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Today’s Learning Objectives

Purpose: To demonstrate the incorporation of travel time reliability
Into micro- and meso-simulation models and other model systems.
The models include first-generation software that potentially can be
Integrated into many simulation packages in order to address travel
time reliability.

Learning Objectives: At the end of this webinar, participants will be
able to:

 |dentify opportunities to incorporate travel time reliability into micro-
and meso-simulation models and the integration demand and
network models;

 Integrate first generation software to explicitly address travel time
reliability; and

 |dentify realistic reliability performance measures for travel time
reliability.



PDH Certificate Information

e This webinar is valued at 1.5 Professional
Development Hours (PDH).

e Instructions on retrieving your certificate will be
found in your webinar reminder and follow-up
emails.

 You must register and attend as an individual to
receive a PDH certificate.

 TRB will report your hours within one week.

 Questions? Contact Reggie Gillum at
RGillum@nas.edu
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Panelist Presentations

http://onlinepubs.trb.org/onlinepubs/webinars/140916.pdf

After the webinar, you will also receive a
follow-up email containing a link to the
recording


http://onlinepubs.trb.org/onlinepubs/webinars/140916.pdf

Today’s Panelists and Moderator

« Hani Mahmassani, Northwestern University
masmah@northwestern.edu

 Peter Vovsha, Parsons Brinckerhoff
vovsha@pbworld.com

* Yannis Stogios, Parsons Corporation
Yannis.Stogios@parsons.com

 John Halkias, Federal Highway Administration
John.Halkias@dot.gov

e Bill Hyman, Transportation Research Board
whyman@nas.edu



mailto:masmah@northwestern.edu
mailto:vovsha@pbworld.com
mailto:Yannis.Stogios@parsons.com
mailto:John.Halkias@dot.gov
mailto:whyman@nas.edu
mailto:mhardy@aashto.org

L04 Project Report and Guide

* The prepub report is available here:
http://www.trb.org/Main/Blurbs/170716.aspx

* The prepub guide is available here:
http://www.trb.org/Main/Blurbs/170717.aspx
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— $232 million, federally funded research program to address
critical transportation challenges

« Making highways safer Save fjyes s
» Fixing deteriorating infrastructure Save,,,o,,ey
. . . / ;"
Reducing congestion Save i, &
Managed by TRB of the National Academies tj

Collaborative effort of TRB, AASHTO, and FHWA
Originally operates from 2006 to 2013 — extended to 2015

Aims to advance innovative ways to plan, renew, operate,
and improve safety on the Nation's highways



FOUR RESEARCH

FOCUS AREAS

Safety: to prevent or reduce the severity of highway
crashes by understanding driving behavior.

Renewal: to renew aging infrastructure through rapid

design and construction methods that minimize disruption
and produce long-lived facilities.

Capacity: to integrate mobility, economic, environmental,
and community needs into the planning and design of new
highway capacity.

Reliability .... How travel time varies over time.......




Joje

All affect

Renewal | n Reliability Capacity




RELATION OF CAPACITY, SN iR
AND-RELIABILITY RESEARCHES> _

Capacity Research
Tackles recurring congestion

$

CONGESTION

1

=

Reliablility Research

Tackles nonrecurring congestion




enting and

”

“To provide reliab
reducin stion

*j.e., reduce the variability of travel time through reducing the underlying
causes



The Reliability Focus Area research has attributed variability in

travel time to seven primary causes

No s WwNE

Incidents

Weather

Work zones

Fluctuations in demand
Special events

Traffic control devices
Inadequate base capacity




Probability

Past focus only on
Average Travel Time

Now focus is also on
Variability/Reliability

AVG

Travel Time



SHRP 2 LO4

OVERVIEW

e Objective
e Highlights

Determined how travel
demand forecasting models
can use reliability measures
to produce revised
estimates of travel patterns

Developed a Scenario
Manager and a vehicle
Trajectory Processor to
incorporate reliability
metrics in traffic simulation
and planning models.

/Demand Variation \

- Special events
[Day-o-day vaniation

In individual behavior
-Visitors

Llosure of alternative
modes

/Sugply Variation \

Travel Demand Network Capacity
- Statie - Deterministic Inciderts
- Dynamic - Stochastic Work z0n6s
- Activity schedule - Adapive Veather
\/ -Variation in
indwvidual driver
Simulation Model behavior
- Microscopic ) Trafﬂc_oontlrr_Jl
-Mesoseopi -Dynamic pricing
- Macroscopic \ /
Outout Measure of Reliability \
P - Travel tme distribution
-Indviduallevel |\ Probabilty of certan delay
-Aggregated - Reliabilty proxies
\ J




Upcoming Webinars

September 30 — TRB’s SHRP 2 Tuesdays Webinar: Techniques to Fingerprint
Construction Materials in the Field (RO6B)

SHRP2 Tuesdays

Learn about future webinars at
www.TRB.org/SHRP2/webinars
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Presentation Components

* Project Overview (Yannis Stogios — Parsons Corp.)

— Key Objectives, Major Achievements and Products for Immediate
Distribution & Use

e Travel Time Reliability Measures in Traffic Simulation
Models (Hani Mahmassani — Northwestern University)

— Concept Development, Analytical Framework, and Key Tools
(Scenario Manager & Trajectory Processor)

e Travel Time Reliability Measures in Travel Demand
Models (Peter Vovsha — Parsons Brinckerhoff)
— Concepts & Opportunities for Further Exploration and Application



How the L0O4 fits within the SHRP 2

Reliability Focus Area

* Overall goal to reduce unexpected congestion and
Improve travel time reliability

 Numerous technical measures and policies identified and
developed within SHRP 2 research projects to confront
the problems of traffic congestion and devise means to
iImprove reliability

* LO4 to improve planning and operations models in order
to create suitable tools for the evaluation of projects and
policies that are expected to improve reliability



Main Objectives

» develop the capability to produce measures of reliability
performance from traffic simulation models and planning
models

o examine how travel demand forecasting models can use
reliability measures to produce revised estimates of travel
patterns

Overall intent of LO4 to close the gap in the underlying
conceptual foundations of travel modeling and traffic simulation,
and provide practical means of generating realistic reliability
measures using network simulation models




Key Achievements

« addressed the need for a comprehensive and
conceptually coherent set of methodologies to
— better characterize reliability;
— assess its impacts on users and the system; and
— determine the effectiveness and value of counter measures.

