ... e 83
0.5.6  Benefit—CoSt ATIALYSIS ..iiuiiiiii it 84
6.6 TSMO Programming and FUNAINE .........cciriiiiiiii e 84
6.6.1 Eligibility and Sources of FUNAS ..ot 84
6.6.2  COSt CONSIAOTATIONIS ...ttt ettt ettt ettt ettt ettt 85
6.6.3 Programming and FUNAING CONTEXE........iiiiiiiiiiiii it 85
© 2023 by the American Association of State Highway and Transportation Officials. ix

All rights reserved. Duplication is a violation of applicable law.


https://www.stdhive.com/standards/aashto-tom-1-pdf/

AASHTO Transportation Operations Manual, 1st Edition

6.7 TSMO ASSEt MANAZEITIEIIE ...ttt ettt ettt ettt ettt e et et 87
6.7.1  Policy Context and MOTIVATION .......iiiiiiiiii oottt 87
6.7.2  Asset Management Program Goals and COMPONENTS ........cocviiiiiiiiiiiiiiii e 87
6.7.3 Integrated vs. Separate TSMO Asset Management .......cc.ooviiiiiiioiieiie ettt 90
6.8 RO T OIICOS .. oo 90
Chapter 7: TSMO Performance Management ..........ccceeiieiiieiireiiereeererereernseereseeresaseesassnsessnsessssassnsnsenns 93
7.1 Orientation and DefiNitiONS ... ..ottt 93
711 Transportation Performance Management ........ocoiuiiiiiiiii e 93
7.1.2  TSMO Performance ManageIment .........cocuiiiiiiiii ettt 94
7.1.3  Stepsto TSMO Performance Management ..........oocooviiiiiiiiiioii et 94
7.2 TSMO Performance Management as a Strategic Policy FOCUS ........oociiiiiiiiiiii i 95
272 B oL (o Ta 1§ Ut (o o BTSSP S TP STUPRUPII 95
7.2.2  Drivers and RESPOMNISE .....c.viiiiii i 95
7.2.3  Policy Commitment t0 TSIMO ......ooiiiiiiiiiiie e 95
7.3 Measures and Targets Supporting TSMO-Relevant Agency ObjJectiVes ......ccoooviiiiiiiiiiiieeieeeee e 96
7.3 1 INETOAUCTIONY .. 96
7.3.2  Agency-Focused Performance MeasuIes...........ooiiiiiiiiii oo 97
7.3.3  User-Focused Performance MEASULES. ........c.oiiuiiiiiii ittt 97
7.3.4  Performance Measure SELOCTION .......... e 98
7.3.5  TaIEE SEELITIE .. et eiit et et ettt e 99
7.3.6  Federal Performance Measure Reporting ReQUITEIMENtS ........c.oooiiiiiiiiiiiiiie e 100
7.4 Performance Data Collection, Analysis, and Management..........ccooiiiiiiiia e 102
741 INELOAUCTION ..ottt ettt ettt ettt ettt 102
7.4.2  Data Collection to SUPPOTt INPUL MEASULES ......eiiiiiiiiiiiii et 102
7.4.3  Data Collection to Support Output and Outcome MeaSUIES ......cc.covieiiiiiiiiiiiiiii ettt 103
7.4.4  USe Of ThITA-Party DAta. ... ccoiiiiiiiiiii et
7.4.5  USE Of ATChIVEA DATA ...ttt ettt
7.4.6  TSMO Performance ANAlYTiCS. ....oo.oiiiiiiiiii e
7.4.7  TSMO Data Governance and Data Business Plan
7.5 Performance REPOTTITIE .. ..oooiiiiiiiiii ettt 106
7.5. 1 INETOAUCTIONY ..
7.5.2  INEEINAl REDOTTING ...ttt
7.5.3  EXteINal REPOTEINIE «..oiiiiiiiii it
7.5.4  Reports and Dashboards
7.5.4.1  Performance REPOTTS.....c..oiiiiiiiii e 107
7.5.4.2  DashDOATAS ....ooiiiii 108
7.6 Real-Time TSMO Tactic Management for Improved Performance.............coocoooioiiiiiiiiiiiiiieceiee 109
7.6 1 INETOAUCTION .. 109
7.6.2  Using Performance Information to Support Active Management ..........ccoooviirieiiironieiiie e 109
7.7 Incorporation of Performance Management into Planning and Programming Decision Making.................... 111
770 INELOGUCTION .ottt ettt ettt ettt 111

7.72  Using TSMO-Based Performance Measures in Statewide and Regional Planning and Programming... 111

x © 2023 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

7.7.2.1  Statewide Planning and Programming ..........coooiiiiiiiiiii e 111
7.7.2.2  Corridor and Facility Planning and Programming ...........cccoccooiiiiiiiiiiiiiieee e 111
7.8 Institutionalization of Performance Management..........ocooiiiiiiiiiiii et 113
7.8 1 INETOAUCTION .ottt ettt 113
7.8.2  Core Features of INStItUIONAlIZATION «...veveeeeeeeeee e 113
7.8.3  Agency Reorientation for TSMO Performance Management ...........ccceoviiiriiiniiinieeiieeeieeee e 113
7.8.4  The Institutional Role of the TMC to Support for Performance Management............ccoocevvirrinrennnn. 114
7.8.4.1 TMC Performance FUNCHIOMS. . ....oouiiiiii it 114

7.8.4.2  Relationship of the TMC Function to Agency Business Units to Support Performance
IMANAZEITIEIIE ... 114
7.0 RO IO ICOS .o, 115
Chapter 8: Systems Engineering, Interoperability, and Technology Management.........ccccccceeeerecerncennnnnnne. 119
8.1 DEIIIITIONIS Lttt 119
8.1.1  Systemsand Systems ENGINEETINE .....c.ooiiiiiiiii e 119
8.1.2  SYSTEIM ATCRITECTUTE ....iiiiiii ittt ettt e ettt 120
8.1.3  INtETOPEIADIIILY ..ottt 120
8.1.4  CONCEPE OFf OPOTATIOTIS ..e.vtiiiiiie ittt ettt ettt ettt et ettt e eaeeenee s 120
8.2 Systems ENgINeering COMEEXE .....iuuiiiiiiiieiiiit ettt ettt ettt et e et e et e et e e e 121
8.2.1  Rationale and Valle.......oooiiiiii i 121
8.2.2 KOy FRATUTES .ot 121
8.2.3 Federal Systems Engineering REQUITEMENES .......oooiiiiiiiiii it 121
8.3 SYSLEIM ATCRILECTUTE. .. .iiiiii ittt ettt et ettt e et e ettt ettt 122
8.4 STANAATAS ..ottt 124
8.5 The Systems ENgineering PrOCESS ......c..iiiiiiiii ittt 125
8.5.1 Systems Engineering ProCeSS OVEIVIEW ..........coiiiiiiiiiiiiiiiie ittt 125
8.5.2  CONCEPL Of OPETATIOTIS ..vviiiiiiiiiiie ettt ettt et e et iae e 125
8.5.3  Systems Engineering V-IMOdel...........oooiiiiiiiiii e 126
8.5.4 Systems Engineering Level 0f Detail..........cccooiiiiiiiiiii e 127
8.5.4.1 Low Risk and UNCOMPLEX.....coiiiiiiiiiiiiiii e 128
8.5.4.2 Higher Risk and Some COmPLEXITY.......ooiuiiiiiiiiiiiie e 129
8.5.4.3 Very High Risk and COmPLeX.........ooiiiiiiiiii i 129
8.6 Systems Engineering Management PIans ..........ccciiiiiiiiiiiiiii e 129
8.7 Supporting a Systems Engineering ENVITONIMENT ..........ccoiiiiiiiiiiiiii e 131
8.8 Integrating TSMO Systems Engineering into the Project Development Process ..........ccocoovvieoiiiiiiiiiiiiiicin, 132
8.0 RETETEIICES .t 134
Chapter 9: Organization and WOIKFOICE ........c.iuieiiieiiiiiiiiiiiieeeiieeeiieeeeeeeeteeeeneaeencnasnsessnsassnsnesnsnssnsnnsnnes 137
9.1 DEFIMIIONIS ittt ettt 137
9.1.1  OLGANIZALIOIL 1.ttt ettt 137
.12 WOTKIOTCO e, 137
9.2 OTGATIZATIOTL ...ttt ettt ettt 138
9.2.1 Organizational Challenges to Effective TSMO ......c.oooiiiiiiiiiiiii e 138

© 2023 by the American Association of State Highway and Transportation Officials. xi

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

9.2.2  Context for Organizational MOdelS.........cooiiiiiiii e 138
9.2.3  Organizational Model OPIONS .. ...oiiiiiiii et 138
9.2.3.1 TSMO as a Formal Program—Centralized or Decentralized ..............cccoooiviiniiniiiii 139
9.2.3.2 TSMO as an Integrated FUNCHOMN ........ooiiiiiiiiiii e, 141
0.3 W OT R O T O e 142
9.3.1  Workforce Challenges to Effective TSMO .......ooiiiiiiiiiiiiie e 142
9.3.2 Positions and Technical Capabilities...........coiviiiiiiiiiiiii e, 142
9.3.3 Business SKill, Soft SKillS, ad ADILITIOS ...vvveeeeee e e e 145
9.3.4  WOTKfOrce COMPOSITIOT .viiviiiiiiiieiii ettt ettt 146
9.3.5 Outsourcing for Staff Capabilities..........cciiiiiiiii i 146
9.3.6  WOTKEOrCe DEVEIOPITIEIIE ..ottt ettt ettt 147
9.3.6.1 Student EAUCATION . ..oooiiii oo 147
9.3.6.2 WOIKFOrce TTailiIg .. oo eeiie oot 147
9.3.6.3 Preparation of a TSMO Professional Development Plan.............ccocoovviiiiiiiiiiiieiiciiceece, 148
9.3.6.4 Nonprofessional Training (Paraprofessionals) ............ccociiiiiiiiiiiiiiii e 150
9.3.7 Recruitment and ReeNTION .. ....oi i 151
0.3.7.1  RECTUIINONE ....oiiiiiiii et 151
9.3.7.2  RETEIITIOTL Lo oot 151
0.4 ROTOTOIICOS .o e 152
Chapter 10: Collaboration and OULIeach ..........ceieiiiiiiiiiiiiiiiii i rceeeee et et receeneeeeeeesesesesnsasasessesesnsnns 155
10.1 DEFINITIONS ©..oeee e 155
10.1.1 COlaDOTAION ..o, 155
10.1.2  OULTEACKH. ... 155
10.2 COlLADOTATION ... 156
10.2.1 Introduction to Collaboration and TSIMO ..o, 156
10.2.2 Public Sector Collaborative Dependencies in TSMO ..........ocoiiiiiiiiiiiiiiciie e 156
10.2.3 Infrastructure Owner-Operators vs. MPO Collaboration COnteXt..........ocvvviiiiiiiiiiiiiiiieiiieeiee e 158
10.2.4 Benefits 0f Collaboration .. .oocuviiiii e 158
10.2.5 Mechanisms for Public—Public Collaboration..........oooo i 159
10.2.6 Overcoming the Challenges of Collaboration ..........ccooviiiiiiiiii e 162
10.2.7 Contracted Services and Public-Private Partnerships...........ccoccoiiiiiiiiiiiiiccc e 163
10.2.7.1 Rationale and Arrangements for Private SeCtOr SEIVICes ........ccoviiiiiiiiiiiiiiiiieicee 163
10.3 OULTOACKH ..o 164
10.3.1 Program-Level OULTEACH .......ooiiiiiiii e 165
10.3.1.1 Internal Program-Level OUtreach ........ocooiiiiiiiii 165
10.3.1.2 External Program-Level OUtreach.........cccoiiiiiiiiiiiii e 165
10.3.1.3 The Business Case for TSIMO ... 166
10.3.2 Project-Level OULTEACH ...o..oiiiii e 167
10.3.3 Outreach COnSIATATIONS ... .. .uviiiee e, 167
10.3.3.1 GAthering INPUL ..o.iiiiiie ittt 167
10.3.3.2 OUtreach MeChaniSINIS ......ovoe e 167
10.3.3.3 COMMUNICATIONS ©.oviiiiiiieeeeeeee e 168

xii © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

104 RETETOIICES .....eiiiiie ettt ettt 168
Chapter 11: Culture and Leadership.......ceeeieieieieiiiiiiiiiiiiiiiie e et teeeeeneeeeaeaeetesesncasasnsnesssasasasasnsnsnns 171
111 DEfIMIEION 1ot 171
TLLD CULTUTE oo ettt 171

