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1. Project Focus and Phasing

1.1. Essence of(Ofransit Modernizaton 6 1T £ OEA #-10 1| " -

The goals of the "Transit Modernization" project were to enhance the transit components of the CMAP
Activity-BasedModel (ABM) to be sensitive to a wider array of policy and service variables than
traditional transit demand models. "Modernization" refers to the fact that traditional transit demand
models usually account solely for a limited range of explandtevetof-Service(LOSYyariables such as
travel time, outof-pocket cost, access time, egress time, and time spent waiting at boarding locations.
More "modern" variables added to the traditional variables include reliability, safety, cleanliness,
probability ofhaving a seat (crowding levedpportunity to be productive during the ride (productivity),
ease of boarding, etc. These modern service variables have components contributed by the stop or
station and its surrounding environment, components contribubgydhe boardingor alighting

experience, and components contributed by the transit vehicle i{eeHooard experience)

The xistingCMAP CRAMP ABMepresents an dvanced microsimulation platforimtegrated with
CMAP soci@conomic & laneuse data andhetworks It has been successfully applfed highway

pricing studies In the current project, th&ransit sideof the CMAP ABM was substantiallyhancel

and tesed. The project objectives includettorporaion of theStateof-the-Art & Practice inransit
procedures and mode choiegith a primary focus onwpntifiable measures of premium transit services
described abovas well as alidation of the improved model systeagainst available data on transit
ridership The ABM structure that is based owlividual microsimulation represents a veggod

platform for incorporation of these additional attributes.

The CMAP transit model evolved over the course of the project's two phases to include a sophisticated
means of calculating a host of impedancenponents that enter into transit pathuilding and transit

choice. For example, boarding time in the model is in part a function of the number of persons boarding
a vehicle at a given stop. Perceived/@hicle time is a function of actuakiehicle tme, perceptions of
crowding, ability to be productive, vehicle cleanliness, and other factors. The resutigugmodel

sensitive to a wide variety of public agency investment alternatives, service planning choices, and policy
implementations.

1.2. Existing CMAP CTRAMP ABM

The main CRAMP(Coordinated Travel & Regional Activity Modeling Platfaysiem structurdirst
implemented as the CMAP Pricing ABM is showkigarel with the submodelsimproved inthe course
transit modernization highlighteoh green Yellow highlights correspond to the components that were
previously redeveloped for thEricing ABM.
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Figurel: CMAP CRAMP ABM Structure and StNModels in the Focus of Current Project
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Overall, the existing GRAMP structure remaeadthe same for the transit modernization project since it
provides an effective platform for implementation of the planned advanced modeling features.
However, he transitmodernizationsignificantlyaffects mode choice models and transit assignment
procedures includingxplicitchoiceof first boarding and final alighting stations for all transit access sub
modes including Walk to Transit (WPgrkand Ride (PNR) and ké&sd-Ride (KNR) tripsThe entire
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model system was restructured to work with an enhanced level of spatial resolyfi6rf8B19MAZs
(Micro-Analysis Zones) nested within the944TAZs (Traffic Analysis Zones) applied for the Pricing ABM.

1.3. Main Model Improvements in Phase 1 and Phase 2

More ecific translation of technical components listedhe previous section into the work plan

adopted at the beginning of Phase 1 is presente@idhlel. The overall technical approach was to

incorporate the major improvements in transit network procedures (and corresponding new transit

service attributes) as soon as possible in Phase 1 to create the maximum useful platform for Phase 2.

The most prinipal difference between Phases 1 anda2e as follows.In Phase 1he existing zonal

system ofl,944Traffic Analysis Zones (TAZs) is still used through the entire simulation process. In Phase

2, the entire model systerwasrestructured to take advange of a finer level of spatial resolution that

is based 0r16,819Micro Analysis Zones (MAZsn Phase 1, the mode choice model was implemented

Ay | O2y@SyidaArz2zyltt afloStSREIBSESRE L YILNRhe2E WE AL |
instead2 ¥ Y2 RS f10Sta fA1S qo&&dégeSofmuttithobdal frahsit pathR & LINS Y A d:
parameters and characteristics was used. These parameters were further interacted with individual

attributes of transit users where a full advantage of the micrositmaeframework was takenThe

aggregate transit assignment and skimming procedure implemented in EMME was replaced with the
coreTransitVirtual Path BuildingTVPD) procedure that finds the best Virtual Transit Path (VTP) for each
individual from the oigin MAZ to destination MAZ. VTP is defined in terms of three segments: 1) access

from the origin MAZ to the firsboarding Transit Access Point (TAP), 2) ride from theldratding TAP

to final-alighting TAP, 3) egress from the fiadighting TAP to ddination MAZ.