» developed a unifying framework for reliability analysis
based on venhicle travel trajectories

o identified multi-level reliability performance measures

e produced analytical tools readily available for application
and practical use



A Unifying, Practical Framework for

Reliability Analysis

| Average Demand |<— pihi

« Exogenous and endogenous ~ [EEEmmEN

'Weather, Incident -
i :—->| External Event Scenarios |

sources of travel time variability Tz

EXOGENOUS | signal control, 3 . .
SOURCES \Pricing, VMS : ->| Traffic Control Scenarios '4 "7

¢ S Ce n arl O - b aS e d an alyS I S ErI;éiji;{a-é;’:g;;;i-;{iéﬁ-‘:i— —>| Travel Demalnd Scenarios |<— 1-1

 Trajectory data processing to Vs |
generate travel time distributions e -

and reliability performance e N N E—

ENDOGENOUS !Collision/Incident, | M e Traffi
SOURCES 'Heterogeneous r~->| Mesoscopic Traffic

m eas u reS (driving behaviors, i Simulation Models

» Potential feedback to travel :
demand and scenario generation = s /

’ Different scenarios Travel Times

/N J

1

1

1

1

}

1
| | |
31 s Travel Time |
- 1 N Distribution ~  f--~----!
Travel Time Reliability Measure




Model & Data Requirements

 Network simulation models

— particle-based microsimulation or
mesosimulation models that produce ;j

: T AT
: B

vehicle travel trajectories - §l«;§a 5
e General data requirements
— exogenous sources of travel time T
variation LANE Sl 8 B
% f Bt
* Vehicle trajectory data B e

— standard GPS-type data for individual 7 & ==

vehicles (time/location stamp) f _
- il :".ﬁ F e En:h 1

Lim Gty oy
I i 1 oo - U e 2 7] ntge - T of (v Mgt 4 g o



Key Add-On Modeling Tools

e Scenario Manager

— a pre-processor of simulation input files - - - -
for capturing external sources of travel ~— ===
time variation and unreliability (such a:
special events, adverse weather, and
work zones)

\°X)

[
Maragn Seimori

- [ = e

e Trajectory Processor

— a post-processor that produces and
helps visualize reliability performance o
measures (e.g., travel time distributions, < g [ = 5
reliability descriptors) from observed or J.. o
simulated trajectories | o =

I
§
Lk
28




Demonstration Case

 New York Metropolitan Region

* Three levels of modeling = T
— Regional activity-based model (Best /. T
Practices Model —-BPM) K7 57/ Ox
— Regional mesoscopic DTAmodel- 4 G S i
(Dynasmart) > e N e
— Manhattan microsimulation model (Almsun) s e SN
P "n\l; AN
e Travel Trajectory Data (TomTom PND) 2R
gim

e Scenario Manager & Trajectory
Processor application testing

« Multi-level reliability performance
measures (network, O-D, path/segment/llnk)




Potential Use of LO4 Products

* Researchers
— pursuing the next frontier in reliability
analysis

e Transportation Agencies & Operators
— Incorporating the value of reliability in
planning and decision making

* Other Practitioners
— using current models and data sources to
improve and enrich their work

 Modeling Software Vendors
— developing, enhancing and integrating
reliability tools in their offerings




Key Success Factors

» Greater awareness of the importance of reliability
analysis for major planning and operations projects

e Scenario-based analysis as the primary, default approach
for conducting reliability evaluations

» Better appreciation and recognition of the entire
distribution of travel time, rather than simply mean values

 Utilities/tools to manage the generation of scenarios and
analyze model output to obtain travel time distributions
and reliability descriptors
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Project Deliverables & Product

« Main LO4 Report | .

* Application Guidelines oo Py el
o Software / tool prototypes
— Scenario Manager

— Trajectory Processor L gr—

» Reference Material

All readily available for broader
distribution and use
(through TRB - SHRP 2)

http://www.trb.org/Main/Blurbs/170716.aspx
http://www.trb.org/Main/Blurbs/170717.aspx
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Methodological Framework Summary

Reliability-integrated
Simulation model
(meso, micro)

-Heterogeneity in Route Choice and
User Responses to Information and
Control Measures

-Heterogeneity in vehicle type

Exogenous Scenario manager
SOurces Demand Supply
Input -Special events -Incidents
-Day-to-day variation -Work zones
-Visitors -Adverse weather
-Closure of alternative modes
Endogenous  Improvements to existing simulation tools
SOources Demand Supply

-Flow breakdown and incidents
-Heterogeneity in car following behavior
-Traffic control

-Dynamic pricing

Performance

measures
Output

\ehicle trajectory processor

Travel time distribution
Reliability performance indicators

User-centric reliability measures




[ Introduction J

Traffic Simulation Models :

Capture Sources of
Unreliability

= Scenario Manager

Construct scenarios with
various combinations of
external events, demand,
supply and traffic control
elements.

Construct “What-if”
scenarios using Monte
Carlo sampling.

= Trajectory Processor

Extract reliability-related
measures from the
vehicle trajectory output
of the simulation models.

TRAJECTORY PROCESSOR
Different

Normal
conditions j

Vo

\\ behaviors, etc. /

Average Demand K-
SCENARIO MANAGER
I ——— - v
I’Special events \\—y \
, Mode closure —————»| Demand-side Scenarios [<---}---
! Day-to-day variation ———»
| | v
: Weather - >
| Workzone —:—: Supply-side Scenarios  |<---
1 Incidents | <
| | !
'\ Traffic control ——+————»|  Network Operation P
\ Dynamic pricing 7—> Scenarios
~
\Seoope- J
I A 4
\ 4 Scenario-based
Exogenous input files
Sources ¢
Simulation
s T T -
s - Flow breakdown N
Endogenous | - Accident/Incident I
Sources © T[1 - Heterogeneous driving |

scenarios

Scenario-specific
travel times

Travel Time

v

- Travel time distribution
- Reliability measure




[ Scenario-based Reliability Analysis J

Capture travel time variability by simulating multiple likely scenarios
that reflect various exogenous sources of uncertainties in the road
network.

Int;ns:ty Space
) 1 fix|s,)
Scenario 1
Acci-
S
1 dent
i S\Pr(S;)
N Tlme (tlme of day) Travel Tlme X
Intensity
. Space fix)
Scenario 2 P 1 fix1s,) oris)
2
52 Ball game ! E _— /\
. Tlme (tlme of day) - TI’GVB/ Tlme X Travel Time X
/\/ Space
ntensity A f(xl S )
1 N
Scenario N - Pr(Sy)
Work-zone
- ‘ /\
Time (time-of- day) Travel Time X



[ Scenario-based Reliability Analysis J

Capture travel time variability by simulating multiple likely scenarios
that reflect various exogenous sources of uncertainties in the road

network.

Scenario 1
51

Scenario 2
52

Scenario N
SN

l
ntfnSIty Space

N Time (time-of- day)
Intensity
Space

Time (time-of-day)

1 fix1S,)
AN
dent

Travel Time X

Travel Time X

Pr(S;)

fix)

Travel Time X

f(xlsz)
Pr(S,)
A G AN

(Scenario Manager)

(Simulation model)

A Space
Intensity
A fix| Sn) Pr(s,)
Work-zone
Accident ' /\
Time (time-of- day) Travel Time X
Scenario Generation Traffic Simulation Travel Time Distribution

(Trajectory Professor)

=




Scenario Manager

Main Role: Construct scenarios that entail any mutually
consistent combination of external events, demand, supply and
traffic control elements of the simulation model

Spatial
Boundary

-

o Forrtbe & Brony ) I
& 4 I o

Temporal
Boundary

e.g.,
Jan-May 2010,
6-11AM, Mon-Fri

Scenario 1
-
Input Scenario 2
e.g.,
Incident Data,
Weather Data, Scenario 3
Historical Demand
Pattern, Traffic
Control Logic, etc.
Scenario N




Scenario Manager )

Application Main Functionalities

= Scenario Generation
* Populated with historical weather and incident data

e Automatic estimation of parameters for event properties(e.g.,
frequency, duration, intensity, etc.) for selected time and space

* Generate scenarios considering dependencies between scenario
components (e.g., weather-dependent incident rate)