11.2 ESSENTIALS OF CULEUTIE ...ttt 171
11.2.1  SIGIIFICATICE .ottt 171
11.2.2 Principal Challenges to Establishing an Agency TSMO CUlture...........ccocoooviviiiiiiiiiic e 172
11.2.3  Management Challen@es . ........ooiiiiiii e 172

11.3 FosteTing @ TSIMO CULLUTE ....vviiiiiii ittt 173
11.3.1 The Need to Understand TSMO’s Role and Contribution to Agency Objectives .........ccccccoviviiiiiirincnnnns 173
11.3.2 Committing to Real-Time System Performarnce ..........c.cocoviiiiiiiiiiiiiieceeeee e 174
11.3.3  Aligning Program AULNOTITY .....oviiiiiii i 174
11.3.4 The Role 0f LeadeIShID ..o.voiiiiiiicc e 175
11.3.4.1 Embracing and Integrating Diversity, Equity, and Inclusion (DEI)...........cccoociiiiiiiiiiiiie. 175

11.3.4.2 Mainstreaming TSMO .......ooiiiiiiiii e 175

104 RO IO IS oo, 179
Chapter 12: TSMO Capability Improvement, Guidance, and TOOIS ........cccceeiiieiieniieniiieeeiireeenrneesncecnnennns 181
12.1 Programmatic Challenges .......c.o i 181
12.2 The TSMO Capability Maturity MOdel.........ociiiiii e 182
12.2.1 The Application of Capability MAtUTIitY .......cocviiiiiiiiiiiie e 182
12.2.2 The Dimensions and Levels of TSMO Capability MatUrity........occoviiiiiiiiiiiiiiiiiiceeeeeee e 182

12.3 TSMO Capability Maturity Model Self-ASS@SSTIIOIIE ........ouiiiiiiiii it 184
12.3.1 TSMO CMM Self-ASSESSIMENT STTUCTUTE ....oiiiiiiiiieiieeieie ettt ettt et et eetae e eiee e 184
12.3.2 Recommendations for a Successful TSMO CMM Self-ASSESSITIEIIT ........uueeeeeeeeeeeeeeeeeeeeeeeeeeeeee 185
12.3.3 Converting Capability Assessments to ACtION PIanS.........ocoiiiiiiiiiiiiiii e 186

12.4 TSMO CMM GUIidance and TOOLS ........iiiiiiiii it 187
12.4.1 AASHTO TSMO GUIAAIICE ..ottt 187
12.4.2  FHWA TSMO Capability Maturity Frameworks ...........cccooiiiiiiiiiiii e 187
12.4.3 CMM and CMEF WOTKSNOPDS ...c.veiiiiieiiieie e 188

12,5 RETOTOIICES ...ttt ettt 189
Part D: ProjeCt DeVEIODMENT .. .cuveenirrerneeneeeerneraenssasnssesnssesnsnsssssssssnsnesnssssssnssnssssssnsssssses 191
Chapter 13: Performance-Based Practical Design (PBPD)..........c.cituuieieneeeeneeeeneeeeneerneernneereneessneessneeesnnnes 193
13,1 INETOAUCTION ..ttt ettt ettt ettt e et e ettt 193
13.2 Performance-Based Practical Design COMCEPT. ... c.iiiiiiiiii ittt 193
13.2.1 Project Performance MEASUTES .........ooiuiiiiii ettt ettt ettt 195
13.2.2 Balance of Needs and IMPaCtS .......c..coiiiiiiiiiiceoi e 195
13.2.3  SAfety CONSIAOTATIONS . .eiuiiiiiiie ittt ettt ettt 196
13.2.4  DeSIgN EXCODLIOTIS ...cuiiiiiiiiiii e 197

13.3 Considerations for Design FIeXIDILIEY .....ooiiiiiiii i 197
13.3.1 Functional Classification and CONEEXE........ooiiiiiiiiiiii et 198

© 2023 by the American Association of State Highway and Transportation Officials. xiii

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

13.3.1.1 Functional ClassiflCation...........ooiiiiiii e 198

13.3.1.2 COMEEXE ittt 198

13.3.2 MUultimodal /FreIght ...o..o i 199

13.3.3 TTATTIC VOLUITIO ¢ 200

13.3.3.1 Daily Traffic VOIUIMES . ...oiiiiiiiii e 200

13.3.3.2 Hourly Traffic VOIUIMES ....o.viiiiiiiiii e 200

13.3.3.3 Vehicle COMPOSITION ...ouuiiiiii ittt 201

13.3.4  TTAFIC SPEEA ... 201

13.3.4.1 DESIEN SPEEA.....iiiiiiiii i 201

13.3.4.2 OPEIAtiNG SPEEA. ... oottt 202

13.3.4.3 FTEE-FLOW SPEEM ...oiiiiiiii e e 202

13.4 ANALYSIS METNOMS ... ettt 202

13.4.1  ANAIYEICAL TOOLS ...oiiiiiiiii ettt 202

13.4.2  DeterMUINISTIC TOOLS ..o 203

13.4.2.1 Traffic Operations (HCM) ........ooiiiiiiiiiie o 204

13.4.2.2 Traffic Safety (HSM).....ooviiieii e e 206

13.4.3  SIMUIATION TOOLS ... 207

13.5 Integration With TSMO ... ..ottt ettt ettt 207

13.5.1  FrEEWAY OPOTATIONIS ... teiiiiiiti ettt e ettt e ettt e ettt e ettt et 207

13.5.2  ATEETIAl OPEIAIONS. ..oouiiiiiii et 208

13.5.3 INCIAENT MANAGEIMEIT . .eiutiiiiiiiiiit ittt ettt 209

13.5.4 Demand ManageImMeNt. ... .oui ittt 209

13.6 PBPD Process Relative t0 TSIMIO ... ..uiiiiiee oo 209

13.6.1 Define ProjeCt NEEAS. ... .oiiiiiiii e 210

13.6.2 Establish Performance MeasUTIeS. .........cocviiiiiii e 210

13.6.3  EVAlUALE ALLEITIATIVES ..o 210

13.7 Examples of PBPD TSMO PTOJECES ......iouiiiiiiiiiiitie ettt 210

13.7.1  High-Occupancy TOI LAneS ... ...ooiiiiiieiie i 210

13.7.2  Urban Freeway RECONSITUCTION ....ooviiiiiiiiii it 211

13.7.3  INNOVAtIVE INtEISECTIOTIS .. .ci ittt e e e e e 211

13.7.4 Regional Performance-Based PIanning .........cocoiiiiiiiiiii e 212

13.7.5  Active Traffic Mana@eIMENTt .. .o..iiiiiiiii ittt 213

13.8 ROTOTOIICES ... e 213

Chapter 14: Performance Measures for Operational Improvements ............cccoiiieiiiiiiiiiiiiiiiieieceeeeeeenenns 215

1417 INETOAUCTION Lo 215

14.2 PerfOrmanCe MIBASUTES. ... ....ccoueeeee e e 215

14.2.1  Level 0f SEIvICe (LOS) ..o 216

14.2.2 REHADIITY MIBASUTES .....iiiiiii ittt ettt ettt 217

14.2.3 Other Operational IMBASUTES .........civiiiiii ittt 219

14.3 Reorientation to Improving PerfOrmmance .. .....coiiiiiiiii e 219

14,31 BT OOWAYS e 219

14.3.2  ATEEIIALS oo 220
xiv © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

14.3.3  Collectors and LOCAl STTOOLS ......vveeeeeeeeeeeeeee e 220
14,34 IO SO CTIONY . et e 221
14.3.5 Grade Separation and INterChanges ........c.ooiiiiiii e 221
14.4 AASHTO GIeeI BOOK ..o, 221
14.4.17 RESCATCI EO DIALE ... 222

14.4.1.1 NCHRP Project 15-47 (Report 839): A Performance-Based Highway Geometric Design

PO S it 222

14.4.1.2 NCHRP Project 20-07 (Task 423) Planning for a Comprehensive Update and Restructuring of
AASHTO's A Policy on Geometric Design of Highways and Streets .............cccocvveiivciiniiiniiaiieiieeeee e, 222
14,5 REOTETOIICES .. ot 223
Chapter 15: Linking TSMO to Capital ProjEcts ......ccciniiniiiiiiiiiiiiiiiie i treceeeeeeeeeeeeeesesnsesasncncscensnsnsnnes 225
15.1 Project DevelOpment OVEIVIEW .......c..iiiii ittt ettt ettt ettt 225
B 1<) o 1 PSP UP PSPPI 226
15.1. 1.1 PLAIIIIIE .ottt 226
15.1.1.2 PrOGTaIITIITIE .. eiiiiiii ettt ettt et e et et e 226
15.1.1.3  Preliminary DeSIGIL ... .coiiiiiiiiii it 226

15.1.1.4 Final Design
15.1.1.5 Construction

15.1.1.6 Maintenance and OPETation ........c..coiuiiiiiiiiie ittt 227
15.1.2 Roles and ReSPONSIDILITIES ... ..oouiiiiii i 227
15.1.2.1 Programming Manager . .....oouiiiiiiiiieiiit ettt
15.1.2.2 Project Manager .........ccoceeviiiiiiiiiiiiceceee,
15.1.2.3 Technical Resource Staff
15.1.2.4 Procurement OffICOT ......iiiiiiiii i
15.1.2.5 CONSIUCHION MaIAZET ..eiiiiiiiiieiiit ettt ettt
15.1.2.6 Operations and Maintenance Staff.............cccooiiiiiiio e 228
15.2 Methods fOr TSIMO INPUL.....oouiiiiiii ittt ettt 228
15.2.1  PTOJECT LIAISOTL .ttt ettt ettt ettt 229
15.2.2  REVIEW CROCKIISTS ... e 229
15.3 Project Planning and Programiming ........oooiiiiiiiiii i 229
15.3.1 PUIPOSE AN N . ..ottt
15.3.2 Alternatives Evaluation
15.3.3  PrOGTAIMIITIITIE ..ottt ettt e ettt ettt
15.4 PTOJECT DESIGIL ...iiiiiiii ettt ettt e 231
15.4.1 Preliminary DeSIEI. . .o.iiiiiii ittt 231
15.4.2  FINAL DESIEIL. oottt 231
15,5 COMSEIUCEIOTL vt e, 232

15.5.1 Construction Impacts

15.5.2  MIIELGALIOT. 1. ettt ettt
15.5.2.1 Construction TIMEITAIIIOS .....ovviieeeee e 233
15.5.2.2 PUBLiC INFOrMIatioN . ..o 233
15.5.2.3 Demand Mana@emmIent .. ....ooiiiiiiie it 233

© 2023 by the American Association of State Highway and Transportation Officials. xv
All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

15.5.2.4 Traveler Information

15.5.2.5 DELOUT ROULES ..ovviviiiiiiiieieee e
15.5.2.6 SINATE WOTK ZOTIES ... e
15.5.2.7 Contractor InCentives/Penalties. ... ..o 234
15.5.3  MONItoTing fOr IIMPACES ...vioiiiiiiiii et 234
15.5.3.1 INCIdent Mana@eImenit. .. .couiiiiiiiiie ettt 235
15.6 Maintenance and OPETatiONS........cciuiiiiiiiiie ettt 235
15.6.1 EVAlUQtION OF NCEAS ... 236
15.6.1.1 OPerationNal INEEAS ......ocuiiiiiiiiii et 236
15.6.1.2 Information Technology (IT) Needs ........ccooiiiiiiiiiiiieie e 236
15.6.1.3 Preventive MaiNteNamiCe .. ......iiiiiiiiiii et 236
15.6.1.4 Life Cycle REPIACOIIIONE . .ouiiiiiiii e 237
15.6.2  SEAfTRESOUTCES . ..vviieeeeee e e 237
15.6.2.1 Technical Staff. ... ... e 237
15.6.2.2 FIeld Staff ..o oo 237
15.6.3 Training and Standard Operating ProCcedures ...........ooiiiiiiiiiiii e 237
15.6.3.1 Training Staff. . ..o 237
15.6.3.2 Standard Operating ProCEAUIES ..........oouiiiiiiiiii it 238
15.7 RETOTOIICES ... e e 238
Chapter 16: ProCUIrEMENL........ciuieieieieiiiiiiiiietteeeeieatetetetetecaceeneneeasasesesesnsasasnesesssasasesesnsnsasnsnesasnsnsasnses 239
16,1 INETOAUCTION . ...ttt 239
16.2 ProCUTEMENT OVEIVIEW ....uviiiiiiiieieiiiiiie ettt e ettt e et e e e e ettt e e e e e ettt e e e e e e e ettt e e e e e e e ntsaaeeeeeeeennes 239
16.2.1  OrganizatioNal LOCATION .. ..iiiiiiiii it 240
16.2.2 Engagement TIMeTTAImIe ... it 240
16.3 WOTK TYP ..ottt ettt ettt ettt ettt 240
16.3.1  COMSEIUCTION . ..ottt ettt et e et 240
16.3.2 Engineering and Design-Related SEIVICES .........ooiiiiiiiiiiiie e 241
16.3.3  IMIAINIEEIIATICE ..ottt e e e e e e e e e e e e e e e oo e e oo e e e e oo e ettt 241
16.3.4 Operational IMPTOVEIMIEIIT. ......iiiii ittt 242
16.4 SeleCtion MethOd ... ... 242
16.4.1 CoSt-Based SEIECTION .......cuiii e 243
16.4.1.1 TSMO APDPIOACH ..o ottt 243
16.4.2 QUalifications-Based SELOCTION . ...ccc it e, 243
16.4.2.1 TSMO APPIOACH ..ottt 244
16.4.3 Combined Qualifications and Cost Selection (Best Value) ...........cccoooiioiiiiiiiiiicicieecceee e 244
16.4.3.1 TSMO ADPPIOACKH . ....oiiiiii e 244
16.4.4 S0le SOUTCE SEIECTION ...ooiiiiiii i 245
16.4.4.1 TSMO ADPDPIOACKH ...ooiiiiiiii ittt 245
16.5 CONLract MECRATIISIILS ......vviiiiie e e 245
16.5.1  PayIent STTUCTUTE. ... .ttt ettt et e ettt e et e et e e e e 245
xvi © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