Tablel: Main Model Improvementdor Phases 1 and 2

Model component Phase 1 (June 2012) Phase 2 (June 2013)
Individual membership in | Explicit segmentation by 18 travpkrson | Linking person characteristics with
latent class categories: transit patrcharacterists:
1 2 purposegcommuting vs. 91 Individual propensity to walk
other) 1 Individual class membership
1 3income groups (low, medium, with respect to path type
high) preferences

1 3 age groups (children, younge
adults, older adults)
Single path type is assigned to each
travelperson based on the category ang

VOT
Transit options for each | 27 options (some eliminated): Individualized choice preferences:
TOD period 91 3 line haul modes (conventiona 1 Generic line haul transit
premium, mixed) mode
1 3 access modes (walk, PNR, 1 3 access modes (walk, PNR
KNR) KNR)
1 3 path types (streamlined, 1 3 path types (streamlined,
efficient, convenient) walk aversepremium transit
preferencg
Mode choice 9 modes: 3 fn-telmenl edo modes:
9 3 line haul modes (mventional, 1 Generic line haul transit
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premium, mixed) mode
1 3 access modes (walk, PNR, 1 3 access modes (walk, PNR
KNR) KNR)

Transit assignment and
skimming procedures

9 segments for each TOD:
1 3 line haul modes (conventiona
premium mixed)
1 3 path types (streamlined,
efficient, convenient)

3 stationto-station path types
(streamlinedwalk aversepremium
transit preferengecombined with
individual access and egress
preferences

Assigning and skimming
PNR & KNR

EMME triple-indexcalculations with a
deterministic station choice for each of
segments for each TOD:
1 3 line haul modes (conventiona
premium, mixed)
1 2 access modes (PNR & KNR)
and 2 egress modes (reversed
PNR & KNR)
1 3 path types (streamlined,
efficient, convenient)

Replaced with virtual transit path
building and station type choice:

1 2 access modes (PNR &
KNR) and 2 egress modes
(reversed PNR & KNR)

1 3 path typesdtreamlined,
walk aversepremium transit
preference

TOD periods for transit

3 aggregate periods
1 AM peak
1 MD (off peak)
1 (PMis transposed AM)

8 detailedperiods as for highway
modeling

AM early (6-7am)

AM peak (#9am)

AM late (9-10am)
Midday (10armdpm)

PM early (45 pm)

PM peak (57pm)

PM late (#8pm)

Night (8pm6am)

=4 =4 =4 -4 -8 _a_9a_9

Spatial resolution

1,944TAZs

16,819MAZ s with Virtual Transit
Path (VTP) building
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2. Key Technical Aspects Addressed in Phase 1

2.1. Redefining Transit Modes and Restructuring Mode Choice

The Pricing ABIvhodel includel 2 maintransitmodes (premium and bus) and 2 accesssuaes (walk

and drive) The premium mode included the Metra commuter rail and CTA train services while the bus
Y2RS AyOfdzRSR ff (elLiSa 2F o06dzasSa oft20Ft | yR SELNS
flroStAYyIE LINFOGAOS 6KATS AR AKESYSa2yVBILINBEI ORZ NB
objective and measurable service characteristicsparticular, in Phase 1, our intention was teatea

mode choicestructure that wouldbe close to the final structure adopted for Phase 2.

With respect to acess options, it was decided tatendthe mode choice structuré includethree
access suimodes (walk, RR, WNR)that represent very different choicalternatives. It is also beneficial
in practical terms, since these three soimdes, essentially, repsent different travel markets

Changngthe approach from using labeled line haul modes to using service (path)riggeises some
new definitions of path typesThese path typeareindividualized that is a principal advantage of
microsimulation. This requiral several pathpreferencespecific assignmentsiser classeshstead of
predetermined mode combinations. For egubssible trip (firstooarding TAP and final alighting TAP
pair)we generate3 possiblepathseach of them can include any transit muttodel combination. Each
transit user chooses one path based on the probabilistic ¢tesabership model. This choice is
intertwined with the choice of access and egress options that are completely indivethédiach person
has an individual set of preferences based on his/her age, income, travel purpose and other
characteristics).Thegeneral rules ofelationship between (individual) segmentation and mode choices
structure issummarized ifrable2.