* Provides software-specific scenario files and the associated
scenario probabilities

¥ Scenario Manager
= Lgens (0] (@ @) (@) @] (2] @ (= () A

Pew

o @ g Laen
S B e

= Scenario Management
e Store generated scenarios

21 3] s

e Easy retrieval of historically
occurring scenarios




Scenario Manager

)

Step 1) Load Network and Input Data
Step 2) Define Time and Space Domains

4

Scenario Manager
Main Window

Scenarios [nput |OLrtert|

Time Filter
Date Range : From

Extent : 40.781025000.-74.010536000  40.728353000.-73.949673000
{-----------------

I Day of Week : [7] Mon ] Tue [¥] Wed [¥] Thu [¥] Fi

I [7] &t [¥] Sun

I Hr Min Hr Min
‘TlmeofDEw Fom 0 0 To 233 59 12
———— e
Wesather Data

() Database @ Text File (csv)

\
5 12000 @~ | To |6/ 122010 @~ :
|
i
1
J

Incident | wlork Z:-rsl Special E‘;srtl Weatherl
Map Selection Legend
Network Layer : dyna_ryc_sub + | Selected Links 1120 ) B £F |Map Layers
Datalayer:  evenl_incident_samp v (Selected Obs. - 245 ) B [¥] selectionPatygon

Load Network and Input Data
- Network: links and link properties

- Historical event data: weather,
incidents, work-zone, special events

Heavy

Set Temporal Boundary

- Date range
- Day of week
- Time of Day

wn

0.000000

Set Spatial Boundary

87 35.265015 155

0.000000

= WeatherStstions

= avent_incidant_sampl

= dyna_nyc_sub

@ | @& Q) [ |

| o

() (sea] | (] () (@)

Scenario Manager Application

\----------------------------_

o

L ]

D ion Facility Direction Start Time EndTime Latitude Longitude ol
Delays Lincoln Tunne! West 5/5/201017:35  |5/5/201018:.06 | 40.760337 -74.00352 [ |
Delays Lincoln Tunne! West 5/10/201018:12 | 5/10/2010 20:06 | 40.760627 -74.003338
Delays Lincoln Tunne! West 51220101751 |512/201020:11 | 40.760527 -74.003338
Delays Lincoln Tunne! West 512/201017:52 | 5/12/201020:13 | 40.760337 -74.00352

I

3



Scenario Manager J

Step 3) Estimate Input Parameters from Historical Data

¥ Scenario Manager
Main Window

SDfanariDs [z | Outputl Scenario Manager Application
Incident |".‘.-':-rk Z:-rsl Special E‘;srtl Weatherl Selectby Seloct by
= g - - = ect ect 3

Map Seection Legend | | R (8] | Favem | G @&

Network Layer : dyna_ryc_sub + | Selected Links 1120 ) B £F |Map Layers

DataLayer:  event_incident_samp v (Selected Obs. : 245 B [¥] sekectionPolygon

Bdent:  40.781023000-74.010535000 40.728353000,-73 349673000 O [7] weathersiations

n

Time Fils

me Fier = [¥] avent_incidant_samg

Date Range : Fom | 5 1/20010 E~ | To | & 1/2010 [E~

Day of Week : Mon Tue Wed Thu Fri = dyna_nyc_sub

Sat Sun I
Hr Min Hr Min

Time of Day Fom [0 [0 £ To (83 |99 (£

Wesather Data

() Database @ Text File (csv)

Couns vrvm i o co\SHRP2L04_ [ .. | [ Userdefined Evert...
+ O Gaph © Toble

‘-----------------\
Data Analysis Resulis

Other 223 0.000844 5.853230 41650 I
Rain 22 0.001549 10.736938 240 I
Light 16 5.429352 1855 I
Moderate 1 4753111 230 I
Heawvy 5 35.265015 155
Snow 0 0.000000 0

Light
Moderate

EIR=I=]

I
= | : Estimate input parameters for scenario generation
o et a2 S from historical data extracted for specified time
Incident Rate : Number of Incidents per Milion Vehicle Miles Travelled (VMT) ' and Space domains
- Weather frequency for different types and intensities
T - Incident frequency considering dependency on weather
(.e., weather-conditional incident rates)

\-----------------/

O

Build Scenario




Scenario Manager )

Step 4) Launch Scenario Generation Tool

¥ Scenario Manager
Main Window

Scenarios Input | Output]
Incident |\'\a'ork Zonel Special E‘.'entl Weaﬁ'ierl

Map Selection I'M

Scenario Manager Application

des, () (] | (] () (@)

Network Layer - m ( [ Scenario Builder ==
N Scenario Components © Project Name : TestProject
Data Layer : event_incident_samp + { P
Gone Weabor Inert Plamod S Evrt TicMarogomenlContl Dorand.
Bdert:  40.781029000.-74.010536000 Scenario Date :
Scenario Start Time :From 6 00 (hour of day : 010 23)
Time Filter
DateRange:  From | 5 1/2010 [ Seanro Durzien ' (feur)
Day of Week : @] Mon [&] Tue ¥ W
Sat Sun
Hr Mir
ety o 020 ]
Wesather Data
(7) Database @) Text File (csv)
Chena i i « convSHRP2L04 |
Scenano Generation
- (:‘\ Graph @ Table Number of Seenarios = 100
. Generate =
Data Analysis Resulls
Dﬂﬂer! 223! % ¥ Summary (£instances for each event process) © ¥ Scenario Detail : [ Chart |
Rain 22 0.001549
Light 16 D.DI]136{|
Moderate 1 0.000634
Heavy 5 0.0050834
Snow 0 0.000000
Light e Tatal 0 scenarios are (Al ) Selected () Random |T
 Moderate.
Heavy
Table Name :  Fiteredincidents
Type Description Facility Direction Start Time: EndTime Latitude Longitude o
LI Delays Lincoln Tunnel West 5/5/2010 17:35 5/5/2010 18:06 40.760337 -74.00352 D
2 | Incident Delays Lincoln Tunnel West 5/10/201018:12  |5/10/2010 20:06 | 40.760527 -74.003338
3 | Incident Delays Lincoln Tunnel West 512201751 |5/12/2010 20:11 | 40.760527 -74.003338
f ) 4 | Incident Delays Lincoln Tunnel ~ West 512/201017:52 | 5/12/201020:13 | 40.760337 7400352 A
~ -_— ey - < m ) 3
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Scenario Manager ]

Step 5) Parameter Settings for Scenario Generation

¥ Scenario Builder

Project Mame . TestProj
’

N
]

il \Weather \eather
.. g &8 &8 &8 B _§ N N §N § § N N § § | L 5 B _ B _ &8 B B _&B & B §B _§B § §B §N |
[*eather] Component Name :  Weather

() Fixed Scenario
(1 Historical Scenarios
/@ Random Scenarios

I Precipitation Type : [ Random - IPrecipitation Intensity \Random |

Import Data -

StartTir  EndTim¢ Duratior PrecTyp Preclnte AwgVisit NewFre
411/2070 | 4/6/2010 | 7644 0 917900 [O]
£/6/2070 | 4/6/2010|5 Ra Light & [¥]
£/6/2070 | 4/972010 | 3520 0 563595 [
o 4972070 14/92010 |15 Ra Light 10 [¥]
Mumber of Scenanos - 10 492070 14/92010|5 EI. 10 E

Generate
Sceraro Lt (SeeRREGR

1Summary (Finstances for each event process) - 15cenario Detail :

= Taotal 0 scenarios are generated. Al () Selected (O) Random | 5 | Export

Ready
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Scenario Manager )

Step 6) Generate Scenarios

¥ Scenario Builder

F
) senaric e == =

Seenario Components - Project Name . TestProject
4 || Weather .