16.5.1.1 FIXEA PIICO.. oottt 246
16.5.1.2 COSt ROIMDUISEITIONE . ....oviiieieeeeeeeeee e 246
16.5.1.3 Performance Incentives and DiSINCENTIVES ......c..oiiiiiiiiiiiiii e 246
16.5.1.4 ACCEPLANICE TOSITIE .. ee ittt et 246
16.5.2  AWATA SEIUCTUTE. 1..tiiiiiiiiiii ettt ettt ettt e et e et e et et e st e et e et e et e e e eenae s 247
16.5.2.1 Indefinite Delivery Indefinite Quantity (IDIQ)
16.5.2.2 Indefinite Quantity Contract (IQC) ..........ooviiiiiiie i
16.6 Suggested TSMO ProCUurement STIUCTUTES .. ....iiiiiii ettt ettt 247
16.7 Innovative ProcUrement OPTIOTIS .. ... i ittt ettt e e e 249
16.8 Examples of Operational IMPrOVEIMENTS. ......cc.uiiiiiiiiii ittt 250
16.9 ROTOTOIICES ..o 251
Chapter 17: ProjJeCt FUNAING ..ot e e teeieeeeeeeeeee et s s saeneneaaasasasnsnsnsnsesnsnsnsnnsnsnsnnes 253
B R oL (o 16 LU el (o) o HO SR TSRS P PSSP PUSPPURPN 253
B o (o) 1T a o o ] 1 PSSP PPP PRSP 253
1721 PLATITIIIIE oo
17.2.2 DIBSIEIL 1.ttt ettt
17.2.3 Construction/Equipment
1724 OPOIALIOTIS -ttt e ettt ettt oottt et ettt ettt et e et e e
17.2.5  MAINTETIATICE ..oiiiiiiiiiieee ettt e e e ettt e e oottt e e et e e e
17.3 FUIAINE PrOCESS ..ottt
17.3.1  QUANTIETING NEEAS ..ottt
17.3.2 Programming Timeframe
17.3.3  PaTtNEISIIDS o oot
17.3.4  JUSTIHICATION. ..o
17.3.5  SUDIIISSION ..ottt ettt ettt ettt ettt ettt ettt ettt
17.4 LOCAL FUNAS ...ttt 257
17.5 STALE FUILAS .ottt 257
176 Federal FUNAITIZ .....oeieeee ettt 258
17.6.1 National Highway Performance Program (NHPP)...........ocooiiiiiiiiiii e 259
17.6.2 Surface Transportation Block Grant (STBG)..........cciiiviiiiiiiiiiicie e 260
17.6.3  STBG Transportation AItEINAtiVeS..........ooiiiiiiiiii e 260
17.6.4 Congestion Management and Air Quality (CMAQ)........oiiiiiiiiiiiiiee e 261
17.6.5 Highway Safety Improvement Program (HSIP).........ccoociiiiiiiiiiiiiiii e 262
17.6.6 National Highway Freight Program (NHFP)............cccccoooinn,
17.6.7 Other (Research, Technology, and Education)
17.6.7.1 Metropolitan Planning FUNAS ..........oociiiiii e 264
17.6.7.2 State Planning and ReSEATCH ..ot 264
B A T A T € - o N S P UPU PP PSPPI 264
17.7 ROTOTOIICES ..ottt 265
Part E: TactiCal ElemEnt s .....oiiiiiee ittt te e esesesenensnsasanensssnsnsenssssssensnessssnsssnssnsnsssnsnes 267
Chapter 18: Overview of Tactical EIements .........cc.coiuiiniiiiiiiiiiiiiiiiiiici e e e 269
18.1 Managing COMEESTION ... .cuuiiuiiiiii ittt ettt ettt ettt et ettt 269
© 2023 by the American Association of State Highway and Transportation Officials. xvii

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

18.2 TIMNPTOVIILE SATOLY ...ttt ettt ettt 270
18.3 Operational Performance Monitoring, Transportation Management Centers (TMCs), and
Traveler INTOTITIATIONY ..o 271
18.3.1 Performance MOMITOTINE . ...ovi ittt

18.3.2 Transportation Management Centers

18.3.3 Traveler Information DiSSemination ..........oooiii i e
18.4 TACHIC CAOEOTIES . eeitiee ettt ettt ettt et e ettt et e oo m e e ettt e ettt e e et e et e e et e e 274

18.4.1 Fundamental Elements of Situational Awareness, Communication, Decision Support, and Control.. 274
18.4.2 Event Mana@eIMIEIIT ......coiiiiiiiiiiii et
18.4.3 Arterial Management...........cccooeveriirnnnn,

18.4.4 Freeway Management Tactics
18.4.5 Freight Operations TaCICS ... i ittt
18.4.6 Advanced INtegrated TACICS. ......iiuiiiiiiii ittt
18.4.7 Active Demand and Parking Management Tactics

18.4.8  ACHIVE TTANSPOTTATION . ..etutiiee ittt ettt et e ettt e et e e et e et e e et e e
18.4.9 TTANSIE TACTICS o ittt ettt ettt ettt e et e et e s
18.4.10 ROAA PIICINIE ..ottt

18,5 ROTOTOIICES ..o 276

Chapter 19: Fundamental Elements of Situational Awareness,

Communication, Decision Support, and Control............ccceiiiiiiiiiiiiiiiiiiiiiiiiiiiirrr e e eere e sanes 277
19.1 Data and Information GatheTing.........oocioiiiiiii e 277
19.2 Traveler INFOImIatiON .. oo e 279
19.2.1 Pre-Trip Traveler INfOrmMation .. .....cc.iiiiiiiiiici e 281
19.2.2 En Route Traveler INfOrmation ............oooiiiiiiii i 283
19.2.2.1 TTAVEL TIITIOS ..o e 283
19.2.2.2 Comparative Travel TIMES .. ...oouiiiiiiiii it 284
19.2.2.3 CUTTENE DELAY ..iiiiiiiiiii et
19.2.2.4 Roadway Closures .........................
19.2.2.5 Incident Information
19.2.2.6 End-of-Queue Warning SYSTEIIIS ......cuiiiiiiiiiiie ettt 285
19.2.2.7 ROULE GUIAAIICE ... 285
19.2.2.8 Data SRATIIIE 1..oiiiiit it 285
19.2.2.9 Implementing Traveler Information SYStEIMS .........oviiiiiiiiii i 285
19.3 Transportation Management COIEETS .......uii ittt ettt ettt 286
19.4 Statewide and Reg@ional INTEGTAtiON .......co.iiiiiiii it 287
19.5 RETOTOIICES ... e 287
Chapter 20: Event Management TaCiCS. .. .ccevuiiiiiiiiieiiieieeeieeiteeerereerrereseseseesesnesesaesesassesassssassnsanss 289
20.1 Traffic Incident Management (TTIVL) .......oiiiiiiie oottt 290
20.1.1 INCIAENE LOCATIONS. ...t
o T B N 1Y/ R o) 0] oTe) s <) o L S P PSSP U PR PPUIUUPPRNt
20.1.3 TIM Stakeholders ...........c.cccoocco .
20.1.4 Implementing a TIM Program
20.1.5 TIM Performance MeasUTeIMIENt. . .....cc..iiiiie e 295
xviii © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

20.2 Emergency Transportation Operations fOr DISASTOIS.........iiuiiiiiiiiiiiie et 297
20.2.1 Incident COomMmMAand SETUCTUTE .. ..coiiiiiiiiii ettt 297
20.2.2 Performance Management for ETO .........oooiiiiiiiii i 298
20.2.3 Planning Before @ DISASTT.....c..iiiiiiiiiiiii ettt 298
20.2.4 ETO SETALEGIES ..ottt ettt ettt 299

20.3 Road Weather Management (RWIM) .......oooiiiiiiiiiiio e 300
20.3.1 Data and Tools for Prediction and Preparation ...........ccc.oooiiiiiiiiiiiccece e 301
20.3.2 Road Weather Information Sensors (RWIS)/Environmental Sensor Systems (ESS) .........cccooovveireinnn. 302
20.3.3 RWM COTMPOTIENIES ...ttt ettt e oottt e e ettt e ettt e e st e e e et e e e neeeeeaaeeaan 303
20.3.4 RWIM SETATEEIES ..ot 303
20.3.5 MItGAtING IMPACES ..ottt e 304
20.3.6 Performance Management and Related MeasUIes ........c.coouiiiiiiiiiiiiiiii e 304

20.4 Work Zone Traffic Managemment. ... ...ooiiiii it 306
20.4.1 Coordinating ROAM PTOJECLS ... ..ooviiiiiii i 306
20.4.2 Lane ClOSULE POLICIES ... ouiiiiiiiiieii et 307
20.4.3 Traffic Management Plan (TIVMP) ......oooiiiiiiiii e 307
20.4.4 WOTK ZONE SETATOZIOS. ...ttt ettt 308
20.4.5 Use of Intelligent Transportation Systems (ITS).......cooouiiiiiiiiiiiii oot 309
20.4.6 Work Zone Crash Management .........ccooiiiiiiii ittt 309
20.4.7 DAta NEEAS. ...ttt 309

20.5 Planned Special EVent Mana@eIment ... .couii ittt 310
20.5.1 Program PIANTIIIE . ..oooiiiiiiiioii s 310
20.5.2 INItIAl PLANNING . .o.oiiiii s 311
20.5.3 Feasibility STUAY ACHVITIES ....oiiiiiiii i 311
20.5.4 Traffic Management Plan ACHVITIES. ......cooiiiiiiii e 312
20.5.5 IMplementation ACHIVITIES .. ...ouiiiiiiiii ettt 312
20.5.6 Day-0f-EVENt ACTIVITIOS .....iiiiiiiiii ittt 313
20.5.7 POST-EVONT ACTIVITIES. .o e e 314

20.6 RO OO ICOS .. oo e 314

Chapter 21: Arterial ManagemeENt.........cciuieiiieiireiieieiiereetreeereereseeeesesensasensessnsessssnsessnsessnsessessssasessnsens 319

21.1 Traffic Signal Program ManageImenit. ... ...ooiiiiiiiiiii et 320
21.1.1  Developing the TSMP ... 320
21.1.2 Goals, Objectives, and Performance MeEaSUTES........c..coiuiiiiiiiiieiiie e 321

21.2 Advanced Traffic SIgNal COMEIOL. . .o.uiiiiii it 322
21.2.1 Traffic-Responsive Signal CONETOL.........ooiiiiiiii s 323

21.2.1.1 Weather-Responsive Traffic Signal TIming..........cccoviiiiiiiiiiii e 323
21.2.1.2 Adaptive Traffic Signal CONETIOL .......oiiiiiii i 324
21.2.1.3 Automated Traffic Signal Performance Measures ..........ccooiiiiiiiiiiiiiiiieieee e 324
21.2.1.4 Target Locations and PractiCeS .......coiiiiiiiiiiiiii et 324
21.2.1.5 Supporting Policies or Actions Needed ...........cccooiiiiiiiiiiiii 324
21.2.1.6 Key CONSIAOTAtIONIS . ..oviiiieiie e 325
21.2.1.7 Implementation EXAmMPLesS.......coiiiiiiiiiii i 325
212,108 COSE 1ttt e 326
© 2023 by the American Association of State Highway and Transportation Officials. xix