Table2: Relationship between Individual Segmentation and Mode Choice Structure

Model component ¢CNF RAGAZ2YIFE aY2RbSg aLI 0K GeLIS¢ |
approach

Segments Few segments by trip purpose, car| Individual preferences organized into
ownership, income population and travel markets (latent

classes; i.e. probabilistic individual
membership)

Modes considered for each | Fixedset of modes with segment | 1-2 generic modes per access type
segment specific utilities (walk, P&R, K&R) corresponding to pe
types(to keep premium separately)

Route considered for each One path for each mode (normally | 1-2 paths per each segment (class) th;
mode and segment not segmenispecific) follows specific individual preferences

The following mmary of main pattbuilding parametersgachrelated to person classes)as adopted
as the main guidance for Phases 1 and 2
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T Included in mode classification Fhase 1(conventional vs. premium/express)
0 Schedulebased vs.requent
0 Express vs. aditop (stop spacing)
0 Reliable vs. unreliablgnixed traffic, no priority)
o Costinsensitive (higar VOT) vs.ast-sensitive(lower VOT)
T Included in individualTVPBEMAZTARTARMAZ)
o Walk propensity (max and weight) as a function of person age, income, etc
o Convenient waiting (station, plaza/other amenities at stations/information) vs.
inconvenient wait (shelter, pole) / awareness & consideration
Formal parking lovs. informal parking lot for PNR
Convenient access for KNR
Station amenities and commercial activity
0 Station/area safety and cleanliness
T Included in useclassspecific TARO-TAP transit path segment (streamlined, walk averse,
premium transit preference)
o0 Productive seating vs. ngoroductive seating (ofboard amenities)
Direct service vs. transfefsaage
Single transit pass vs. multiple payments
Seatedvs. standingind impacts on productivity
Cleanliness in the vehicles

O O O

O O O ©°

Application of these main paragters for the specific Chicago Metropolitan Regio®hase esulted
in categorization of the transit services into 2 major categagiesnventional and premium as
summarized irmable3. The original intention was to create the following 3 slots in the mode choice:

1 Conventional service,
1 Direct premium service with no conventional service involved as a feeder,
1 Mixed service including premium and cemtional services used for the same trip.

However, the statistical analysis implemented with the available data sources like the recent Household
Travel Survey, 2007 in the Chicago Metropolitan Region has shown a negligible share of mixed services.
This $ an important specific of the Chicago Metropolitan Region that is quite different from such other
metropolitan regions as New York and Los Angeles.

The implemented tour mode choice structure on the transit side includes 4 main modes that are defined

iy | ySgl @a§R2YRe gl e A& NBO2YYSYRSR o0& C¢! FyR Ay i
projects like TCRR#HT G ¢ NI yaAd { SNBAOS&a GKFG ! FFSOG / K2A0S 2
access, 2) Premium transit with walk access, 3)-BadfRde, 4) Kisand-Ride. In Phase 2, where more

advanced individualized path building procedunesre applied, a single generic wali-transit mode

wasused in mode choice.

10
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Table3: GenericTransitMode Definitions andViain Attributes

Attribute Conventional Premium

Service type:

Frequency Frequent(less than 15 min) Schedulebased(15 min+)

Stop spacing All-stop (less than 2 miles) Express (2 miles+)

Reliability Dependent on congestion (mixed | Reliable (right of way, fudlignal
traffic, no signapriority) priority)

Vehicle type:

Seating comfort & convenience [ 26X @0 dzA forlshott @ipsd | A AKX & 6 dfdr forig trips?
temperature control, cleanliness

Onboard productivity Nonproductiveseating Productive seating (choard
amenities WiFi, power outlets,
trays)

Station type:

Size and waiting convenience Shelter, poleexposire to weather | Station, plaza (security, proximity t
services cleanlinessclosed
building

Information Limited route information Realtime arrival/departure
information, route information,
announcements

Transfer convenience May require crossing the street anq General transfer convenience (the

finding the stop same building)

Cost Lower Higher

Examplesn Chicago Region

Clear CTA Local Bus, Pace Local Bus Metra @mmuter Rail

Grey area, adopted for Phase 1 CTA Train CTA Express Bus

Express services (Metra and CTA Express are identified as premium while local bus and CTA rail are
identified as conventional. Pace Express is tentatively identified as premium.

Transit services and fares in the Chicago area represent a continuumaigpather than highly

distinct modes or choices. This fact complicates the identification of premium angreamum modes.