& Weather General Weather Incident WorkZone  Planned Special Event  Traffic Management & Conrol  Demand
4 ] Incident Scenario Date 12262012

i Accidentt

+ 1 Dererd Sevnro SerTine_ __ :From 5 _00 (ourofdey 01029
il Demand Random Variation l" =

Scenario Duration 3 (hours) ]

L L L T ---------,

N N I B BN S B B B S e .
Scenano Generation
MNumber of Scenanos : 100

T T
Scenario Lt (SearaB GHalE!
1Summary (#instances for each event process) - 15cenario Detail -

ScenlD  Select  Weather Acciden Deman Count ScenlD EwventlD EventType EventName StartTime EndTime
1 3 1 - ‘wWeather | \Weather 02/16/13 06:00:00 AM | 02/16/13 0710
‘weather | \wWeather 021613 07:10:00 AM | 02116113 12:05;
Incident | Accident] 02/16/13 06:18:00 AM | 02/16/13 10:00:
Incident | Accident] 0216113 06:47:10 AM | 02/16/13 07:05;
Incident | Accident] 0216/13 08:20:10 AM | 02/16/13 12:32:
Demand | Demand Random Vanation | 02/16/13 06:00:00 AM | 02/16/13 03:00:

s

| al ol al === =]
| en| | | b Gof | G (REE

EEEEEEEEEE

| 3

= Total 100 scenarios are generated. Al () Selected () Random | 5 Export
Ready
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[ Scenario Manager J

Step 6) Generate Scenarios

¥ Scenario Builder

[
m Scenario Builder . % S E‘&Iﬂ
Seenario Components - Project Name . TestProject
4 || Weather ;
@ Weather General Weather Incident WorkZone  Planned Special Event  Traffic Management & Control  Demand
4 [ Incident cenario Date 1226120012
i Accident '
4 | Demand Scenario Start Time From & :00 (hourcofday;0to23)
il Demand Randem Variation
Scenario Duration 3 (hours)

= Event details for each scenario

61
| [ |

Scenano Generation
MNumber of Scenanos : 100
Scenaro st (SoRnABGIoMR)
ScenlD  Select  Weather Acciden Dema??nt ScenlD EventlD EventType EventName StartTime EndTime
b2 =1 3 1 - I |52 ‘wWeather | \Weather 02/16/13 06:00:00 AM | 02/16/13 0710
I [52 ‘weather | \wWeather 021613 07:10:00 AM | 02116113 12:05;
. 54 ] 3 53 Incident Accident] 02/16/13 06:18:00 AM | 02/16/13 10:00:
LISt Of FR ] 3 53 Incident Accident] 0211613 06:47:10 AM | 02116713 07:05;
56 T E] I |53 Incident Accident] 0216/13 08:20:10 AM | 02/16/13 12:32:
generated BT O] 7 (WE Demand | Demand Random Variation | 02/16/13 06:00:00 AM | 02/16/13 09:00:
scenarios > - .
] 5
= &

= Total 100 scenarios are generated. 1Al () Selected () Random | B

Ready
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Scenario Manager ]

Step 6) Generate Scenarios

¥ Scenario Builder
|

F
[ scenario i ____/ Scenario Viewer

sl Project Name [T Scenario Viewer (Scenario ID : 53)
a4 || Weather - 8
- \Weather General Weather
4 | Incdent g fio Date — —
il Accidentl Light Rain
4 || Demand Scenanio Start Time
il Demand Randem Variation
Scenario Duration
Accident1
Scenano Generation
MNumber of Scenanos : 100
Demand Random Variation
Sceraro st Ssna Giale!
1Summary (#instances for each event process) - ISoenajqﬂﬁi
ScenlD  Select  Weather Acciden Dema nt Scenll :
52 RINE 3 1 ~ 1 : 07:30
1 I Time
. 54 [l 1 3 1 1
List of 5 EERE 3 i i
56 ] 1 El 1 11 Acodent] 021613 08:20:10 AM | 0216713 1232
generated BT K 7 1 = G Demand | Demand Random Variation| 0216712 06.00:00 AM 02716713 0900,
scenarios > I I I Event details for each scenario
(€., 100 daly B S ther, incidents, demand level
scenarios) ] - (weather, incidents, demand level)
| 1 | » 4 m | ¥
= Total 100 scenarios are generated. () Al ) Selected () Random | 5 Export
Ready
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Scenario Manager )

Step 7) Compute Scenario Probabilities

Example of Scenario Groups

= Scenario Manager provides the ability to
define Scenario Groups and compute
the probability of each scenario group.

Marginal Probability

Scenario
Groups

Accident

No Accident

Probability

Clear

P=0.610

P=0.242

P(CL)=0.85

Rain

P=0.072

P=0.023

P(RA)=0.10

Snow

P=0.049

P=0.004

P(SN)=0.05

P(Acc)=0.73

P(NoAcc)=0.27

1.00

Step 8) Export Scenarios

 Data  Review  View  Acobat  Tea

| N id
[ 277 vome | imen  pagetayout Fomuas
& . General - [FConditional Formatting ~  Z=Insert -  E - |
. mj :WJ. = ”un &‘AA : ::;!;L ; 1§ - % v | I rormatasTable I Detete - | (3]~ ?ﬂiﬁ
J’ | |48 %) Cell Styles .ZJ omat~ || (2~
= Export generated scenarios to a e i
. K13 = L_ﬁlss
general format (e.g., TXT or CSV file) B e e T L,
Yy 1 Count SceniD EventiD EventTypsEventNamStartTime  EndTime Latitude  Longitude StartTime EndTimeh Duration State |
2 1 1 1 Weather Weather  5/1/20126:00 5/2/201218:15 o 275 275 clea
. 3] 2 2 1 Weather Weather 5/2/20126:00  5/4/20123:55 o 2755 2755 Clea
4 3 3 1 Weather Weather 5/3/20126:00  5/3/20126:05 0 5 5 Mod|
un EXpO rt g e ne rated Sce narlos to 5| 3 3 2 Weather Weather 5/3/20126:05  5/3/20126:40 s 40 35 Ligh
6| 3 3 3 Weather Weather  5/3/20126:40  5/3/20126:45 a0 as 5 Cles
=g - . 7 3 3 4 Weather Weather 5/3/20126:45  5/3/2012 6:55 a5 55
SOftWare_Spelel C I n put fl |eS (e g 8 3 3 5 Weather Weather  5/3/20126:55 5/3/201210:25 55
I 9 3 3 G lncident Accidentl 5/3/20127:51 5/3/201211:03 40.76233 -73.9308
. . . 10| 4 4 1 Weather Weather  5/4/20)
n) 5 ] 1 Weather Weather  5/5/20
Or Imsun Input I es 12| s 5 2Incident Accidentl 5/5/20
13 s 5 3 Incident Accidentl 5/5/20 -
14 s 5 4lncident Accidentl 5/5/20) —
15 6 6 1 Weather Weather  5/6/20 Organize = Include in library = Sharewith v+  » =~ i 0
16| 6 6 2 Weather Weather  5/6/20] [ T rs - —
17| 6 6 3 Weather Weather  5/6/20 B = MName Type
18] & 6 4 Incident  Accidentl 5/6/20 ‘
R A0 DAT File
Lt DATFile