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

21.2.1.9 Data NS ... 326
21.3 Arterial Contraflow Lane ROVETISAL............ e e 326
21.3.1 Target Locations and PraCtiCeS ......cc.iiiiiiiiiiii ittt 327
21.3.2 KO COMSIAOTATIONS ...ttt ettt ettt ettt et e et e et e et e e 327
21.3.3 Implementation EXAMPLES.......ccoiiiiiiiii e 327
21.3.4 IMPleMENTAtION ISSUES.....oiiiiiiiiiiii ettt 328
21.3.5
21.3.6
21.3.7
21.4 Arterial Dynamic Shoulder Use/Transit-Only Lanes .........cocoiiiiiiiiiiii it 329
21.4.1 Target Locations and PTaCiCOS ......cuiiiiiiiiiit e 329
21.4.2 Key Considerations..........cccocoeveiviiiiiiiiiiieiicee
21.4.3 Implementation Examples
21.4.4 IMPleMENTAtION ISSUES.....iiiiiiiiiii ittt ettt
21.4.5 PrOject TIMEITAINE ..ottt
2146 COSTu ittt eteee e
21.4.7 DAla NEEAS. ...ttt
21,5 RETETEIICES ... oottt ettt 331
Chapter 22: Freeway Management TACtiCS .....cuiuieiieiiiiiiiiiiiiiiieeieieieeteterercesncnceeeacaresesnsnsasnsncncessasasnnes 333
22.1 Ramp Management and COMEIOL........oouiiiiiiiiii ittt 334
22.1.1 Ramp Metering/Adaptive Ramp Metering ........ccoooiiiiiiiiiiiiiiiiii et 334
22.1.1.1 Target Locations and PractiCes . .......ociiiiiiiiiiiiiii e 336
22.1.1.2 Key CONSIAOTAtIONS. .. .o.iiiiiiii et 336
22.1.1.3 Implementation EXAmMPLES........ooiiiiiiiiii i 337
22.1.1.4 ImMplementation ISSUES ......ooiiiiii it 338
22.1.1.5 Project TIME TAImIE. . o.ooiiiiiii et 338
22.1.1.6 DataNEOAS .. .o 338
22.1.2  SPECIAl-USE TIOATIIIEIITS ... .ottt ettt ettt ettt et e ettt e et e et et eenee e e 339
22.1.2.1 Target Locations and PractiCes........ccooiiiiiiiiiiiiii e 339

22.1.2.2 Key Consideration

22.1.3 Ramp Terminal TTRAtINIENTS .. .couuiiiiii ittt ettt 340
22.1.3.1 Target Locations and PractiCes........ccooiiiiiiiiiiiiii oot 340
22.1.4 RAMP CLOSUTE ...iiiiiiiii ettt ettt ettt e e 341
22.1.4.1 Target Locations and PraCtiCes........ccoiiiiiiiiiiiiiiiiii e 341
22.1.4.2 Key CONSIAOTAtIONS. .. .o.viiiiiii ittt 342
22.2 Dynamic JUNCHON CONTTOL.... ..ottt ettt 342
22.2.1 Target Locations and PTraCtiCOS ......cuiiiiiiiiiii i 343
22.2.2 KeY CONSIAOTATIONIS ... .viitiiitit ettt ettt ettt 343
22.2.3 Implementation EXAMPLES.......coiiiiiiii i 344
22.2.4 Project TIMEITAINIE ...t 345
22.2.5 IMPlemMENTAtiON ISSUES......ooiiiiiiiiii et 345
b SR o T S PSPPSR SPPRUPPR 345
22.2.7 DAtaNEEAS. ... 346
xx © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

22.3 Contraflow Lane REVETSAL .........oiiiiiiiiii e 346
22.3.1 Target Locations and PTaCtiCOS .........iiiiiiiiiiiit s 346
22.3.2 KeY COMSIAOTATIONS ... vttt ettt ettt e et et et eeae e 347
22.3.3 Implementation EXAMPLES.......c.oooiiiiiii e 347
22.3.4 IMpPlemMentation ISSUES......coiiiiiiiiii ettt 349
22.3.5 PrOJeCt TIMEITAIMNE ..ooiiiiiiiieii ettt 349
bl N T o ] PRSPPI PPURPPURPP

22.3.7 Data Needs..........

22.4 Part-Time Shoulder Use

22.4.1 Target Locations and PTraCtiCOS ......cooiiiiiiiiiii it 351
22.4.2 KeY COMSIARTATIONS ... viiiiiieiiie ettt ettt ettt e et et e et e et e e 351
22.4.3 Implementation EXAIMPLES ... ...ooiiiiiii e 352
22.4.4 Implementation Issues
22,45 COSEu ittt ettt
22.4.6 DAta NEEAS. ...ooiiiiieii et

22.5 Dynamic Lane UsSe CONETOL......co.iiiiiiiiiiiiii ettt ettt 354

22.5.1 Target Locations and PTaCtiCOS ......c.uiiiiiiiiiiiit s 354
22.5.2 Key ConsiderationsS.........cccceeueveviioiiieeiiieoiieeieeeinn

22.5.3 Implementation Example
22.5.4  COSEu ittt et ettt e
22.5.5 Data NEEAS. ..o

22.6 Dynamic Speed Limits 0T Speed AdVISOTIES ......c.uiiiiiiiiieiii ettt 356

22.6.1 Target Locations and Practices
22.6.2 KeY COMSIAOTATIONS ... viiiiiieiie ettt ettt ettt ettt e et et
22.6.3 Implementation EXAmMIPLes ... ....coiiiiiiiii e
22.6.4 IMPlemMeEntation ISSUES......coiiiiiiiiiiii ettt
22.6.5 PrOJeCt TIMEITAIMNE ..ottt ettt
22,66 COSE ittt ettt bttt ettt e
22.6.7 DaAta NEEAS. ..ot

22.7 QUEUE WATITHIIIE ..oiiiiiie ittt ettt e ettt oottt e et e ettt e ettt e ettt ettt

22.7.1 Target Locations and Practices
22.7.2  KeY COMSIARTATIONS ....viiiiiieiie ettt ettt ettt ettt e ettt e e
22.7.3 Implementation EXAmMPLES ... ...oooiiiiii e
22.7.4 IMPlemMeNtation ISSUES. ..ottt
22.7.5 PTOJECt TIMEITAINE ...ttt ettt
22,76 COSE ittt ettt
22.7.7 DAaNEEAS. ..ot

22,8 SUITIITIATY ..vttttiitee ettt et e ettt e oot e oottt e e a e e e e e et e e et e e e ekttt e e et e e oo st e e e e et e e e e a et e e e st e e e eae e e e et e e e ettt e e et e e 362
22,0 RO OO ICOS .o e 362
Chapter 23: Freight Operations......c.cccieeiiiiiiriiieriieteieereeeereeterecesnsensaseesasessesessesessssessassesassssessssnsassnnes 365
23.1 Freight Operations around Ports and Other Commercial Traffic Generators............cocovveviiriiiiiiiiiecce 366

23.1.1 Target Locations and PTaCtiCOS ......c.uiiiiiiiii it 366
23.1.2  KeY CONSIAOIATIONS ..ottt ettt a ettt ettt ettt ettt
23.1.3 Implementation Examples

© 2023 by the American Association of State Highway and Transportation Officials. xxi
All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

23.1.4 COMPlIMENTATY STEATEEIES ... i uiiiiitieie ettt ettt 370
23.1.5 IMPleMENtAtION ISSUES.....oiiiiiiiiiiiciii ettt 370
23.1.6  PrOJeCt TIMETAINE ...oiiii ettt 371
23,17 08 ittt 371
23,18 DATAINEOAS. ... 371
23.2 TTUCK PATKIN@ ..ottt 371
23.2.1 Target Locations and PTaCtiCOS ......c.uiiiiiiiiii ittt 372
23.2.2 KeY COMSIAOTATIONS ....vviiiiieieie ettt ettt ettt 373
23.2.3 Implementation EXAMPLeS.......c.ooiiiiiii e 373
23.2.4 IMPlemMENtAtioN ISSUES. .. .ooiiiiiiiiiiii ettt ettt 374
23.2.5 PrOject TIMEITAIMNE ...oviiiiiiie ettt 375
23.2.6 O T ittt 375
23.2.7 DAt NEEAS. ..ottt 375
23.3 Use of ELDs for e-Inspections to Expedite Freight ... 375
23.3.1 Target Locations and PraCtiCes .........ciiuiiiiiiiii it 376
23.3.2 Ky COMSIAOTATIONS ... vttt ettt ettt ettt e e 377
23.3.3 Implementation EXamMPLES......cccoooiiiiiiiioi e 377
23.3.4 IMpPlementation ISSUES......coiiiiiieiie e 377
23.3.5 PrOJeCt TIMEITAINE ..ottt ettt 378
23.3.6 08t ettt ettt ettt ettt 378
23.3.7 DAt NEEAS. ..ottt 378
23.4 Dynamic TrUCK RESITICTIONS ...o..iiiiiiiii it 378
23.4.1 KeY COMSIAOTATIONS ... .viiiiiieeiie ettt 379
23.4.2 Implementation EXAMPLES.......coiiiii e 379
23.4.3 IMPlemMENtAtiON ISSUES. .. .oiiiiiiiiiiiiii ettt 380
23.4.4 PrOJeCt TIMEITAINE ...oiiiiiii e 380
23145 COST ittt 381
23.4.6 DAt NEEAS. ...ttt 381
23.5 CAV Pertaining to FIOIGIT .....iiiiiiiii e 381
23.5.1 Target Locations and PraCtiCes .........ciuiiiiiiiiii it 382
23.5.2 KO COMSIAOTATIONS ...ttt ettt ettt ettt e et e et e et eeeeaeeenaee s 382
23.5.3 Implementation EXAMPLES......ccoiiiiiiiiii e 383
23.5.4 IMpPlementation ISSUES. ... ..oiiiiiiiiit it 384
23.5.5 PTOJECE TIMETTAINE ...oiiiiiiii ettt 385
23.5.6 DAt NEEAS. ..ot 385
23.6 RETETEIICES . .. ittt 385
Chapter 24: Advanced Integrated TACtiCS .. .ccuiuiiieiiiieiiiiiiiieiiieeitnieernteerneeerecereceseseasnsessasessesessesnssoses 389
24.1 Active Management and TSIMO .........oiiiiiiiiii e 389
24.2 Managed Motorways and FTEWAYS ... .couii ittt 391
24.2.1 Layers of Managed Motorways Active Management .........c.coviiiiiioiiiiiie e 392
24.2.2 Managed MotOrways TOOLS .......oiuiiiiiii e 392
24.2.3 Implementation EXAMPLES.......coiiiiiiiii e 393
24.3 Integrated COrridor Mana@eITIEIIE ... ccuiiiiiiiiie ittt ettt 394
24.3.1 Target Locations and PTaCtiCOS ......c..iiiiiiiiiiit it 395
xxii © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

24.3.2 KO COMSIAOTATIONS ... vttt ettt ettt e ettt e et e et e et e e e enaee s
24.3.3 Implementation Examples
24.3.4 IMpPlemMentation ISSUES.......oiiiiiiiiie et
24.3.5 Project Timeframe
24.3.6 Data Needs

24.4 MANAGEA LATIES ..ottt 399
24.4.1 Target Locations and PTaCtiCOS ......c.uiiiiiiiii ittt 400
24.4.2 KeY CONSIAOTATIONIS ...ttt ettt ettt ettt 400
24.4.3 Implementation EXAMPLES.......coiiiiii e 401
24.4.4 TMPleMENTAtION ISSUES .. .iiiiiiiiiiii ittt 402
24.4.5 Project THMEITAIMIE . ..ooii it 402
24.4.6 COSE..oiiuiiiii i 402
24.4.7 Data NEEAS. ...t 402

R U0 Y 00 =1 7 PP PSP UPPR PP 403

24,6 RETETEIICOS ...ttt 403

Chapter 25: Active Demand and Parking Management TactiCs .......ccoeiiiiiiiieiiiiieieienieieiicceceeeeeeenenesnnns 405

