CMAP Transit Modernization
odel Project: Extending CT-

M
!'_ RAMP Transit Modeling Capacity
Overview of completed Phase 1 and

Plan for Phase 2

CMAP, Advanced Modeling Webinar, August 24, 2012
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i Focus of the Project

= Existing CMAP CT-RAMP ABM:

= Advanced microsimulation platform
= Integrated with CMAP socio-economic & land use

data and networks
= Tested for highway pricing studies

= Enhance and test transit side:
= Incorporate State-of-the-Art & Practice in transit

procedures and mode choice
« Quantifiable measures of premium transit services

= Validate against available data on transit ridership

CMAP, Advanced Modeling Webinar, August 24, 2012
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i Project Team

= CMAP:
= Kermit Wies

= Matt Stratton
= PB:
= Peter Vovsha
= Joel Freedman
= Ben Stabler
= Binny Paul
s RSG:
= Maren Outwater
= Bill Woodford
= Jeff Frkonja

CMAP, Advanced Modeling Webinar, August 24, 2012
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Transit-Rich Chicago Mega-
Region (HTS, 2007)
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i Main Sources of Inspiration

= Enhanced spatial resolution (20,000 MAZs)
following SANDAG MAG & SACOG ABM

= TCRP H-37 “Characteristics of Premium Transit
Services that Affect Choice of Mode”
= Chicago Area New Starts Model experience
= Portland Metro Study “Understanding &
Modeling Transit Preferences”
= LACMTA FTA-Sponsored Study “Incorporation
of Transit Capacity Constraints, Crowding and
Reliability in Travel Models”

CMAP, Advanced Modeling Webinar, August 24, 2012
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1. Population Synthesis

CMAP

CT-RAMP

Standard CT-RAMP
components

Developed for
CMAP Pricing ABM

Developed for

v
2. Long-term ‘2.1. Usual workplace ‘ ‘2.2. Usual school ‘
v
3. Mobility ‘3.1. Free Parking }—»{3.2. Car ownership H3.3. Transit pass MS.& Toll transponder
v
4. Daily 4.1. Person pattern type
Mandatory IR Home
mandatory
i Full day
Individual . . v
mandatory tours Residual time | Ayailable
time budget

‘4.2.1. Frequency ‘

o~

‘4.2.2. Destination ‘

Individual non-
mandatory tours

Joint Non-

4.2.3. TOD
‘ ‘ mandatory tours

Allocated tasks

‘4.5.1. Frequency

4.3.1. Frequency

4.4.1. Frequency

4.4.2. Allocation

4.3.2. Party
At-work sub-tours

‘4.3.3. Participation ‘

‘4.6.1. Frequency ‘

‘4.3.4. Destination ‘ ‘4.4.3. Destination ‘ ‘4.5.2. Des‘tination

‘4.6.2. Destination ‘

CMAP Transit ABM

4.6.3. TOD | [4.3.5. 70D | [4.4.4. 70D | [4.5.3. TOD |
v
5. Tour level
‘5.1. Tour mode }—»{5.2. Stop frequency }—»{5.3. Stop location
v
6. Trip level [6.1. Trip mode |
/\

6.2. Auto parking

‘6.3. P&R parking

‘6.4. Trip d:eparture ‘

v

CMAP, Advanq

7. Network Simulations ‘7.1. List of trips }—»{7.2. Trip tables

}—»{7.3. Assignment




Main Aspects of Model
Improvement

Advanced “non-labeled” mode choice X

Transit access / spatial resolution

Station characteristics X
X

In-vehicle parameters
Capacity constraints
Crowding effects

Service reliability
Transit frequency / wait time
X

Fare / cost structures
Individualized transit path choice

Mobility attributes and modality
CMAP, Advanced Modeling Webinar, August 24, 2012
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i Non-Labeled Mode Approach

= Refer to actual service characteristics
and understand traveler perceptions

= Eliminate proliferation of mode-
geography-specific constants

= Promoted by FTA
s Essence of TCRP H-37 "Transit Services

that Affect Choice of Mode”

CMAP, Advanced Modeling Webinar, August 24, 2012
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Walk to transit (CTA local
bus, Pace local bus, CTA
express bus, CTA train, Metra

commuter rail)

i Mode Choice Alternatives

Walk to conventional transit

Walk to bus (CTA local
(CTA local bus, Pace local bus,

bus, Pace local bus, CTA
CTA train)
Walk to premium transit (CTA

express bus)
express bus, Metra commuter

Walk to premium transit
PNR (CTA local bus, Pace local

bus, CTA express bus, CTA
train, Metra commuter rail)

KNR (CTA local bus, Pace local

bus, CTA express bus, CTA
train, Metra commuter rail)

(CTA train, Metra
commuter rail) rail)
PNR (CTA local bus, Pace local

Drive to premium transit
(CTA train, Metra bus, CTA express bus, CTA
commuter rail) train, Metra commuter rail)
Drive to bus (CTA local KNR (CTA local bus, Pace local
bus, Pace local bus, CTA bus, CTA express bus, CTA
train, Metra commuter rail)