& dmf.dat
A E| & incident.dat
! weather.dat

DAT File




Example of
Scenario Groups

(@)

* Investigate travel time
distributions
considering weather

and accident

— Long Island Expy (©)
— 6-10 AM, Mon-Fri

— Nov. 2010-Feb. 2011

— Historical weather and accident

(b)

i TEOL o o o o e - e - o = e - I Seihiown
[l Mamhironeck sy Mt Si
Hﬂfiﬂ.ﬂlﬂﬂ* thport
fiels -Yonkers ]’ 12y B8 Bay, Fort (E)
-4 ROCheHeI
/s g P,
g 2 ‘Bg_m;m Co
Fort Lee Bronx/ |« o
;
[72) e i PE!

lanhattan

alfoca  Long fsiand
Connelquol
Astoria X River Biats Pak 2T Paicho
S @"5" : Sayvile
vork »r ueens Islip
(o] 5 = Nicoll B3y (f)
@ Great.

Bay South Bay
Brooklyn

()

PMF

PMF

PMF

PMF

PMF

PMF

PMF

0.4

02

04
0z

04

0.2

04
0z

04
02

0.4

02

04
0z

f(X)= 2, £(X]S)-P(S)

Total

Travel Time (min)

20 25 |50| T TT |55| T T 1 quﬂl LI 145| T T T |50| LI |55| LI |Eﬂl
I Clear / No Incident (p=0.242) f(XlSl), P(Sl)

20‘ T T T |25 T T |30| T T T |35| T T T Tq(]l 1 T T '|q.5| T T T |5‘]| T T T |55| T T T |Eﬂ|
I Clear / Incidents (p=0.610) f(X]S,), P(S,)

213' o I25 . Iﬂﬂl o I55I o Iﬂﬂ: o 1'15I o ISC: o I55I o IE!::II
Rain / No Incident (p=0.023) f(XlSa), P(S3)

20 25 Iﬁﬂl_l . I35I o Iﬂl:: o I45I o ISC: o I55I o Iﬁﬂl
Rain / Incident (p=0.072) f(X]S,), P(S4)

20 25 |30| T T T |35| T T T Tq(]l 1 T T '|q.5| T T T |5‘]| T T T |55| T T T |Eﬂ|
Snow / No Incidents (p=0.004) f(X]Ss), P(Ss)

20 25 Iﬂﬂl_l . I55I o I4C: o ;-'I-EI o I5C: o I55I o IE!::II
Snow [ Incidents (p=0.049) f(XI SG)’ P(SG)

20 25 50 T T |55| T 17T !4{; T 17T '|45| T 17T |51]| LI |55| LI |EO|



[ Vehicle Trajectory Processor J

Main Role: Extract reliability-related measures from the
vehicle trajectory output of the simulation models.

Scenario 1
Scenario 2
Scenario
Manager
Scenario N

Dynamic
Traffic

Simulation
Model

Trajectory 1
Trajectory 2
Trajectory
Processor
Trajectory N

~

- Reliability performance indicators
- Travel time variance
- 95th Percentile Travel Time
- Buffer Index
- Planning Time Index
- User-centric reliability measures
- Probability of on time arrival
- Schedule delay
- Volatility

17



Vehicle Trajectories: Unifying Framework

for Micro and Meso Simulation

= Vehicle (particle) trajectories in the output of a
simulation model enable

» construction of the path and O-D level travel time distributions
of interest

> extraction of link level distributions

= Vehicle trajectories could be obtained from both
micro- and meso-level simulation models

" Trajectories also obtained from direct measurement
in actual networks, enabling consistent theoretical
development in connection with empirical
validation.



Vehicle Trajectory Processor

Vehicle trajectories Preferred
arrival time
Travel time by lane, link, path Experienced vehicle travel time
and trip (O-D) and actual departure time

\ 4

Travel time distribution

\ 4

Performance indicators:
eTravel time variance

*05th percentile travel time v
*Buffer index Y User-centric measures:

Planning time index *Probability of on time arrival
Frequency that congestion *Schedule delay
exceeds some threshold s\/olatility

A

\ 4




[ Trajectory Processor J

Application Main Functionalities

= Trajectory Processor is bundled into the NEXTA package, which
provides a basic visualization platform for processing and analyzing
traffic assignment simulation results.

= Main functions:

Read simulated vehicle trajectories
from DYNASMART and other
packages, such as Aimsun.

Read GPS vehicle trajectory data.

Display individual trajectories or
available paths on the network maps.

Calculate and visualize travel time
reliability measures for user-specified
links, paths, OD-pairs or the entire
network.

Export the extracted reliability
measures to text files for further
analysis.

¥ Trajectory Processor

HT MeXTA Version 3 Beta (64-bit) - [NYC_sub] =t
5] File View Edit Project MOE Tools Window Help [=]&]x]
| @l %" 222+ - [ HTQ O+S|ed |88
| i
‘ & = D v [ Q cal 3 H

Network Animation Density Volume  Speed  Queue | Emissians  Safety Link Path  Vehicle Summary

Config

LaEer

Inode

¥ Link

I Movemen t/Signal

[l zane

] connector fActivity Location

] ob Matrix

¥ Link MOE

[l Path

[ subarea

[¥ sensor

[l workzone

] crashfincdent

s

M Tall

] Ramp Meter

] vehicle Trajectary

I transit

[ Grid/Coordinate

Background Image

-74.24837 40.53567

|width: 43.3 mi; height: 29.6 mi
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(

Trajectory Processor ]

Application Main Functionalities (ctd.)

* From simulation outputs, for
selected OD/path/links:

* show scenario-specific travel time
distributions

* show combined travel time
distribution (weighted by scenario
probabilities)

e extract various reliability
performance measures

= Compare simulated
trajectories with observed
trajectories (e.g., TomTom
GPS data)

¥ Trajectory Processor

[=[E] = ]

21



(

Trajectory Processor )

Overall Vehicle
Trajectory Processing
Procedure

Transportation Metwork
Nade,
Link,
Zone

(G15 Shape file or CSV file)

Microsimulation

ﬁﬁg Mesoscopic data data

(&g, DYMASMART E.g. {Aimsun
Vehicle Data) Vehicle Data)

GPE Vehicle
Data

|
S ,,

Vehicle Trajectory Processor (NEXTA)

A

iy

Spatial Selection: Vehicle Selection based on /Network/Link/OD/

Path/Subarea

Temporal Selection (e.g. every 15 min)

Demand Type Selection (e.g. LOV, HOV and truck) Travel Time Mile per Hour 5TD,
Trip Distance Bin (e.g. 1 mile category) Planning index...)
Vehicle Type, VOT Distribution
Table-based Analysis
ul Chart-based Google Earth-
{export to €5V in Analysis LI Based Analysis Ul
Excel)

iy

22



[ Trajectory

Processor

Import and Load Mesoscopic Simulation Data (DYNASMART)

HT MeXTA Version 3 Beta (64-bit) -

T )