25.1 Dynamic Transit FATe PIICINIE .....oouiiiiiiiie ettt 406

25.2 MANAEEA LATIES ..ottt 406

25.3 VAriable PriCINE . ..oviiiiii e 407

25.4 Dynamic RIAESNATIIIE ...coviiii e 407
25.4.1 Target Locations and PraCtiCes .........oiuiiiiiiiii it 408
25.4.2 KEY COMSIAOTATIONS ... vtiiiiiieiii ittt ettt e et e et e et e et eeeeaeeenaee s 408
25.4.3 Implementation EXAMPLES......oc.oiiiiiiiiii e 409
25.4.4 IMpPlementation ISSUES. ... ..oiiiiiiiiie it 409
25.4.5 PTOJECE TIMETTAINE ...ttt ettt 409
2546 COSEu s 410
25.4.7 Data NEEAS. ...ttt 410

25.5 DYNAMIC ROULITIE ..ottt ettt ettt e et e et e et e et 410
25.5.1 Target Locations and PraCtiCes .........oiiiiiiiiii it 410
25.5.2 KeY COMSIARTATIONS ... vttt ettt ettt e et e et e et e e e 411
25.5.3 Implementation EXAmMPLES......cccooiiiiiiiiiii e 411
25.5.4 IMPlemMENtAtioN ISSUES......coiiiiiiiiii oottt 412
25.5.5
25.5.6
25.5.7

25.6 Dynamic Transit/Demand-Responsive TIanSIt. ... .co.iiiuiiiiie ittt 413

25.7 Active Parking Mana@eITIIIT ........oiiiiiiiii ittt 413
25.7.1 Target Locations and PTaCtiCOS .. ...c.uiiuiiiiiiii it 413
25.7.2 KO CONSIAOTATIONS ... it ettt ettt ettt ettt ettt 413
25.7.3 Implementation EXAMPLeS.......c.ooiiiiiiiii e 413
25.7.4 IMPleMENTAtION ISSUES.....oiiiiiiiiiiiiii ettt ettt ettt e 416
25.7.5 Project TIMEITAMIE ...ooiiiiii e 416
25.7.6 COSE. s 416
25.7.7 DAL NEOAS. ..ot 417

© 2023 by the American Association of State Highway and Transportation Officials. xxiii
All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

25.8 RETETEIICES ...ttt ettt 417
Chapter 26: Active Transportation TACtICS .....ccciieiiieieiiiiiiiiiiiiiieteeeieieieeteeeetecesneneeeeseasasesasnsasasnsncnsanenns 419
26.1 BICYCLE LAES ... ittt 420
26.1.1 Target Locations and PractiCes .. ..ottt 421
26.1.2 KeY COMSIAOTATIONS ... viiiiiieiiie ettt ettt et ettt et e et e et e e e 421
26.1.3 Implementation EXAMPIES......ccoiiiiiiiiiiiii e 422
26.1.4 IMPlemMENtAtION ISSUES......oouiiiieiiiieii et 423
26.1.5 PrOJeCt TIMEITAINE ...oiiiiiiii ettt ettt 424
26. 1.6 O T ittt ettt ettt 425
26.1.7 DaAta NEEAS. .. oot 425
26.2 CYCLE TTACKS ..ottt 425
26.2.1 Target Locations and PTraCtiCOS .........oiiiiiiiiiit i 426
26.2.2 KeY CONSIARTAIOTIS ....vtiett ettt ettt ettt aneas 427
26.2.3 IMpPlemMentation ISSUES. ... .coiiiiiiiiii ettt 427
26.2.4 PrOJeCt TIMEITAINE ...oiiiiiiiici ettt 428
26,205 COSE ettt ettt ettt ettt ettt 428
26.2.6 DAta NEEOAS. ..o 428
26.3 BIRE SNATIIE ..ottt 428
26.3.1 Target Locations and PTraCtiCes .........oiiiiiiiiiii it 428
26.3.2 KeY COMSIARTATIONS ...ttt ettt ettt ettt e et e et e et e e 429
26.3.3 Implementation EXAMPIES......ccoiiiiiiiiiiii e 430
26.3.4 IMPleMENtAtION ISSUES......couiiiiiiiiieiie et 430
26.3.5
26.3.6
26.3.7
26.4 PedesStrian FACIIITIOS ... ... e e 432
26.4.1 Target Locations and PTaCtiCOS ......coiiiiiiiiiiit it 433
26.4.2 Key Considerations................
26.4.3 Implementation Examples
26.4.4 IMPlementation ISSUES . ... .o ittt
26.4.5 Project THMEITAIMIE ....ooi i
26.4.6 COSE. ittt ettt
26.4.7 DAta NEEAS. ..ottt
26.5 Bicycle and Pedestrian EAUCATION .. ..cc.viiiiiiiiiiiii et
26.5.1 EQUCATION ... tiieceeeeeeeeeeeeeeeeeeees 437
26.5.2 ETICOUTQZRIMIEIIE ...eiiiiiiiiiiiii ettt et e ettt e e e e e e e e 437
26.5.3 Target Locations and PraCtiCes .........ooiiiiiiiiiii i 438
26.5.4 KeY COMSIARTATIONS ... .ttt ettt ettt e et e et e e e e e enaee s 438
26.5.5 Implementation EXAMPIES......ocoiiiiiiiiiiiii e 438
26.5.6 Project TIMEITAIMIE ....ooiiiiiii e 439
26.5.7
26.5.8
26.6 RETETEIICES ... oottt 440
Chapter 27: Transit TACtiCS . ittt iereeeir e e et tteceeneeeeaeaesesesnsasasnesesasnsnsesesnsnsasnsnssasnsnsnsnnes 445
xxiv © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

27.1 Transit SIGNAl PIIOTIEY.....oiiii ittt 448
27.1.1  Passive and Active SIgnal PrIOTIEY ... .ccooviiiiii i 448
27.1.2  Stepsin Transit SIGNal PrIOTIEY ....oooiiiiiii s 449

27.1.2.1 ReqUest INITIATION. .. .iiiiiiii ittt 449
27.1.2.2 System Architecture and CommUNICATION ..........ccoiiiiiiiiiiiii i 449
27.1.2.3 Implementation of Transit Signal Priority

27.1.2.4 RECOVEIT ...ttt ettt ettt
27.1.2.5 Key CONSIAOTAtIONS . .oviiiiiiecei et
27.1.2.6 Implementation EXAmMPLesS.......coiuiiiiiiiiii i
27.1.2.7 COSE ittt
27.1.2.8 Datad NEEAS ....eoveiiiiiet e

27.2 BUS RADIA TTATISIE c.viiitiii ittt ettt ettt 453
27.2.1 Target Locations and PTaCtiCOS ......c..iiiiiiiiiiit et 455
27.2.2  KEY CONSIAOIATIONIS ...ttt ettt ettt 455
27.2.3 Implementation EXAMPLES.......c.oiiiiiiiii e 456
27.2.4 IMPleMENTAtION ISSUES. .. .iiiiiiiiiiiiiii ettt ettt 457
27.2.5 PrOJeCt TIMEITAINE ...oiiiiiiiiice e 457

27.2.5.1 Project PIANTIIIIE . ....oo it
27.2.5.2 Engineering, Environmental, and Design
27.2.6  COStS ANd FUNAITIZ ..ottt
27.2.7 Data NEEAS. ... e

27.3 Dynamic Transit FATe PIICINIE .....ooouiiiiiiiii ettt 458
27.3. 1 KeY CONSIAOIATIONS ..ottt ettt ettt 459

27.4 ON-DeTand TIANSIE. c..oeiiii ittt 460
27.4.1 Target Locations and PTaCtiCOS ......c.eiiiiiiiii it 462
27.4.2  KEY CONSIAOIATIONIS ...ttt ettt ettt ettt 462
27.4.3 Implementation EXAMPLeS.......c.oiiiiiii e 463
27.4.4 TMPleMENTAtION ISSUES.....iiiiiiiiiiii ittt ettt eiae e 463
27.4.5 Project THMEITAIIE . ..ooii it 463
27.4.6 COSE. i 463
27.4.7 DATa NEEAS. .. oottt 464

27.5 Multimodal TranspOrtation COMEETS ... ...ciiiiiiiiiiii ettt ettt ettt ettt 464
27.5.1 Target Locations and PTaCtiCes .........oiiuiiiiiiiiie it 465
27.5.2 KO COMSIAOTATIONS ... vttt ettt ettt e et e et e et e e e e enaee s
27.5.3 Implementation EXAMPLOS.......c.oiiiiiiiiii e
27.5.4 Implementation Challenges
27.5.5  PTOJECE TIMETTAINE ...oiiiiiiiiiciie ettt
27.5.6  COSTu s
27.5.7  DAta INEEAS. ..ot

27.6 RETETEIICES ..o

Chapter 28: Tolling and ROAA PriCiNg ......c.ceiiuieiiiuiiieiiiieiiiieetereeeesueeecnsecasesesensesensnsensasensnsesseseasnsansnnes

28.1 Tolling and CONGeStION PIICINE .....iiuiiiiiiiiie ittt 473
28.1.1 Target Locations and PTaCtiCOS ......c.uiiiiiiiiii it 474

© 2023 by the American Association of State Highway and Transportation Officials. xxv

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

28.1.2 KeY COMSIARTATIONS .....tiiiiieiii ettt ettt ettt e et e et e et e e e enaee s 474
28.1.3 Implementation EXAmMPLeS ... ...ooiiiiiiiii e 474
28.1.4 IMpPlemMentation ISSUES......coiiiiii ittt 475
28.1.5 PrOJeCt TIMETAIMNE ..ottt ettt 475
28,16 Ot ittt ettt ettt ettt 476
28.1.7 DaAta NEEAS. ...t 476
28.2 COTAON PTICINE .ttt ettt et ettt ettt ettt 476
28.2.1 Target Locations and PractiCes ......coiiiiiiiiiii e 476
28.2.2 Ky COMSIARTATIONS ....veieiit ettt ettt et e ettt et e et e e 477
28.2.3 Implementation EXAMPIES......cc.oiiiiiiiiii e 477
28.2.4 IMpPlementation [SSUES. ... .c.i ittt 478
28.2.5 PTOJECT STATT-UP ..ttt ettt ettt 478
28126 COS Tttt ettt 478
28.2.7 DAta NEEAS. .. oot 478
28.3 RETETOIICES . .. ettt 479
Part F: Industry and Technology Trends................... e eteeeneneeerenenenenss e eeeneneeeserenenenenes ... 48]
Chapter 29: TechNOlOgy Trends......cc.iuieiiniiiiiiiiiiiiiiiiiiii ettt st seeensacensasessasessasessassnsases 483
29.1 Advanced COMMUUIICATIONIS ... ...t 483
20.2 CYFDOISECULILY ...ttt ettt ettt e ettt ettt ettt 485
20.2.1 CFDOT RISKS ...t 486
29.2.2 Coordination with Information Technology (IT) Staff...........cccooiiiiiiiii e 487
29.2.3 Self-Assessment, Planning, and Realistic EXEICISES .........cciiiiiiiiiiiiiiit et 487
29.2.4 CyberseCurity BESt PraCtiCOS . ..uiiuiiiiiiiiii et 488
29.2.5 Staying Current on Potential Threats and Best PractiCes ...........oocioiiiiiiiiiiiiiicc 490
29.3 Big Data and ANALYICS ...o.iiiiiii oo 491
29.3.1 Integration of Many Technologies across Many SECTOTS ..........cooiiiiiiiiiiiiiii et 492
29.3.2 Data Availability and Need for RObust ANAIYTICS ...ovviiiiiiiiiiiic e 493
29.3.3 Potential Impacts and OPPOTtUNITIES. .....o..iiiiiiiiie ittt 493
29.3.4 POlICY IMPIICATIONS ... viiiiiiiceiie ettt 493
29.4 Artificial Intelligence and Advanced COMPULIIIZ ... .oouiiiiiiiiii ittt 494
29.4.1 Artificial INTeIlIZEIICE ..o 494
29.4.2 Edge Computing and Cloud COMPUELINIE ... .oveiiiiiiiiiieiie it 496
29.5 CONNECLEA VENICIES ...ttt 496
29.5.1 Anticipated Opportunities for Connected Vehicles
to Improve Transportation OPEIALIONS .. ..i.iiiiiiiiii ettt ettt 497
29.5.2 Anticipated Impacts of Connected Vehicles on Operations...........ccocueeviiiiiiiiiiiiiie e 498
20.6 AULOIMALEA VEIICLES ... . e 500
29.6.1 Anticipated Opportunities for Automated Vehicles
to Improve Transportation OPEIAtIOIIS .. ...o..uiii ittt et et ettt e e e s 500
29.6.2 Synergies of Combining Connected and Automated Vehicle Features ............ccccoovoviiiiiieiiinnin, 501
29.6.3 Anticipated Impacts of Automated Vehicles on Agency Operations ...........cocoovieviiiiiiiiiiiieieee 503
29.6.3.1 Operations Impacts of Automated VEhiclesS.........ccciiviiiiiiiiiiiiiie e 504
xxvi © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