The structure that is described snworkingmemorandum represents one way of distinguishing

premium and norpremium services@S @ LINB YA dzY YSIya GSELINB&a&é 6AGK
2 miles). As we discussed in the telephone call, this means that CTA rail is somewhat awkward because

trains (except the Purple Line) run local with stations that are more closely spaceM#temn(or

express bus stops) but more widely spaced than local bus stops. An argument could be made that CTA

NI Af Ad YdzOK Y2NB &GSELINB&aaé¢ (KIy t20Ff o6dza | yR 2dz
GSELINB&&dE 6SNB OKIWHSR 62d@RYDSESSD2yESRSNBR a SELINB
Another way we could have defined premium is based on fare. This is a very complex subject since the

cost of transfers and the fare impact of mudfperator trips is dependent on the exact fare medium

used. Given the fact that the basic CTA monthly pass is useable on all CTA and Pace local bus services
and given the fact that Pace express services require payment of a surcharge and Metra is completely

11
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separate (and generally more expensive), this satg#hat a definition of premium based on fare can
be defined that is different from the expredssed definition. Under the fare based approach, the
definition of transit modes would change slightly so that CTA Express Bus is part of the conventional
mode while Pace Express service is part of the premium mode.

The bottom line is that there are at least 3 reasonable ways to distinguish local and premium services:

1 Express vs. local with express defined as substantial runs with stop spacing greater thes1 2 mi
(Current approach). This would break service into local bus/local rail vs. express bus/commuter
rail (Note that Metra Electric local trains have a stop spacing under 2 miles but should still be
coded as express since express trains are widely aledatthis line).

9 Express vs. local with express defined as substantial runs with a stop spacing generally equal to 1
mile or more. This would break services into local bus vs. express bus/rail rapid
transit/commuter rail

1 Premium vs. noipremium with diference based on the presence of a premium fare for use of
the service. This would break services into local bus/CTA express bus/CTA rail vs. Metra/Pace
Express Bus

Advantages and disadvantages exist for all approachies.current approach offersavelers on each
zoneto-zone interchange the best chance of seeing multiple choices. For instance, trips from Evanston,
h QI I NB/Dah Ryadtp the Loop will have a choice between Metra and CTA rail. Trips from Hyde
Park or the North Shore to the &p will have a choice between CTA rail and CTA Express bus. The
downside is that in some places, travelers can choose between CTA rail and CTA bus in the real world
and this choice is not preserved in the modeled representation. For the initial modés thiobably
acceptable and thus we should keep the current structure for now.

In Phase 2weconsidereda more advancedoncept of how we build paths. FTA is encouraging us to
consider the possibility that there is really just one transit choice (foheacess mode) but that

different travelers weight these choices differently. To make this approach work, travelers need to be
grouped according to how they select their patlisxamplefeaturesof this approactadopted for Phase

2 include

1 Elderly travéers may prefer to walk a short distance even at the price of taking a slower bus
with more transfers while young travelers may prefer the opposite.

1 Wealthier travelers may prefer an express service at a premium fare while less wealthy
travelers prefer theopposite.

9 Travelers with higher education (correlated with higher income groups) may rank productivity,
i.e. convenience to read or use laptops/tablets on board, as the most desired feature of transit
service.

In Phase 1, we restructured the mode chamsedel to incorporate generic PNR and KNR modes while
we still keep two groups of transit modes with walk access (conventional and premium) separately. A
substantial transformation of the standard ABM structure (and Utility Expression Calculators, in

12
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particular) was required to implement the modified structure as summariz8cbie4. Overall, the

SEAAGAYI n

Y2RS

Gat 204 s chareuBigndicadii

o dzi

Table4: Transformation of Transit Modes and Associated Modifications inRAAMP Structure.

Transit modes as
previously defined

Transit modes as defined
in the new structure

Principal modificationd Phasel

Walk to bus (CTA local
bus, Pace local bus, CT
express bus)

Walk to conventional
transit (CTA local bus, Pag
local bus, CTA train)

Change in the subset of modes and
corresponding network references,
recalibration of mode specific constants for
each segment (travel purpose)

Drive to bus (CTA local
bus, Pace local bus, CT|
express bus)

KNR (CTA local bus, Pace
local bus, CTA exprelsss,
CTA train, Metra commute
rail)

Change in the subset of modes and
corresponding network references, change
the mode availability settings (KNR is
available to every person of the age of 8
years or older, and is allowed at any
station/stop), recalilbation of mode specific
constants for each segment (travel purpose

Walk to premium transit
(CTA train, Metra
commuter rail)

Walk to premium transit
(CTA express bus, Metra
commuter rail)