= express bus)
CMAP, Advanced Modeling Webinar, August 24, 2012
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Shift in Transit Modeling
Paradigm
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S

= Transit user sees generic transit service
where different modes and lines can be

used
= Access modes (Walk, PNR, KNR) represent

distinctive options
= From proliferation of transit modes to

capturing individual path-building rules:
= Less modes in the mode choice set
= Path choice sensitive to transit attributes and

person characteristics

CMAP, Advanced Modeling Webinar, August 24, 2012
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Highway &
Transit Modes

i Cross-Nested Logit (Phase 2)

Auto Nest Vit
Nest
SOV HOV
Sub-nest Sub- Nest
sov HOV2 HOV3+ PNR KNR ivaligio
Transit

= Partial similarity of HOV and KNR
= Partial similarity of SOV and PNR

CMAP, Advanced Modeling Webinar, August 24, 2012
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i Enhanced Spatial Resolution

= 17,000 MAZs nested in 2,000 TAZs:
= CT-RAMP handles all location choices at MAZ level

= EMME transit assignment & skimming cannot
handle 17,000x17,000 matrices

= Virtual path building:
= Access and egress time pre-calculated for MAZ-to-

station matrices using detailed street network

= Station-to-station time/cost matrices skimmed
=« MAZ-station-station-MAZ path calculated on the fly

CMAP, Advanced Modeling Webinar, August 24, 2012
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Transit Path-Building
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i CMAP Data

= Chicago has 37,000 total Google transit feed

StOpS
= Pace — 25,000 stops

= CTA - 12,000 stops
= Metra — 240 stops
= NICTD - 20 stops

= Some duplicates, overlaps

= Collapse stops to reasonable number (<6,000)

without losing too much accuracy

CMAP, Advanced Modeling Webinar, August 24, 2012
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Importance of Access Network
Details (MAG)
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Shortest Path v/s Euclidian Distance
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CMAP, Advanced Modeling Webinar, August 24, 2012 15



i Pedestrian Environment Factor

= Scaled to represent - EEE

walk time weight:
= 1.0=Dbest conditions g -
= 3.0=worst conditions e

= Incorporated in
transit path building

CMAP, Advanced Modeling Wet
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Classification of Stations

i. Pole

2. Shelter

3. Plaza

4. Station

Major station

)
CMAP, Advanced Modeling Webinar, August 24, 2012
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Parameterization of Stations
(Phase 1)
Boarding /

Station Type Wait Real-time
convenience information transfer time,
factor factor min

1=Pole 2.50 0.9 2.0x2.5
2=Shelter 2.25 0.9 2.0x2.5
3=Plaza 2.00 0.9 3.0x2.5
4=Station 1.75 0.9 3.0x2.5
1.75 0.9 4.0%x2.5

5=Major station

CMAP, Advanced Modeling Webinar, August 24, 2012
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Parameterization of Stations

i (Phase 2)

= Estimate all parameters based on
observed transit path choices:
= Individualize by age, income, etc
= Quantify & consider additional variables:
= Proximity to commercial services

= Easy of paying (fare policy & media)
= Easy of boarding (in combination with vehicle

type)
= Cleanliness

= Security

CMAP, Advanced Modeling Webinar, August 24, 2012
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Parameterization of In-Vehicle
* Conditions (Phase 1)

Vehicle type In-vehicle time convenience
factor
1.00

0.95
0.90
0.85

Local bus (BPL)
Express bus (EQ)
CTA train (C)
Metra rail (M)

CMAP, Advanced Modeling Webinar, August 24, 2012
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Parameterization of In-Vehicle
i Conditions (Phase 2)

= Estimate all parameters based on
observed transit path choices:

= Individualize by age, income, etc
= Quantify & consider additional variables:

= Seating comfort
= Productivity (work, sleep, socialize)

= Cleanliness

= On-board amenities
= Socio-economic compatibility between riders

CMAP, Advanced Modeling Webinar, August 24, 2012
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‘L Wait Time Function (Phase 1)
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Model Validation (Phase 1)
Work Tours

PNR
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Model Validation (Phase 1)
Work Tours

WK PRE

KNR

PNR

Survey | Model

Sector

igin

Or

WK CONV
Survey | Model
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Model Validation (Phase 1)
Non-Work Tours
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Model Validation (Phase 1)
Non-Work Tours
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Capacity Constraint & Crowding
Effects Intertwined

= Capacity constraint (demand exceeds total capacity)
= Riders cannot board the vehicle and have to wait for the

next one
= Modeled as effective line-stop-specific headway greater than

the actual one
= Similar to shadow pricing in location choices

= Crowding inconvenience and discomfort (demand exceeds
seated capacity):
= Some riders have to stand
assengers experience inconvenience in finding a