29.6.4 Managing Uncertainties Around Automated Vehicles..........ccooiiiiiiiiiiiii 506

2.7 RETETEIICOS . ... ittt 506
Chapter 30: INAUSIIY TreNAS ...c.ueeieieiiiiiiiietreeere ettt e eeeteeeeeeasasetnsnsnsasasnesesasnsnsesesnsnsasnsnenssnsnsnsnnns 51
30.1 Changing Roles in the 215 CONEUTIY ....uiiiiiiiii it 511
30.2 RISK IMATIAZEINIOIIE ..ottt ettt 513
30.3 Examples of Industry Trends in OPETations ........oiuiiiiiiiiiiie ittt 515
30.3.1 Mobility 0n Demand (IMOD) ........c..ooiiiiiieeee et 515
30.3.1.1 Potential Operations Impacts and Opportunities of MOD..........cccoooiiiiiiiiiiiiiiiceceieeee 516

30.3.1.2 Potential for First/Last Mile, Enhanced Mobility.........cccooviiiiiiiiiiiiiiiice e 518

30.3.1.3 POlICY IMPLICATIONIS. . vttt 518

30.3.2 Mobility as a Service (MAQS) .......c..ooiiiieoeeeee e 519
30.3.2.1 Public-Sector Integration with Private Providers ..........cccocoiiiiiiiiiiii 520

30.3.2.2 Potential Operational Impacts and Opportunities of MaaS..........cccoocoiiiiiiiiiiiii 521

30.3.2.3 POliCY IMPLICATIONS. ... ittt 521

30.3.3 STNATE CIEIES ..ot 522
30.3.3.1 Potential Operations Impacts and Opportunities of Smart Cities..........ccoocooviiiiiiiiiiiiienn 524

30.3.4 ROAA USAZE ChaTGINg. ... . cuiiiiiiieiiieie ettt 524
30.3.4.1 Potential Operations Impacts and Opportunities of Road User Charging.............cccoocoeornnnn. 525

30.3.4.2 OTEEOTL ...ttt 527

30.3.4.3 UL Lo 527

30.3.4.4 COLOTAAO ..ttt 527

30.3.5 Next-Generation Traffic Management SYSTEIMIS ... ...uiiiiiiiiiieieeie et 528

30.3.5.1 Potential Operational Impacts and Opportunities of Next-Generation Traffic Management

SYSTOIILS ..ttt ettt et e et 528

30.3.6 Next-Generation Traveler Information SYStEIMIS..........covviiiiiiiiiiiiiie e 530
30.3.7 Potential Operations Impacts and Opportunities of Next-Generation Traveler Information

B £S5 00 S PSPPSR PRSPPI 531

30.4 Emerging Technology Impacts on Agencies’ ACHIVITIES. ... ..ot it 532

30.5 Evolution of Organizations, Structure, and WOrkforce............oooiiiiiiii 533

30.6 Increased EMphasis 0n TEChNOLOZY .. ..o.vviiiiiiiiii s 535

30.7 Increased Need for Data Management, Transportation Performance Management, and Reporting................ 538

30.7.1 Increased Need for Workforce DevelOpIment.......c.oovuiiiiiiiiii i 539

30.7.1.1 Staff DEVEIOPIONE......iiiiiiiiiie e 540

30.7.1.2 OULSOUICITIE .ottt ettt oottt e et et e oottt e ettt e ettt e e st e et e e e e e 541

30.7.2 Increased Need fOr INteGIration ... .i.iiiiiiiii e 541

30.7.3 Impacts on Agency Operations Activities Responding to Right-of-Way Uses and Requests ................ 542

B0.8 REFEIOIICES ... 543

Part G: Terms and Definitions............coeveveinnenenn.. et eaeeneteneeneacaneeeneateeaneneanans eenens 551

© 2023 by the American Association of State Highway and Transportation Officials. xxvii

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

List of Figures

PART A: Introduction

Chapter 1: Transportation Operations Manual Introduction

Figure1.1-1  Transportation Trip Chain. ..o 6

PART B: TSMO Concepts and Context
Chapter 2: TSMO Concepts

Figure 2.1-1  Sources of Congestion on a Nationwide BasiS.........cccoiiiiiiiiiiiiiiii i 18
Figure 2.1-2  Causes of Congestion in an [llustrative Urban vs. Rural Setting ...........c.occooiiiiiiiiiiii 19
Figure 2.3-1 Example Sets of TSMO Tactics by Facility and Geography...........cccoociiiiiiiiiiiii e 25
Figure 2.6-1 Principal TSMO BeNETItS ......cuiiiiiiiiiiii i 27
Chapter 3: TSMO in the Transportation Agency Context

Figure3.1-1 The Active Management CYCLe........i ittt 33
Figure 3.3-1 Integration of Planning for Operations into the Standard Planning Process.............ccoccociiiiiinnn. 40

Chapter 4: Agency Readiness to Advance TSMO

Figure 4.3-1 Dimensions of TSMO Capability .........cciiiiiiiiiiiiiiii e 49
Figure 4.3-2  Levels Of TSIMO MatUTLLY........oiiiiiiiiiii it 49

PART C: TSMO Program Development and Management
Chapter 5: TSMO Program Planning

Figure5.1-1  Example Business Case for TSMO—Minnesota DOT ..........cccooiiiiiiiiiiiiiiee e 58
Figure 5.2-1 TSMO Program Plan EL@INENTS . .......oouiiiiiiiiii it 60
Figure5.3-1 Texas DOT TSMO Statewide Strategic Plan Goals and Objectives...........ccoviiviaiiiiiii i 62
Figure 5.3-2 Oregon DOT Operations Program Plan Linkages to Its Long-Range Transportation Plan................... 62
Figure 5.3-1 Example Programmatic Element CONETENT .......cooiiiiiiiiiiiiiii it 64
Figure 5.4-1 Ohio DOT TSMO Plan Development PrOCESS . ......couiiiiiiiiiiiie et 65
Chapter 6: Planning, Programming, and Funding for TSMO Tactics

Figure 6.2-1 Integration of Planning for Operations into the Standard Planning Process............cccccooeiviiiiiiinnnne 74
Figure 6.3-1 Washington State DOT Corridor Sketch Initiative Congestion Threshold Process .............cccoceveienin. 77
Figure 6.4-1 TSMO Tactics PIanning STEPS . ..ciiiiiiiiti ittt 79
Figure 6.7-1 Example TSMO Asset Condition Ratings—CaltTamns ..........cccocviiiiiriiiiiiieee e 88
Figure 6.7-2 Example TSMO Asset Condition Ratings—Rural TSMO ASSets ........ccceecveiiiiiriiiiiiieieie e 88
Figure 6.7-3 Example TSMO Asset Condition Ratings—Urban TSMO ASSEtS.......cceiiiiiiiiiiiiiiiieaiie et 89
Chapter 7: TSMO Performance Management

Figure 7.1-1  Performance Measurement Application Timeline...........ccooiiiiiiiiiiiiii 94
Figure7.2-1  Aligning TSMO Goals with AGency GOalS .......c.coiiiiiiiiiiii i 96
Figure7.3-1 Example State DOT Performance Target Setting .......ccoocioiiiiiiiiiiiiiieieie e 100
Figure 7.3-2 Example Transit Agency Performance Target SEtting ........ccovviriiiiiiiiiiie e 101
Figure 7.6-1 The Active and Integrated CONTINUUITL. .......co.iiiiiiiiiiit it 110
Figure 7.6-2  The Active Management CYCLe ... ..o.uii ittt 111
xxviii © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

Chapter 8: Systems Engineering, Interoperability, and Technology Management

Figure 8.3-1 Architecture Reference for Cooperative and Intelligent Transportation VIEWs...........ccccccoociriirennn 122
Figure 8.3-2 Use of a Regional ITS Architecture in Transportation Planning............cccccooviiiiiiiiiiiii 123
Figure 8.4-1 ITS Architecture Relationships PLAanning.........ccooiiiiiiiiiiiiiiie e 124
Figure 8.5-1 Core Elements of 2 CONCePt Of OPEIAtIOTIS ... .iivviiiiiiiieiiieeiieeiee ettt 127
Figure 8.5-2 V-Model of the Systems ENngineering PrOCESS ........coiiiiiiiiiiiiiie i 128
Figure 8.5-3 Variation in Level of Detail in the Systems Engineering Process ..........ccccooeioviiiiiiiiiiiiiiii 130

Chapter 9: Organization and Workforce
Figure 9.3-1 Sample TSMO Position and Improvement Potential Based onthe CMM ........ccoooiiiiiiiiiiin 145
Chapter 10: Collaboration and Outreach

Figure 10.2-1 Systems Engineering V-Diagram Indicating Areas of Collaboration.............ccccooiiviiiiiiiiiiiii, 157
Figure 10.2-2 Examples of Opportunities to Coordinate TSMO in the Planning Process ..........ccccccoocvviiniiiiinienn. 159
Figure 10.2-3 Collaboration BENEIt ATEAS ... .c.ui ittt 160
Figure10.3-1 External Program-Level Outreach Example—Brochure .............ccccocooiiiiiiiiiiiii, 166
Figure 10.3-2 External Program-Level Outreach Example—YouTube Video ..........ccccoociiiiiiiiiiiiiii 167

Chapter 11: Culture and Leadership
None

Chapter 12: TSMO Capability Improvement, Guidance and Tools

Figure 12.2-1 Dimensions of TSMO Capability .........cooiiiiiiiii e 183
Figure 12.2-2 Levels Of TSIMO MatUTILEY......co.tiiiiiiiite oottt 184
Figure 12.3-1 CMM Self-Assessment EXAmPLe .......coooiiiiiiii i 186

PART D: Project Development

Chapter 13: Performance-Based Practical Design

Figure 13.2-1 Nominal vs. SUDSTANTIVe SAfOLY......c.uiiiiiiiiiiiii e 197
Figure 13.3-1 Relationship between Roadway Functional Classification, Mobility, and Access ........cccccevvvvriirnne. 198
Figure 13.3-2 Area CONtext EXAMPLES.......oiiiiiiiii e 199
Figure 13.3-3 Passenger Car EQUIVALEIIES ......c.ooiiiiiiiiiiiiii e 201
Figure 13.4-1 Relevance of Traffic Analysis Tool Categories with Respect to Study Area/Geographic Scope............ 204

Figure 13.4-2 Relevance of Traffic Analysis Tool Categories with Respect to Management Strategy
AN APPLICATIOTIS ..ttt ettt 205

Chapter 14: Performance Measures for Operational Improvements

None

Chapter 15: Linking TSMO to Capital Projects

Figure 15.1-1 Project DeVElODIMIEIIT STEPS .....iiiiiiiiiie ittt ettt ettt e e 226
Chapter 16: Procurement

None

Chapter 17: Project Funding

None

© 2023 by the American Association of State Highway and Transportation Officials. xxix
All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

PART E: Tactical Elements

Chapter 18: Overview of Tactical Elements

Figure 18.1-1 RecurITINg CONMGOSTION ..iiiiiiiiiiiiiiiieiiie ettt ettt et 270
Figure 18.1-2 Overhead Guide Sign with Travel Times on Highway..........ccccoooiiiiii 271
Figure18.2-1 Dynamic Speed Limit Sign in WOTK ZONe ........cciiiiiiiiiii e 271
Figure 18.3-1 TIVIC OPEIALIOTIS ....vviiiiie ittt ettt ettt ettt ettt et 273
Figure 18.3-2 Advance Warning of Stopped Traffic on Rural Freeway ...........cccooiiiiiiiiiiiiiiic 274

Chapter 19: Fundamental Elements of Situational Awareness, Communication, Decision Support, and Control

Figure 19.2-1 Daily Lane CloSUIe NOTICE ... ...iiiiiiiiie it 281
Figure 19.2-2 Lane CLOSUTE TWEETS ........ouiiiiiii ettt 282
Figure 19.2-3 Lane CLOSUIE DAtal........oouiiiiiii ittt 282
Figure 19.2-4 Seattle Area Traffic and CAmMeIas ... ..o.iiiiiiiiii oot 282
Figure 19.2-5 Dynamic Bicycle and Pedestrian Traveler Information Map ........ccoociiiiiiiiiiiiiiicicc 283
Figure 19.2-6 Travel TIme PCIMS ...ttt 283
Figure 19.2-7 Comparative Travel TIMe SII . ..coiiiiiiiiii i 284
Figure 19.2-8 Current Delay TIme SIZT1 .. .ccoiiiiiiiii e 284
Figure 19.2-9 End-of-Quete Warning SYSTEIM .......cciiiiiiiiii ittt 285