Change in the subset of modes and
corresponding network references
recalibration of mode specific constants for
each segment (travel purpose)

Drive to premium transit
(CTA train, Metra
commuter rail)

PNR (CTA local bus, Pace
local bus, CTA express bu
CTA train, Metra commute
rail)

Change in the subset of modes and
corresponding network references, change
the mode availability settings (PNR is
available to adults with driver license,
households with at least 1 car, and at
stations/stops with designated parking
capacity), recalibration of mode specific
constants fo each segment (travel purpose

GKSANI O2y (S

2.2.  Premium Transit Attributes  Affecting Mode Choice

If non-labeled formulatioris adopted the(RA F FSNBYy OS 06Si 4SSy &adzOK OF G§S32NA
anda t NB YNJIdz¥has o be explained by measurable attribsitéEventually, by using actual service

attributes and assuming that this set captures the main transit characteristics perceived by the user, we

could completely avoid predetermined mode choice slots and operate with a generic transit service. In

order to operationalize this approach the following particular transit service characteristics were

considered:

1 Premium transit features and corresponding measures:

13
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o Onboard/vehiclecharacteristics such agating availability, temperature, productivjty
etc; thesecharacteristicaffect perception ofin-vehicletime (findings of the TCRP
Project H37); dgnificant interactions between vehicle type and transivighicle time
coefficients were foundh the Portland studyLRT irvehicle time equivalent to
approximately85% of Local Blus-vehicle timg.

0 Stop/station designperceptions of wait timgweight)due to stop characteristics
Stop/station typed & Cdzf t I YSWA 8 R & & §ig icnoakit $of tiarSmeiting
as far as for first boarding & LIS OA | £ £ & T tahstesaveiddStiansit ubeysS N& £
as was found in the Portland Studg. A G GAYS | i o proéditobe YSY A GA S A
approXmately88% of waitat Pole2 I A i G A Y S\{ B Epipéed t 1%t G S NJ
approXmately93% of Pole

0 Sevice type (reliability, frequengyease of payment, ease of boarding)

o Total equivalent of all addition@remiumattributes proved to be significant 25 min
on the averagéTCRP 137).

Span of the service is naturally accounted in tbased frameworkLess thar60% of
commuters commute in AM/PM peak period combinatidviore than40% of commuters
experience lowfrequency transit service at least on one of the commuting legs.
Pedestrian environment factaybased on number of census blocks per quagection (MAZ);
it is used to calculate differential walk access/egress weightastpplied inthe Chicago 4tep
model developed for the FTA New Start analystavoways:

0 Used to compute walk weight as function of pedestrian environménb in CBRo 3.0
in exurban areagmode choice and transit assignment)

0 Used as element ahode choicdisutility function Later model versions applied a
direct linear factor separately for the production and attraction zone

Sociedemographic similarity index (anégome incompatibility measure) at a mode or route level
wasneeded to reflect on the fact that the individual decision is influenced by the mix of other
passengers. Homogeneous (highome) OD pairs have a better chance for transit than
heterogeneous OIpairs where highincome rideramayperceive the other population segments
negatively:

0 Average transit modsharesby income group can be used as social feedbacks to
individual choices

o Income mix (presence of Ieimcome riders) can be calculated by trarsggments or as
and OD skim to use in mode choice and transit assignment for medium and high
incomes.

Mode compatibilitywith respect totransit pass is important for allowing different
modes/services to be used for the same trip, tour, and by the samsppe Transit cost
structure and free/discount transfer policy is an important factor that has to be taken into
account when the transit cost is skimmed.

Transit cost should be scaled based on the person type and transit pass hdldingitpass
holders as well as person types that have individual discounts (school children, college &
university students, retirees) do not experience the entire siigfecost.

14
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2.3. Transit Network Preparation, Assignment,and Skimming Procedures

Completely newransit assignmenproceduresn Phase ivere developed toeplace static transit skims

usedin the Pricing ABMTransitproceduresn EMME fullysupportthe adoptedmode choicestructure.
These procedures incorporated a wide set of stmmventional trani service attributes beyond the
standard time and cost components. The following main aspects were considered

9 Address 8 TOD periods that are used by thdRBMP systemnpcorporate recent work on TOD
transit networks based on Google Transit Feeds (GTFS

1 ApplyStrategy Transit Assignment with Variants (51B2} is a new option available with EMME

3.4 (tested in the Portland Study):
o Cost attributes can be specified for boardingyéhicle, and auxiliary transit time
components
0 Perception factor of edcrtime and cost component can be elemesgecific
o Time and cost matrices can be saved separately
1 Consider the following additional attributes:
0 Station type and amenities:

> > > > P

A

Station, plaza, shelter, pole

Realtime info

Station/stop security

Proximity toservices (coffee, shop)

Cleanliness

Park and Ride capacity and cost (formal vs. informal/street)

0 Vehicle type and amenities dummies:

A
A
A
A

Onboard seating comfort

Onboard temperature control

Cleanliness

Productivity features (Wi, power outlets, trays)

Seaing availability modeled explicitly by crowding functions

1 onsiderseveralstationsfor PNR and KNR.he way it was implemented in th@&hicago Area
New Starts model is as follows:
o Parking zone with neaero offstreet parkride parking and thehortest ighway time
between the origin and that parking zone is identified and weighted at 1.0
o0 Travel time to all other potential parking zones is weighted at 1.0 times the time to
nearest parking zone plus 2.5 times the additional travel time to the other qarki

zones
1 Some important details for combined transit services in the Chicago metropolitan area should

be taken into account:

o Private bus systems offering feeder connectivity in suburban areas; towhabigd
dial/calta-ride
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0 Pace feeder bus service tital Metra stations and timed to @nmuter Rail arrivals
(short transfer wait times)

2.4. Adopted Parameters for Transit Path Building

Initial set of parameters and weights adopted for Phase 1 is present&dbite5. In general, initial
weightswere proposedbased on the past experiencé-inal weights depend on which approaches
calibrate best.The weights used to generate shortest padre passed orto the choice models so that
the choice models and the network/path finding models are consistently valuing each component of
travel.

Theproject team also identified a need to updadransit vehicle typessed in the existing transit

network codingthat define (among other things) the unit (bus or train) capacity. Given the way that
EMMEcomputes capacity, rail modes should be coded with the train capacity rather than the car

capacity. Train capacity should be coded based on the maximum feasikistdength (number of cars

per train) rather than the actual consist lengths. In general, rail schedulers provide just enough cars to

cover the demand (up to the maximum allowed by the infrastructure). Just because a train is operated

with 4 carstodaR 2 Say Qd YSIy GKIFG AG Aa GKS OF LI OAGE fAYAQ
extended if demand grew to require more carEhese improvements are essential for Phase 2 where

capacity constraining and crowding functions are applied.

All transit assignment and network procedures were completely updated to incorporate a large number

of additional attributes including vehicle, station, and service characteristics and tested. This procedure

is based on the advance features incorporatedhie latest version of EMME (3.4.3) that includes
GOEGSYRSR ¢NIryaAd !'aaArdayyYSyid 6AGK £ NAlFy(Gaéo / al
and vehicle characteristics) and the PB/RSG team specified default values for all parameters except for

the reliability components.

The skims for transit LOS attributes are fed to theREAMP mode choice model. The skims are
calculated based on the new advanced methods that take into account combinations of several transit
lines in the optimal strateggs shown schematically below. Some transit LOS components are handled
through the combined frequency technigue while some other ones through the embedded logit route
choice. Each line obtains a share in the optimal strategy that is used to weigh tharidb&s of

different lines.
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Table5: Initial Setting of Transit Path Parameters

Path Component

Parameter

Weight

Wait time

£ NAFO6fS GaLt AyS FdzyOla
function of headway (1/2 of short headway and % (
less) of headways more than 10 minutes. Same cu
should be applied for all modes.

HOp FT2NJ all2f S¢
Potential reductions can be
tested for other stop types
down to 1.5 for stations. This
relationship should be tested
to determine which weigts
generate the best assignment;
and require the smallest mode
specific constants

Boarding time

Node based parameter that reflects both real time
required to travel from street to platform (or
platform to platform) plus perceived penalty
associated withmaking a transfer. For most bus
stops the former quantity is O while most stations ¢
be coded with 1 minute. Large Metra terminal
stations should be 2 minutes. The initial value for t
perceived penalty (on top of the real times) should
2 minutes. Thus total times are as follows:

1 Bus stops 2 minutes

1 Most rail stations or bus transfer facilities 3

minutes
9 Large terminal stations 4 minutes.

2.5

Boarding Cost

CMAP representation of the statiespecific
component of fare.

Consistent with initiaéstimate
of value of time in GRAMP

In-vehicle time

Weighted representation of kwehicle time to
account for more productive use of time in some
modes. Code premium time as 0.85 times actual
running time. Conventional time is coded as equal
actualrunning time.