B File View Edit

Project MOE  Tools

Window Help

BOE

Eld v vz - [HER|(a+5(a85 7 5 A

]
J

- =y,

=
Network Animation:

Link

I Movement/Signal
Zone

[ Connector fActivity L
0D Matrix

Link MOE

Path

[ subarea

Sensor

Workzone

[ crash/incident
VMS

[vl Toll

D Ramp Meter
[1vehide Trajectory
DTransit
Grid/Coordinate

Background Image

Ready

Layer

[Inode

Link

[ Movement/signal

width: 125.0 mi; height: 8 [¥l zone

] Connector fActivity Location
[[] oD Matrix
ink MOE
ath
[ subarea
Sensor
Workzone
[ Crash/Incident
WMS
] Tal
D Ramp Meter
] vehide Trajectory
DTransit
Grid /Coordinate
Background Image

-74.24837 40 53567

1a0pen - . - . A « =S ‘
_ . S
Look in I 1 NYC_sub j & £ ' ammary
@ ‘l:} MName = Type
ol .
Places LI NYC_sub.dws DWS File
Desktop
Libraries
-
LY PEmE
Comput NeXTA Version 3 Betz o |
| er
@ 5 File View Edit Project MOE Tools Window Help
= | BERE %@ 77 - KA oS T QB
1
< | [ ] J 4
& & D v s 0 eo 5 =
File name: I j I Network Animation  Density Volume Speed Queue Emissions  Safety Link Path Vehicle  Summary
Files of type: INB(TA Data Files (*dws;*tnp) ;I Config
on

[width: 433 mi; height: 9.6 mi
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[ Trajectory Processor )

Import and Load Microscopic Simulation Data (Aimsun)

- || O x
Y File View it Project ools indow e ===
B File View Edit Project MOE Tools Window Help [=]=]x]
| 2@ @ v[0 s 24 | AKA|o+S5|ad@ s 7 (@Bl
‘ Iy R NT Open . - . . - gl H
: Anirmati — -t . 3 "
_I_l Look in I | AimsunNetwork: j e o B
4] -
= (15 Mame Date modified Type |
e i |4 t 2/19/2013 12:44 AM  TNP Fil
[¥] Node Recent Places imsun.inp e
[¥lLink
[[IMovement;Signal !|
[¥] zone Desktop
[ Connector factivity Lo = |
[ oD Matrix E
[ Link MOE Libraries
[IPath - : LE ———————
[subarea ﬂ&l [ BT NeXTA Version 3 Beta (64-bit) - [ (o o= |
Sensor Computer " n N - N
Elvwerloone T File View Edit Project MOE Tools Window Help [-]=]x]
Clcrashtngdent @ | GEBIx0r7 -l BRKT 5G| 5 72| QAE
[ s Network i
ol | I B 14h  15h
4 m -
DRalr.\p,chtﬂ.ened( B e =1 D v 5 ] cel & B
B:Ehldi'rﬁ]ecmw File name: Iﬂlmsuntnp j I | Metwork Animation Density  Velume Speed Queue Emissions  Safety Link Path Vehicle  Summary
ransi
[¥] Grid/Coorcinate Fies of type: |NEXTA Data Fies (" dws:"np) =l == Config
Background Image
Layer I
| [node
J [¥lLink
[[1Movement;signal
Ready width: 1250 mi; height: 84| | [#] Zane
1 connector /Activity Location
[ oD Matrix
[ Link MOE
[vl Path
[ subarea
[v] sensor
[v] workzone
[ Crash/Incident
[vlvms
[vl Toll
[Iramp/Botteneck
[ vehide Trajectory
DTransd
[l GridfCoordinate
| | [¥]Background Image
Ready |width: 1.5 mi; height: 1.0 mi
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Trajectory Processor )

Import and Load GPS Trajectory Data (TomTom)

T NeXTA Version Sox
E) File View Edit Project MOE Tools Window Help [- =] x]
| E@-d xdler 2z - HRA DS & 5 7| QB
‘ g & Mmoo . - 4 A a == |
Network Animation Lok in: I TGP j - o E@- Summary
| J: =] Name ’ Date modified Type
ﬁb Hem“:dﬁaﬂ || regional_network.tnp 6/13/201311:51 PM TNPFile ||
¥ Node
[se] Link
DIVII:vEmEnthignal -J i
[ zone Deskiop
] Connector /Activity Lof |
] oD Matrix u 1
[¥] Link MOE Libraries
[MIPath d
DS:barea mk‘l NeXTA Version :
[¥] sensar Computer - . . . -
[¥] workzone @:‘ ) File View Edit Project MOE Tools Window Help
‘C{;qasshflnudent A Jﬁﬁﬂl\@|7l77+- |EHQ~Q‘E—P‘—_.‘@+$7|S* E-‘-|§>|@l‘m
Mol O o | J i 14h 15h
DRamD Meter =) D v 3 Q cal
D\dehid.e‘rrajacmry File name: I j I ‘ Ngmk Animation  Density  Volume Speed Queue Emissions
gzﬁw dnate Files of type: | NEXTA Data Files [~ dws:"tnp) | ot T )z
Background Image
! ! ! ! ! ! ! ! 1 ayer ]
[ node
J [¥] Link
] Movement/Signal
Ready width: 125.0 mi; height: 98 Zone
[ comnector fActivity Location
] oD Matrix
[v] Link MOE
[v] Path
- [] subarea
GPS traces are mapped into a
[v] workzone
H H H [ crash/Incident
given simulation network and the B
. [V Tal
associated O-D zonal system, P—
. . . S ETE
allowing direct comparison between || [esiuoone
Background Image
GPS and simulated trajectories |
-74.04522 40.68867 B




Trajectory Processor ]

Extract Travel Time Reliability Measures

HT MNeXTA Version 3 Beta (64-bit) - iona -
51 File View Edit Project MOE Tools Window Help [ [=]x]

| F@EE x| 2:+ - HIAOHS[e®|s 7)» |[QB

N

=n

14h  15h

g & D v s Q e02 <A =

Metwork Animation Density  Volume Speed Queue Emissions Saf;ty Link Path Vehicle\ Summary

Config |

Various travel time reliability metrics
available in Trajectory Processor

Layer |

[Inode

Link

] MovementSignal

Zone Data Summary Dialog

[[] Connector/Activity Location

[ oD Matrix s 15-min Departure Time [nterval : INumber of Wehicles Metwork-wide LI
Link MOE l

Path Selection Summary:

[ 5ubarea Project Title: FortWorth Il vehicles in the network,

Sensor

Workzone

[ crash/tncident * |Mumber of Yehicles

YMS -

[ Toll 2310 2320 2315 2314 2319 Mumber of Wehicles _
[JRamp Meter Cumulative Nu_ml:uer u;uf Yehicles
[ vehide Trajectory oject T Total Travel T ime [rmir] _
[transit Tatal Travel Diztance [mile)
Grid/Coordinate -

Background Image 1500 Awg Travel Time [min]

Aueg Travel Distance [mile]

Avg Speed [miledhour)]

Awg Travel Time Per Mile [mindmile]
= Travel Time Index: mean/FFTT
-74.34027,40 51982 N