Chapter 20: Event Management Tactics

Figure 20.1-1 SOUTCES Of COM@ESTIONI. ... eiuiiiiiiiii ettt ettt 289
Figure 20.1-2 TNCIA@NE SCOIIE .....oiiiii ittt 201
Figure 20.1-3 Incident Management TIMeINe ........ccooiiiiiiiiiii e 296
Figure 20.2-1 Event Severity Related to Probability ...........oocoiiiiiiiiiiiiii 297
Figure 20.3-1 Typical RWIS Setup: Sensors and CamieIa ........oc.ooiioiiiiiieiieei ettt 303
Figure 20.3-2 Typical RWIS Setup: Data USES.........oouiiiiiiiiiie it 303
Figure 20.3-3 Hurricane Harvey FLOOINE ......c..oiiiiiiiiiii e 304
Figure 20.3-4 Idaho DOT Performance Measure Dashboard............cccooiiiiiiiiii 305
Figure 20.3-5 Minnesota DOT Performance Dashboard..............ccocoiiiiii e, 305
Figure 20.3-6 Missouri DOT Winter Storm Operations Performance Dashboard.............ccccociiiiiiii, 306
Figure 20.4-1 Nighttime Lane CLIOSULE ........ccuiiiiiiiiiiii i 307
Figure 20.4-2 TMP Development, Implementation, and ASSESSTIENT .......ccviiiiriiiiiiiie et 307
Figure 20.5-1 Planned Special Event CoOrdination.........ciiiiiiiiiiiiiie i 312

Chapter 21: Arterial Management

Figure 21.1-1 Good Basic Service Components of Traffic Signal Management Program..........cccccoceviiniiniiniinnn, 320
Figure 21.1-2 Elements of Traffic Signal Management Program.........ccoocooviiiiiiiiiii e 321
Figure 21.1-3 Goals, Context, Objectives, Strategies, and Tactics (GOST) Pyramid...........ccooioieiiiiiviiiiiiiiccece 322
Figure 21.2-1 Adaptive Signal Control IIUSTIAtION . .c.iiiiiiiiiiiii e 325
Figure 21.3-1 Contraflow Lanes 0N ATTETIal .. ....ooiiiiiiii e 327
Figure 21.3-2 5400 South Flex Lanes, Salt Lake City, UT ......ooiiiiiiiiiiiii e 328

Chapter 22: Freeway Management Tactics

Figure 22.1-1 Freeway Ramps with CONGESTION .....oviiiiiiiiiiii e 335

xxx © 2023 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

Figure 22.1-2 Example Ramp Metering Installation with Branding...........c.coccooiiiiiiiii 335
Figure 22.1-3 Ramp Meter SIINal ........cooiiiiiiii e 336
Figure 22.1-4 Dedicated Ramp for Toll EXPress Lame .......ooiiiiiiiiii it 339
Figure 22.1-5 Ramp Closure Warning Sign with Flashing Signals ..........ccccooiiiiiiiiii e, 342
Figure 22.2-1 Considerations and Criteria for Selecting Dynamic Junction Control .............ccoccoooiiiiiiiiiiiiiie. 343
Figure 22.2-2 Dynamic Junction Control Installation on SR-110, Los Angeles, CA........cccooiiiiiiiiiiiiiee, 343
Figure 22.2-3 Interchange with Merge Control in the Netherlands ...........ccoccoiiiiiiii 344
Figure 22.3-1 Contraflow Lane Reversal [llustration ona FTeeWaY.........ccooviiiiiiiiiiiiiiiii e 346
Figure 22.3-2 Movable Median Barrier for Contraflow Operations, Golden Gate Bridge, CA .......cccoooiviiiiiiinnenne. 347
Figure 22.3-3 Movable Barrier and Machine On H-1, Honolulu, HI, HDOT ... 348
Figure 22.3-4 Movable Barrier, Alex Fraser Bridge, Vancouver, BC, TranBC ...........ccoooiiiiiiiiiiccc 348
Figure 22.3-5 Cross Sections Before and After Contraflow Operation Installation, Alex Fraser Bridge,

VAN COUVET, B e e 349
Figure 22.3-6 Overhead Signals and Electronic Signage, Alex Fraser Bridge Contraflow Lane, Vancouver, BC,

A B e 349
Figure 22.3-7 Counterflow Indicator Signals, Alex Fraser Bridge Contraflow Lane, Vancouver, BC, TranBC ............ 349
Figure 22.4-1 Part-Time Shoulder Use IIUSTIatiON ... ...eiiiiiiiii ittt 351
Figure 22.5-1 Dynamic Lane Use Control IIIUSTTAtioN . ....ooviiiiiii i 354
Figure 22.6-1 Dynamic Speed Limits, Seattle, WA ... 356
Figure 22.7-1 Queue Warning IUSTTAtion .. ....oiiiiiii e 360
Figure 22.7-2 Queue Warning SIGI ... ...cooiiiiiiii e 360

Chapter 23: Freight Operations

Figure 23.1-1 Port 0f SAvannall .. ..o 368
Figure 23.1-2 POTt Of HOUSTOTL. ...ttt 369
Figure 23.2-1 Distribution of Industry Issue Prioritization SCOTES........oouiiiiiiiiiiiiiiiiet et 372
Figure 23.2-2 Truck Parking Availability SIZI.......oiiiiiiiiiii e 373
Figure 23.2-3 I-10 Corridor Coalition TPAS Truck Parking SiteS ........cccoviiiiiiiiiiiiiioi e 374
Figure 23.2-4 Driver Distribution of Preferred Distances for Receiving Truck Parking Information......................... 375
Figure 23.3-1 Examples of Speed Warning and Rest Area ALEItS .........oooiiiiiiiiiiiiiiiiii e 378
Figure 23.3-2 EXample Of Safety ALEIT .....ooiiii e 378
Figure 23.4-1 Dynamic Truck RESTIICTIONIS ...cuiiiiiiiii e 378
Figure 23.4-2 Overhead Dynamic SPeed SIGI......ouiiiiiiiiiiii e 378
Figure 23.5-1 TWO-TIUCK PLatOOTL ... .oouiiiiiiiiiiii e 382
Figure 23.5-2 PlatoOn TIUCKS .....ouiiiiiiiiii e 383

Chapter 24: Advanced Integrated Tactics

Figure 24.1-1 ATDM and the Trip Chain ..o e 389
Figure 24.1-2 The ATDM CYCLE......iiiiii ittt ettt 390
Figure 24.1-3 ATDM: Movement Toward Active Managing Operations.........c.cocovviiiiiiiiiiieeoieeeee e 390
Figure 24.1-4 Categories Of ATDIM ... ..ottt 391
Figure 24.2-1 Managed Motorways TOOl Chaill.........cocoiiiiiiii s 393

© 2023 by the American Association of State Highway and Transportation Officials. xxxi

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

Figure 24.2-2 M1 Managed Motorway, Melbourne, Australia..........cooioiiiiiiiiiiii e 393
Figure 24.2-3 M1 Managed MoOtOTWays SIZIIIIE ... .oouiiiiiiiiiiiie ittt 394
Figure 24.2-4 Smart 25 Project, DENVET, CO.....c.uiiiiiiiiiiii oot 395
Figure 24.3-1 US 75 Corridor Network, ICM Demonstration Site, Dallas, TX ..o 398
Figure 24.3-2 I-15 Corridor, ICM Demonstration Site, San Diego, CA ....ooiiiiiiiiii i 398
Figure 24.3-3 ICM Decision Support System Process, Dallas, TX .......ccooiiiiiiiiiiiiiiii e 399
Figure 24.4-1 [-680 EXPIeSS Lamle. ......oiiiiiiiiiiiiii e 401

Chapter 25: Active Demand and Parking Management Tactics

Figure 25.4-1 Carpool with Dynamic RiIdeSharing .........ccoocoiiiiiiiii e 407
Figure 25.5-1 Dynamic Routing Signage, GEeIMNANY ..........couiiiiiiiiiiiiiii ittt 411
Figure 25.7-1 Smart Parking Meters, San Francisco, CA ... 414

Chapter 26: Active Transportation Tactics

Figure 26.1-1 Bicycle Lane on SUITACe STTEET ........ooiiiiiiiii e 420
Figure 26.1-2 Road Diet Before (Left) and After (RIGht ) ......oociiiiiiiii e, 422
Figure 26.1-3 Crash Data Before and After a Right-Sizing Bicycle Lane Project on Deen Keeton Street

in Austin, Texas (San Jacinto Street to French Place Street)........oooovvoviiieiiiciecceeceeeeee e, 422
Figure 26.1-4 Parking Adjacent to Bicycle Lanes can be Accommodated .........ccooiviiiiiiiiiiiiiiiiceeee 423
Figure 26.1-5 Bike BOX DIAETAIIL 1...oiiiiiiiiiiiii ettt ettt 424
Figure 26.1-6 Green Pavement Improves Visibility of Bicycling Space in the Roadway for All Users..............c........ 424
Figure 26.2-1 Cycle Track, AUSHIL, TX ..o 425
Figure 26.2-2 Urban Bikeway Design GUIAE. ......ccoooiiiiiiiii i 426
Figure 26.2-3 Two-Stage TUIM QUEUE BOX ......couuiiiiiiiiii e 427
Figure 26.2-4 Bike Lane Installation on Barton Springs Road in Austin, TX ..o 428
Figure 26.3-1 Bike Share in AUSHIL, TX ..ot 429
Figure 26.4-1 RaiSed CTOSSWALK ......iiiiiiiiiii i 434
Figure 26.4-2 Pfluger Pedestrian BIIA@E ........ccviiiiiiiiiiiiieeee e 435
Figure 26.5-1 BiCycle EAUCATION ....ouviiuiiiiiiiiii ettt 437

Figure 26.5-2 Portland's Residential Smarttrips Program Provides Bicycle and Pedestrian Education and
Encouragement to People Who Have Recently Moved...........ccooiiiiiiiiiii 439

Chapter 27: Transit Tactics

Figure 27.1-1 Tactics for Improving Transit ReHability .........ccoooiiiiiiiiiiiiii e 446
Figure 27.1-2 Selection Matrix for Transit-Supportive Roadway Treatments ..........ccooviiviiiiiiiiiiiiieeeceee 447
Figure 27.1-3 Other Issues in Selecting Transit-Supportive Roadway Treatments .........ccoooeeviieiiiiiiieiieeiieee 448
Figure 27.1-4 Upstream Detection of Transit VERICLe .........cooiiiiiiiiii e 449
Figure 27.1-5 Types of Signal Timing Strategies Typically Employed for Transit Signal Priority...........cccccvernine. 450
Figure 27.2-1 IndyGORAPIA BUS STOP ...ttt 454
Figure 27.2-2 BRT Station in EUGENE, OR .....oiiiiiiiiiiii e 454
Figure 27.2-3 BRT in the Downtown Seattle Transit Tunnel over Light Rail Tracks...........cccooiviiiiiiiiiiie, 457
Figure 27.4-1 Skagit Transit, Washington STAte .........ociiiiiiiiii e 461
Figure 27.4-2 HouSton METROLIFE ......cviiiiiiiiiii e 462
Figure 27.5-1 Fulton Center in New YOTK, NY ...t 464
xxxii © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

Figure 27.5-2 Union Station Multimodal Transportation Center in Denver, Colorado..........cccoooviiiiiiiiiiiiniie 466
Figure 27.5-3 ARTICIN ANaheim, CA ..o et 466

Chapter 28: Tolling and Road Pricing

None

Chapter 29: Technology Trends

Figure 29.3-1 Sources of Traffic Data OVer the YEarS.......ocoiiiiiiiii it 491
Figure 29.5-1 Vehicle to Infrastructure COmMmMUNICATION ... .iuviiiiiiiiiiieiie et 497
Figure 29.5-2 Connected Vehicle Deployment ENVITONIMENT. ......cuiiiiiiiiiiiiiii it 499
Figure 29.6-1 Cooperative Adaptive CTuisSe COMEIOL . .. .ottt 502
Figure 29.6-2 CARMA Illustration of Cooperative Driving AUtOMAtION. .......ccviviiiiiiiiii et 503