1.0 (if the new version of
emme can weight different
modes differently, then the
weights can be moved from
the parameter column to the
weight column)

In-vehicle Cost

CMAP representation of imehicle portion of cost

Consistent with initial stimate
of value of time in GRAMP

Auxiliary Time

Walking time weighted as follows:
1.5 for urban areas with a PEF greater thar
50 and 3.0 for a PEF less than 30. The
adjustment factor between 30 and 50 is
linearly interpolated between 1.5 and 3.0.

1.0 (input time preweighted)

Auxiliary Cost

Consistent with initial estimate
of value of time in GRAMP

An example of the parameters setting for Premium Transit with walk access is shown below. In the

same way all details were finalized and codedthe other three transit modes: Conventional Transit

with walk access, Park and Ride, and Kiss and Ride. Skimming for Park and Ride and Kiss and Ride modes

included matrix convolution process with choice of the boarding transit station to address Wtth a

access and main transit line haul legs of the trip. In the example below, in the left column we present
the actual options chosen at each stages of the procedure while in the right column we present the

explanation of the option with the other possibthoices supported by the current assignment and
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skimming algorithm. All user defined parameters are set in the control section of the script based on
the previous discussions.

Table6: Example of Transit Path Building for Premiulransit with Walk Access

EMME script command Comment and other possible choices

5.32 Extended transit assignment

2 1=optimal strategies, 2=strategies with variants

~?09=2 Branching condition

1 1=save volumes as hew assignme@atadd volumes to
existing asignment

mf278 Demand matrix

BCPLuvxybcrEQMmwztd Transit and auxiliary modes used in path building

2 Handle connectoto-connector path: 1=allow

(standard), 2=prohibit (assign to another path),
3=prohibit (do notassign)

1 Prohibit connectotto-connector paths: 1=everywhere
2=based on node attribute
2 Distribute flow between connectors based on: 1=on

the best (standard), 2=transit time (logit}53-user
defined proportions

0.2 Scale parameteior logit split between walk access
links to first boarding stops

0.05 Truncation/cutoff parameteto eliminate low
probability alternatives

2 Distribute flow between attractive lines at stops by:

1=frequency (standard), 2=frequency and trartisne
to destination

1 Use frequency and transit time to destination:
1=everywhere, 2=based on node attribute

3 Source for effective headways: 1=actual line heawad
2=userdefined line attribute, 3=usedefined segment
attribute

@hdwef Effective headway multiplied by the fraction to get

wait time, calculated based on the servispecific
(nonlinear) wait time functions of headway

1 Headway fraction (already accounted in effective
headway)

1 Spread factor (mitiplied on peception factor)

@wconv Wait time perception factoby 5 station types
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EMME script command

Comment and other possible choices

2 Source for boarding times: 1=same value for entire
network, 2=nodespedfic, 3=linespecific, 4=node and
line specific

@timbo Node attribute containing boarding time (Bystation
types) mutiplied by perception factor

1.00 Node boarding time perception factor (included in
weighted boarding time)

3 Source for boarding cost: 1=same value for entire
network, 2=nodespecific, 3=linespecific, 4=node and
line specific

utl Line attribute containg boarding cost, cents

%r52% Userdefined Ine boarding cost perception factor
(1/VOT, min/cent)

@ivtpf UserdefinedIn-vehicle time perception factor (mode
vehiclespecific convenience by line)

@zfare Attribute containing invehicle cost (incremental zone
fare by segment)

%r52% In-vehicle cost perception factor (1/VOT, min/cent)

@pefli Auxiliary transit time perception factor (PEF by link)
scaled between 1 (best pedestrian conditions) and !
(worst pedestriarconditions)

ull Attribute containing auxiliary transit cost (transfer
discount)

0 Auxiliary transit cost perception factor (transfer
discount is not used in path building but can be
skimmed)

2 Send reports to pnter

6.27 Analysis for extended transit assignment

~/ Section separator forkims that include all
conventional modes

1 1=matrix, 2=network, 3=other, 4=usdefined,
5=strategy and transit path details, 6=summary stat
7=end

1 1=total transitimpedance, 2=time component, 3=cog
components, 4=distance, 5=number of boardings

mf245 Matrix to hold total transit impedance for P&R

convolution

~+|~?g=1|y|PrWtot|Conv_Prem_Total_Per%2%|y|99¢

Matrix naming details for total transit impedance

y

More matrix skims to process?