Awg Travel Time STD [min

31
06:00-06:15 06:15-06:30 06:30-06:45 06:45-07:00 07:00-07:15 07:15-07:30 07:30-07:45 07:45-08:00 08:00-08:15 08:15-08:30 90th Percentle Travel Time [min]

B0th Percentile Travel Time [min]
Flanning Time Index: 35th percentile/FFTT
Buffer Indesx: [95th percentile - mean)/mean

Skew Index: [930th Zile-median]/[median-10th Zih

Travel Time Per Mile STD [mindmile]

95th Percentile Travel Time Per Mile [min/mile]
A0th Percentile Travel Time Per Mile [mindmile]
B0th Percentile Travel Time Per Mile [mindmile]

m
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( Trajectory Processor ]

Construct Travel Time Distribution at Different Levels

HT MNeXTA Version 3 Beta (64-bit) - iona
A File View Edit Project MOE Tools Window Help

le]x

| F@EE x| 2:+ - HIAOHS[e®|s 7)» |[QB

|
J 18| 14h  15h

i = D v 3 a e =
Metwork Animation Density  Volume Speed Queue Emissions  Safety Link Path

Config |

| Layer |
[Inode

Link

] MovementSignal

Zone

[[] Connector/Activity Location

Data Summary Dialog

H

Vhicle Summary

iz Y Az

[] oD Matrix
Link MOE
Path

INumber of Yehicles

15-min Departure Time Interval

LI Vehicle

Metwork-wide -
Selection: —I

Selection Summary:

[ 5ubarea Project Title: FortWorth

Sensor
Workzone

[ crash/Incident
VM

[v] Toll 2310 2320 215 2314 2319

D Ramp Meter 2130
[ vehide Trajectory
DTransit
Grid/Coordinate
Background Image 1500

1812

-74.34027 40 81982

06:00-06:15 06:15-06:30 06:30-06:45 06:45-07:00 07:00-07:15 07:15-07:30 07:30-07:45 O7:

All vehicles in the netwark,

M etwork -wide

M etwork -wide
Selected OD Pairz from Yehicle Path Dialog
Paszzing Selected Link Set

Tripz Paszing Selected Path
Partial Trips Pazzing Selected Path

Originating from Subarea

Traverzing through Subarea

Subarea Internal-to-Extemnal Tripz
Subarea Esternal-to-lnternal Trips
Subarea Internal-to-nternal Trips
Complete and Partial Trips inzide Subarea
Subarea Boundary-to-Boundary Trips

Various ways of
selecting target
location:

» Network-level

» OD-level

* Path-level

e Link-level

* Subarea-level
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Trajectory Processor ]

Visualize Reliability Measures in Different Ways

— _ — — :
Data Summary Dialog - - - - - - - -
XA [Travel Time Bin [2 min Interval) | VA [Number of Vehicles - \S’E‘WD{? Selected OO Fairs from Wehicke Path Disog = | F re q u e n Cy C h art
elechon:

Selection Summary:

d 00 Iz Path Dialog

Project Title: Fort_Worth_1.4

Pie Chart

Chart style Chart colors

Hhuar [ Distance Bin [2 mi Interval] =] TR (e of Vehicies [Netwodk vade

Slaction Sumsmay

FflﬂMlTﬂ:Fﬁﬂ_’l\b{;lg_Ll [ A vetazien i the netesat.
158%

haet coloes
= Sivgls
™ Giay reale
™ Custom

[Expon Chart Dista |
[ EqetMDssnted .

Data Summary Dialog

RANs: [16min Departue Time Interval x| YA [9in Percentie Travel Time Per Ml (minmis] _»|  Yehicle
Elechon:

Project Title: Fort_Worth_1.4

Chart styl Chart color
" Pie Chart & Simple
@ Bar Chart " Giap scale

M # of Columns " Custom

Export Chart Data...
Expart &l Data to Excel

Highloht Selected Veicles » ellablllty Measure Over
00:150030 003000:45 00450100 01000115 01:15-01:30 Exit eparture Tlme |ntervals

100 A
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Future Direction: Scenario Management for
Policy and Project Evaluation

Current Practice Project or policy
to be evaluated

Manual specification Scenario
(" . . ) .
Planning and Operation Models One-time
N Analysis
B Y 6> T No system for
Meso simulation tool Micro simulation tool storing, retrieving,
\ (e.g., DYNASMART) (e.g., Aimsun) ) sharing, and

reusing knowledge

Predicted
performance Y

Single-run estimation

Decision

29



Future Direction: Scenario Management for
Policy and Project Evaluation

Better Approach Project or policy
to be evaluated

Generate scenarios or retrieve 1 RERMECEE!

. : . : (weather,
historically important scenarios

- Systematic identification (0
incident, etc.)

- Automatic generation Scenarlos

4 _ _ N\ Historical
Planning and Operation Models Database

ppE— : :-'_-_'_ ‘? -&.'é’ . .
. - Scenario
- V il Pas Manager -
1 Scenario
Meso simulation tool Micro simulation tool .
(60, DYNASHART) (e.g., Aimsun) ) Library

Knowledge base

- Multiple-run estimation Predicted
- Probabilistic analysis performance

Store scenarios in conjunction
with their consequences

Decision



Future Direction: Incorporating Data Mining
Techniques into Pre- and Post- Processors

Scenario Manager

Scenarios

\_

Plannmg and Operatlon Models

Meso simulation tool Micro simulation tool
(e.g., DYNASMART) (e.g., Aimsun)

Trajectory data

Trajectory Processor

e.g., Trajectory

e.g., Scenario Clustering

- ldentify a few distinct scenarios
- Reduce the number of simulation runs

e —>
Scenario 4
. 7~ BT

Eamd Scenario 5

o

Weather Condition
o - N w = (3,

Clustering

- ldentify critical routes and sections from data
- Perform cluster-level travel time reliability analysis 31
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2 Principal Ways

e New network tools open a way to incorporate
travel time reliability in travel demand models:

—(Single run) Travel time reliability measure added
to utility functions in choice models

— (Multiple runs) Travel demand variation as
additional factor for Scenario Manager



Travel Time Reliability Added to Utility Functions of Travel Choices

SINGLE RUN FRAMEWORK



Time Distribution Measures

e (Mean-Variance) Standard Deviation (symmetric)

e (Buffer time) Difference between 80-90-95t and 50t
percentile (asymmetric)

e (Risk measure) Probability of delay of certain length
(asymmetric)

e (Lateness measure) Average delay (asymmetric)



Reliability Ratio (p)

e U=aXTime + B X Cost + y X Reliability
—-VOT=0/p3
—VOR=y/B
— p=y/a=VOR/VOT

e [t is more complicated with non-linear models:

—VOT, VOR, and p becomes functions of time, cost,
or distance

—These variables must be fixed at certain values to
calculate VOT, VOR, and p



Schedule Delay Cost

»

Cost, $ 4
Linear w/fixed

:Early arrival, min  Preferred arrival time (PAT) Late arrival, min



Schedule Delay Cost

eU=aXT+6 XC+A XSDE +y XSDL +6 XL
e [n presence of random travel times:
—f(T) — travel time distribution