= Seating cF
seat and getting off the vehicle
= Modeled as perceived weight factor on segment IVT

CMAP, Advanced Modeling Webinar, August 24, 2012
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Capacity Constrained at Boarding

Nodes and Not by Segments

2. Effective headway
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Crowding Functions for British
Rail and London Underground

Crowding factor
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Crowding Function Applies Incremental

Costs as Vehicles Fill Up (Sydney)

2.6

24

2.2

1.8
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Crowding Factor

1.4

1.2

100%
L CityRail car
capacity =
187 persons
——Metro
—CityRail
100% Metro car
] capacity =213
persons
80% CityRail car
L seated capacity =
84 persons
L 100% Metro
seated capacity
=50 persons
100% CityRail car
seated capacity =
105 persons
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Passengers in car

CMAP, Advanced Modeling Webinar, August 24, 2012
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Crowding Effects Summary
(LACMTA)

= Hypotheses confirmed:
= Crowding perceived as extra IVT weight
« Crowding is more onerous for commuters
= Crowding more onerous for older riders
= Crowding perceived differentially by mode

= Hypotheses not confirmed:
= Crowding more onerous for high incomes

« Crowding weight grows with trip length

31

CMAP, Advanced Modeling Webinar, August 24, 2012
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i Trip Length Effect
= It might look counter-intuitive that crowding IVT

g
weight does not grow with trip length
= However, even if the weight is constant the
resulted crowding penalty does grow with trip

length:

« IVT weight 1.5

= 10 min in crowded vehicle equivalent to 5 extra min
= 60 min in crowed vehicle equivalent to 30 extra min

= Logit models are sensitive to differences, thus trip
length would manifest itself in crowding-averse

behavior

CMAP, Advanced Modeling Webinar, August 24, 2012
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General Functional Form for
Crowding IVT Weight
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0.20 Function
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Weight=1+(1-SeatProb)3-4x1.58

CMAP, Advanced Modeling Webinar, August 24, 2012 33



Transit Reliability Measures

HIIII[H"

Timetabled Actual Timetabled
departure departure arrival arrival
time time time

time
Lateness 2
In-vehicle time
ﬁ-

Lateness at

at
boarding
»- destination

Scheduled journey time

Fig. 3. The time components of a rail journey.

Schedule adherence at boarding stop (extra wait time)

1

2. Impact of congestion (extra IVT)

3. Combined lateness at destination versus planned arrival
2% time (similar to auto)
= CMAP, Advanced Modeling Webinar, August 24, 2012 34
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Reliability Impact: Expected
Delay (Linear Formulation)
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= Calculated as AmountxFrequency
= Weight vs. non-crowded IVT is 1.76

= Confirms negative perception beyond
just extension of IVT

CMAP, Advanced Modeling Webinar, August 24, 2012
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i Best Statistical Form

-0.142xDelayxFreq (base linear)
+0.091 xDelayxFreq? (freq convex)
+0.161xDelay®~>xFreq (delay concave)

CMAP, Advanced Modeling Webinar, August 24, 2012
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Linear
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Predicting Unreliability in Network
Simulation (Phase 2)
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s Extra wait time as function of:
= Transit mode separation

= Scheduled frequency
= Accumulated roadway saturation

= Accumulated transit stop activity

= Accumulated route length
»« Accumulated number of stops

CMAP, Advanced Modeling Webinar, August 24, 2012
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Passenger Split between

Attractive Lines

Line share

Discount

Effective Frequency

CMAP, Advanced Modeling Webinar, August 24, 2012




Extended Transit Assignment

with EMME
| |

Flow distribution between lines

Standard transit assignment
e Optimal strategy: distribute flow in proportion to

the frequency of the line, p, =1,/ f
o where f = sum of the frequency of the attractive lines

Extended transit assignment

e Optimal strategy, or
¢ Distribute flow in proportion to the frequency and

travel time to destination, p, = p adjust, ",/ f

(INRO

Fddel Gl 0141
Feland, 1516 Sopoember 2049
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Incorporation of Attitudes and
Awareness in CT-RAMP (Phase 2)
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Person & HH attributes (age, income, etc)
Individual attitudes (pro-car,

Work/school location &
pro-transit, LOS-sensitive, etc)

dependence on auto for

20

commuting

Individual mobility attributes Awareness familiarity &
consideration of transit modes &

(car ownership, transit pass,
services

reserved parking, transponder)

Mode & transit path choice

CMAP, Advanced Modeling Webinar, August 24, 2012
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i Conclusions

= Microsimulation ABM is flexible platform to
incorporate a wide range of transit
characteristics

= Promising results for Phase 1

= Challenging program for Phase 2:
= Finalize measurable transit service attributes

= Estimate individual path choice preferences
= Incorporate in operational ABM & transit

network procedures

CMAP, Advanced Modeling Webinar, August 24, 2012
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