Chapter 30: Industry Trends

Figure 30.3-1 SCOOEI SNAT® SEIVICE. ... i ittt 516
Figure 30.3-2 Areas of Public Policy and Regulation Associated with MoD ..........ccociiiiiiiiiiiii 519
Figure 30.3-3 MODIlIEY @S @ SEIVICE ....uiiiiiiiiiiieie ettt 520
Figure 30.3-4 MaaS TOPOLOZY ... ..veiiieiieiiet ettt 521
Figure 30.3-5 TriMet TriP PLANIET . ....oiiiiiiii et 521
Figure 30.3-6 Key Elements in Smart City INitiatiVes ........oociiiiiiii i 522
Figure 30.3-7 Vision Elements for USDOT Smart City Challenge ..........cccoooiiiiiiiiiiiiiii e 523
Figure 30.3-8 Gas Tax vs. Road Usage Charge COMPATISOTL ... .couviiiiiiiiiiiiie et 525
© 2023 by the American Association of State Highway and Transportation Officials. xxxiii

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

List of Tables
PART A: Introduction

Chapter 1: Transportation Operations Manual Introduction

None

PART B: TSMO Concepts and Context
Chapter 2: TSMO Concepts

Table 2.2-1  TSMO Element or Tactic by Problem and OUtCOME ........c.ooiiiiiiiiiiiiiiiiccece e 20
Table 2.2-2 TSMO TACtIC SYNEIZISITY ...ouiiiiiiiiiiitie ittt ettt ettt ettt 22
Table 2.3-1  TSMO Contexts and Sample CONSIAETAtIONS .......iouiiiiiiiiiiit ettt 23
Table 2.3-2  Example Drivers that Illustrate Typical TSMO Applications at the Corridor or Subarea Context ......... 24
Table2.6-1  Example Benefit-Cost Ratios 0f TSIMO TaCICS .....cviiiiiiiiiiiii et 28

Chapter 3: TSMO in the Transportation Agency Context

Table3.1-1  Agency Projects and Programs: Legacy vs. TSMO .......ooiiiiiiiiii i 35
Table3.2-1  Linking Typical Agency Goals to TSMO Objectives and Strategies..........cocovveriirierieiiiiieeeieeee 37

Chapter 4: Agency Readiness to Advance TSMO
None
Chapter 5: TSMO Program Planning

None

PART C: TSMO Program Development and Management
Chapter 6: Planning, Programming, and Funding for TSMO Tactics

Table 6.5-1 Example TSMO Benefit-Cost ANalysis TOOIS......c..ooiiiiiiiiiiiiiit e 84
Chapter 7: TSMO Performance Management

Table 7.3-1  Example Sets of Output and OUtCOME MEASUTES .........ooiuiiiiiiiiieiieeiie ettt 99
Table 7.4-1  TSMO Performance Measure AnalysisS RESOUTCES .........ccviiiiiiiiiiiiiie e, 105

Table7.8-1  Institutional Considerations for the TMC's Role in
Agency Performance ManageIment ........c.oiiiiiiiiiiiioe ettt 115

Chapter 8: Systems Engineering, Interoperability, and Technology Management
Table 8.6-1  Major Elements of a Systems Engineering Management Plan .............ccocciiiiiiiii 130

Chapter 9: Organization and Workforce

Table 9.2-1  TSMO Organizational MOdeLS .......ccooiiiiiiii e 139
Table 9.3-1  Traffic Engineering, Transportation Planning, and ITS Positions and Their Future Role

1N SUPPOTEING TSMO ...ttt ettt 143
Table 9.3-2 Regional and National TSMO Training RESOUTCES .......c.uiiiuiiiiiiiiiiecie e 147
Table 9.3-3 Key Elements of a TSMO Workforce Professional Development Plan............cccoooiiiiiiiiiiiiiiiiiii, 149
Table 9.3-4 Sample Workforce Development Plan..........c.oooiiiiiiiiiii e 149

Chapter 10: Collaboration and Outreach

Table10.2-1 Forms of Collaboration and EXamMPLes ........ccc.oiiiiiiiiiiiii e 161
Table10.2-2 Collaboration Challenges and Strategies to Overcome Them ..........cccciiiiiiiiiiiiiiii 162
xxxiv © 2023 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

Table10.2-3 Contract Arrangement Options with the Private Sector........ccooviiiiiiiiiii 164
Table10.3-1 Reasons to Conduct TSMO Outreach and Outreach AUdIiences ........ccoovoieioeooeeee e 165

Chapter 11: Culture and Leadership

Table11.3-1 Leadership Institutional Actions that Foster a TSMO Culture...........ccocooviiiiiiiiiiiiieee e, 177
Table11.3-2 Leadership Organizational Actions that Foster a TSMO Culture ...........ccocoociiiiiiiiiiiiie, 178
Table11.3-3 Leadership Procedural Actions that Foster a TSMO CUlture .........ccccoooiiiiiiiiiiiiiicee e, 179

Chapter 12: TSMO Capability Improvement, Guidance, and Tools
Table12.3-1 TSMO CMM Structure and CIIteIIa .......oooiiiiiiee oo 184

PART D: Project Development

Chapter 13: Performance-Based Practical Design

None

Chapter 14: Performance Measures for Operational Improvements

None

Chapter 15: Linking TSMO to Capital Projects

None

Chapter 16: Procurement

Table16.6-1 Example ITS Procurement PACKages.........oviiiiiiiiiii i 249
Chapter 17: Project Funding

None

PART E: Tactical Elements

Chapter 18: Overview of Tactical Elements

None

Chapter 19: Fundamental Elements of Situational Awareness, Communication, Decision Support, and Control
Table19.2-1  User Groups and Traveler Information NEedS..........ccoiviiiiiiiiiiiiiicii e 280

Chapter 20: Event Management Tactics

Table 20.1-1  TIM Components (AdaPted)..........ooviiiiiiioie oo 201
Table 20.1-2  TIM StaRENOIAGTS .. ...coviiiiiiiiie et 292
Table 20.1-3 National TIM Performance MEASUTES ...........ooiiiiiiiiiiiieeie ettt 295
Table 20.3-1 Road Weather Types and Impacts (Adapted) ........cooovoiiiiiiiiiiiiiec e 300

Chapter 21: Arterial Management

None

Chapter 22: Freeway Management Tactics

Table 22.1-1 The Netherlands: Results of Early Pilot Study on Interchange Merge Control ............cccoociiiiiiinnnn. 345
Chapter 23: Freight Operations

Table 23.2-1  Average Rankings of Truck Parking Notification Methods ...........ccocoooiiiiiiiiiii 374
Chapter 24: Advanced Integrated Tactics

None

© 2023 by the American Association of State Highway and Transportation Officials. xxxv
All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

Chapter 25: Active Demand and Parking Management Tactics
None

Chapter 26: Active Transportation Tactics

None

Chapter 27: Transit Tactics

None

Chapter 28: Tolling and Road Pricing

None

Chapter 29: Technology Trends
None
Chapter 30: Industry Trends

Table30.3-1 Next Generation of Traffic Management..........oooiiiiiiiiiiiii e 528

xxxvi © 2023 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



AASHTO Transportation Operations Manual, 1st Edition

Preface

Introduction

The Transportation Operations Manual, first edition (2023), commonly called the TOM, provides a holistic view
of transportation system management and operations (TSMO) and encompasses a broad range of topics and tactics
that exist within this discipline. Its ultimate goal is to serve as the authoritative source for developing, deploying,
and sustaining the operational capabilities and strategies necessary to preserve and optimize transportation system
performance. The Manual was created to actively guide transportation agencies as a resource they can utilize to define
and support their TSMO efforts.

23 U.S.C. § 101 defines TSMO as “integrated strategies to optimize the performance of existing infrastructure
through the implementation of multimodal and intermodal, cross-jurisdictional systems, services, and projects
designed to preserve capacity and improve security, safety, and reliability of the transportation system.” According to
the Federal Highway Administration (FHWA) Office of Operations’ Enhancing Transportation: Connecting TSMO and
Planning (2018), TSMO allows “agencies to target the underlying operational causes of congestion and unreliable travel
through innovative solutions that typically cost less and are quicker to implement than adding capacity. TSMO expands
the range of mobility choices available to system users, including shared mobility and nonmotorized options.”

Development and Intended Value

The idea of a transportation operations manual began to coalesce in 2015. The second Strategic Highway Research
Program (SHRP2; 2006-2015) conducted several research projects to establish a taxonomy of TSMO strategies, technol-
ogies, and services. These collective efforts enhanced the management of an agency’s road infrastructure assets while
reminding transportation professionals of how complex but worthy and achievable the challenge was to ensure the
safety and mobility of the traveling public and the goods and services they benefited from.

AASHTO’s Committee on Transportation System Operations (CTSO; previously known as the Subcommittee on
Systems Operations and Management) continued to advance the study of TSMO. The Committee strategically framed
the purpose of TSMO by convening practitioners and leading TSMO experts to discuss, prioritize, and capture the
practices state and local agencies were developing under the emerging TSMO mantra.

The National Operations Center of Excellence (NOCoE), the brainchild of AASHTO, ITE, and ITS Americain
partnership with the Federal Highway Administration, helped to further champion and mature TSMO through story-
telling and compiling of TSMO practices and impacts. Thus, the TOM is not state DOT-centric, but rather speaks to the
innovations taking place across the entire TSMO community—public and private, state and local.

The original project proposal led to approval for National Cooperative Highway Research Program (NCHRP)
funding in 2018 with the objective “to research, outline, and begin writing an Operations Manual that would inform,
guide, and organically reflect and mainstream TSMO practices.” AASHTO believes the first edition of the TOM has lived
up to its charge. The Manual's authors and TSMO-practitioner reviewers have produced a multi-chapter electronic first
edition. This living document will now serve as the common denominator for TSMO professionals to discuss, elabo-
rate, share, apply, evaluate, and improve what their work is all about.

How to Use the TOM

The TOM is more than a one-time product. It offers a framework for transportation leaders and practitioners to
enhance safety and mobility, and it can play a key role within surface transportation for the TSMO community. The
Manual complements the transportation sector’s family of guidance resources, and it can serve as an authoritative
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companion to AASHTO's Green Book (A Policy on Geometric Design of Highways and Streets), AASHTO'’s Highway
Safety Manual, TRB's Highway Capacity Manual, FHWA's Manual on Uniform Traffic Control Devices (MUTCD), and
other accepted industry guidance manuals.

The TOM serves as a single reference for all elements of TSMO—strategic, programmatic, and tactical. Previous
practice relied on numerous, often disparate sources and procedures, which were developed by various agencies
and organizations independently of one another. Many references were singular in nature or fragmented in ap-
proach and did not span the entire breadth of TSMO functions. This Manual provides agencies and their partners
asingle, organized, and aligned resource to help them gain knowledge and familiarity with generally accepted
operational improvements and provides a platform to further engage the industry in developing appropriate future
applications. The TOM is both a document unto itself and a source of links to recommended supplemental mate-
rials that represent another level of detail into the state of practice for specific application areas. In sum, the TOM
expands current practice through a more cohesive approach.

The TOM is intended to serve as a comprehensive reference manual but is not intended to be prescriptive in
nature or supersede the judgment and decision making of TSMO professionals, informed by their own unique
settings.

Governance and Future Editions

Recognizing the complexity of the transportation system and the evolving capabilities necessary for effective
management, this first version is intentionally broad, an initial step in a continuing process of guidance develop-
ment, expansion, and detailing. Like other AASHTO manuals, a technical committee will oversee revisions to the
TOM to ensure the Manual will be a living document.

A new committee, the Transportation Operations Manual Technical Committee (TOM TC), has been organized
under the CTSO Steering Committee with relationships to other relevant AASHTO committees and partner orga-
nizations. This committee has been established to guide and oversee future updates to this Manual. The Technical
Committee will identify and consider new effective practices and oversee the development and documentation of
additional key concepts, content, and references in this single, formally recognized source. For example, it is antic-
ipated that the industry and technology trends section of the Manual will continue to evolve with advancements in
technology and industry capabilities. These are not technologies for their own sake; they reflect the diligence of the
TSMO community to establish use cases and evaluative tools to ensure their effective application and viable impact.

Finally, the Manual—by synthesizing an array of operational tactics that have evolved over time—identifies
how important it is that areas like freight operations, public transit, and other dimensions of surface transportation
be more front-of-mind in organizing and integrating TSMO priorities and practices. The TOM is an important
starting point, and future editions will benefit from this more coordinated approach.

It is hoped that this first edition will serve as a basis for future revisions that reflect the needs of the TSMO
community as their needs change and evolve. To accomplish this, TSMO professionals around the country are
encouraged to communicate with AASHTO and the TOM Technical Committee to offer feedback. What is useful?
What should future editions correct or add? Are there ways to better navigate the document as a useful tool among
practitioners? How can the TOM stay current to embrace emerging and best practices to help address the challenges
of the future?
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