— E(U) — expected utility dependent on f(T) and
departure time/PAT

— Improvement of reliability in terms of f(T) can be
evaluated in terms of E(U)

e Considerable body of literature:
—SP estimates: y2a



Recommended Values for p

Population Travel Perceived  STD vs. Buffer 90t"- Lateness
segment segment congested meantime 501 vs. against
time vs. median PAT vs.
free-flow time mean time
High To work 2.0 0.8 1.0 3.0
income
(60K+) From work 1.5 0.6 0.7 2.0
Non-work 1.2 0.4 0.5 1.8
Low income To work 2.5 1.0 1.2 6.0
(UBOK) From work 1.2 0.3 0.4 1.7
Non-work 1.1 0.2 0.2 1.5




Differences across Income Gro

e Low-income workers compared to high-income
workers:

— More constrained schedules

—Higher sensitivity to reliability although VOT is
lower

e Social equity concerns w.r.t. low-income commuters
revisited:

—More opportunities to carpool
— Benefit from improved reliability even more
—HOT lanes will be very beneficial



Summary for Willingness to Pg

Income To work From work Non-work

Average Reductio Average Reductio Average Reductio

travel nin STD travel nin STD travel nin STD

time of travel time of travel time of travel

savings time savings time savings time
$25,000 $6/h $5/h $5/h $1/h $4/h $1/h
$50,000 $10/h $8/h $8/h $2/h $7/h $2/h
$75,000 $15/h $11/h $12/n $4/h $12/h $4/h
$100,000 $20/h $13/h $15/h $8/h $16/h $6/h

$150,000 $28/h $17/n $21/nh $12/h $23/h $9/h
$200,000 $34/h $21/h $26/h $16/h $30/h $12/h



Difference across Trip Purposes

e Reliability is crucial for fixed-schedule activities

e Schedule constraints not yet in travel models
in practice; trip purpose and direction as
Proxy:

—Trips to work — highest VOR
—Trip from work — median VOR
—Non-work trips — lowest VOR:

e Some can have rigid schedule constraints thus more
details can be added



0

1

Trip to airport

Visiting doctor

Escorting children to school
Ticketed special event

Other escorting

Eating out

Other discretionary activity

Shopping

Personal business, HH maintenance

Visiting relatives or friends




Improving Mode Choice

e Reliability measure (STD) in mode choice:
— Largely eliminates geography-specific mode-
specific constants (“Transit to CBD”)
— Explains choice of toll route vs. free route in

addition to travel time savings; eliminates bizarre
positive toll bias

— Accounts for advantages of reliable modes such as
Rail and dynamically priced toll road/lane

e Transit reliability has to be incorporated as well



Improving TOD and Destinati

eTOD and Destination Choices affected by
Reliability through mode choice logsumes:

—Explain peak spreading with growing
congestion for future years

—Helps explain impacts on commercial
activity in addition to average travel times



Travel Demand Scenarios

MULTIPLE RUN FRAMEWORK



Sources of Variability of Travel Degefis

e Day-to-Day:

—Inherent randomness of base demand (trips made
by residents)

—Trips made by visitors

— Impact of weather (on travel demand!)
e Special events:

— Mini trip table for each event



Observed Daily Levels of Variation In
Generation

Land-use type STD of daily trip
generation

Residential area (population-based trip rate) 1-2%
Industrial area (employment-based trip rate) 2-5%
Offices area (employment-based trip rate) 5-10%

Commercial area (retail employment-based trip rate) 5-20%
Hotel / visitor / entertainment area-based trip rate) 10-30%



Practical Approach to Generate Demape

Scenarios (Day-to-Day)

e Base year:

— 10-20 demand scenarios (trip tables) by adjustment of
average trip table to scenarios of contemporaneous sets of
traffic counts

— Robust stat relationship between the level of variation
(STD/mean) and land-use variables

e Future years (handled through Scenario Manager):

— 10-20 demand scenarios by of production and attraction
variation factors as functions of land-use:

— Average trip table factored for each scenario



New York Region Example

Std Deviation Travel Time (min)

per mile

3.000

Free route
2.000
1.000
L R . -‘ "o :; m
s e ?
0.000 T ]
0.000 1.000 2.000 3.000 4.000 5.000 6.000
Mean Travel Time (min) Per Mile
_  3.000
= 7amto8am ¢ 10am to 2pm E TO” I’OUte
c
£
) “E’ 2.000
Reasonable generation =
o Q
of travel time sz
distribution through e 100
multiple runs 3 . : -
g " S ¢ . .' B "

0.000

1.000 2.000 3.000 4.000 5.000 6.000

Mean Travel Time (min) Per Mile

= 7am to8am ¢ 10am to 2pm



Conclusions

e Travel demand is sensitive to reliability:
— Mode choice

— Other choices through mode choice logsums & accessibility
measures

e (Single run framework) travel demand model needs only minor
adjustment:

— Add travel time reliability measure to mode choice utility
function

e (Multiple run framework) travel demand scenarios:
— Time taking but can address specific details
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Implementation Plan

Objective:

Assist Public Agencies (i.e., State DOTs, MPOs, etc.)
in moving Reliability into their business practices
through the piloting of the SHRP 2 LO4 products,
where the application of these products will be
demonstrated



Implementation Plan

What We Heard:

e Held a workshop at TRB to bring together software

vendors of traffic simulation models the discuss the
products

e Broader implementation is more likely if vendors

incorporate these products in their commercial
models

e State DOTs need to request or push the LO4 products
e Advanced modeling capabilities required

e Pilot testing is needed to further demonstrate the
application and usefulness of these products



Implementation Plan

Our Approach:

e Released RFP to pilot the products developed by
SHRP 2 LO4 in two sites

e Received and evaluated proposals and recommended
a Contractor

e The award is expected this month



Implementation Plan

The Study:

e To demonstrate how the products can be integrated
into an agency’s business processes to improve its
capability to analyze and improve travel time
reliability

e To provide feedback to FHWA on the applicability and
usefulness (benefits and value) of the products
piloted and lessons learned

e Recommend potential refinements and approaches
for implementation in other agencies



Implementation Plan

The Study (con’t):

e Developing a Data Collection Plan with demand and supply
characteristics and sources of variation

— Demand — special events, closure of alternate modes, day-
to-day variation in individual behavior, visitors, etc.

— Supply — incidents, work zones, adverse weather, variation
in individual driver behavior, traffic control, etc.

e The Plan will have data collection methods and platforms,
types and coverage for both spatial and temporal data, the
required level of detail and accuracy, and other relevant data
needs



Implementation Plan

The Study (con’t):
e Developing an Analysis Framework

— Travel Time Reliability Analysis plan that incorporates the two
essential components, the Scenario Manager and the Trajectory
Processor

e Proof of Concept Pilots

— Two Pilot Sites to be selected to demonstrate the application and
usefulness of these two products

e One site will be a corridor site and the other on a broader
regional scope

e Working in partnership with the public agencies in those sites

e Developing a Proof of Concept Test Plan using the data identified and
the Analysis Framework

e Will analyze the baseline reliability issues (operational conditions) and
alternative strategies Operational strategies) to improve reliability



Implementation Plan

The Study (con’t):
e Evaluate the Functionality and Usefulness of the Products

— Will evaluate the functionality and outcomes that resulted
from these two pilots including:

e The technical feasibility of the products

e \Whether the outcomes were understood by decision
makers and regarded as credible

e Lessons learned in using the products
e Deployment tips

e Goal is to mainstream Operations, with a Reliability focus, in
the Planning and Decision-Making Process
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