19



CMAP Transit Mvdernization ABM

EMME script command

Comment and other possible choices

2 1=total transit impedance, 2=time component, 3=co
components, 4=distance, 5=number of boardings

5 1=first wait, 2=total wait, 3=first boarding time,
4=total boarding time, 5=ivehicle time, 6=auxiliary
time

mf250 Matrix to hold irvehicle time (total)

~+|~?g=1|y|PrWivt|Prem_Walk_IVT_Per%2%]|y|0 Matrix naming details for total krehicle time

y More matrix skims to process?

2 1=total transit impedance, 2=time component, 3=co
components4=distance, 5=number of boardings

2 1=first wait, 2=total wait, 3=first boarding time,
4=total boarding time, 5=iwehicle time, 6=auxiliary
time

mf394 Matrix to hold total waiting time

~+|~?g=1]y|PrWwai|Prem_Walk_Wait_Per%2%l|y|0 | Matrix namingdetails for wait time

y More matrix skims to process?

2 1=total transit impedance, 2=time component, 3=co
components, 4=distance, 5=number of boardings

6 1=first wait, 2=total wait, 3=first boarding time,
4=total boarding time5=invehicle time, 6=auxiliary
time

mf395 Matrix to hold auxiliary time

~+|~?g=1]y|PrWwal|Prem_Walk_Walk_Per%2%]y|0 | Matrix naming details for walk time

y More matrix skims to process?

5 1=total transit impedance, 2=time component, 3=co
components, 4=distance, 5=number of boardings

mf396 Matrix to hold number of boardings

~+|~?g=1]y|PrWboa|Prem_Walk_Boar_Per%2%|y|0 | Matrix naming details for number of boardings

y More matrix skims to process?

3 1=total transit impedance2=time component, 3=cost
components, 4=distance, 5=number of boardings

1 1=first boarding cost, 2=total boarding cost, 3=in
vehicle cost, 4=auxiliary transit cost

mf246 Matrix to hold initial boarding fares

~+|~?g=1]y|PrWifa|Prem_Walk_InFa_Per%2%l]y|0 Matrix naming details for initial fares

y More matrix skims to process?

3 1=total transit impedance, 2=time component, 3=co
components, 4=distance, 5=number of boardings

3 1=first boardingcost, 2=total boarding cost, 3=in

vehicle cost, 4=auxiliary transit cost
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EMME script command

Comment and other possible choices

mf247

Matrix to hold irvehicle cost (incremental zone trans
fares)

~+|~?g=1|y|PrWzfa|Prem_Walk_ZoFa Per%2%l]y|0

Matrix naming details for incremental zonal fares

y More matrix skims to process?

3 1=total transit impedance, 2=time component, 3=co
components, 4=distance, 5=number of boardings

4 1=first boarding cost, 2=total boarding cost, 3=in
vehicle cost, 4=auxiliary transit cost

mf248 Matrix to hold auxiliary cost (transfer link fare

discounts)

~+|~?g=1]y|Prwdis|Prem_Walk_Disc_Per%2%l|y|0

Matrix naming details for incremental zonal fares

N

More matrix skims to process?

1 What to skim:1=actual components, 2=perceived
components

* Active modes to skim

2 Send results to ginter

~/ Section separator for skims that includaeviehicle
time and number of boarding for bus modes only

1 1=matrix, 2=network, 3=other, 4=usdefined,
5=strategy and transit path details, 6=somary stats,
7=end

2 1=total transit impedance, 2=time component, 3=co
components, 4=distance, 5=number of boardings

5 1=first wait, 2=total wait, 3=first boarding time,
4=total boarding time, 5=iwehicle time, 6=auxiliary
time

mf251 Matrix to hold invehicle time (bus)

~+|~?g=1]y|PrWivb|Prem_Walk_IVTb_Per%2%ly|0 | Matrix naming details for bus iwehicle time

y More matrix skims to process?

5 1=total transit impedance, 2=time component, 3=co
components, 4=distance, 5=numbefrboardings

mf249 Matrix to hold number of bus boardings

~+|~?g=1]y|PrwWbob|Prem_Walk_Boab_Per%2%]y|0

Matrix naming details for bus boardings

More matrix skims to process?

1 What to skim:1=actual components, 2=perceived
components

BPLEQ Active modes to skim

2 Send results to finter

Section separator for skims that includaeviehicle
time for PremiumTransit(Express bus and Metra rail
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EMME script command

Comment and other possible choices

1

1=matrix, 2=network, 3=other, 4=usdefined,
5=strategy and transit pathedails, 6=summary stats,
7=end

1=total transit impedance, 2=time component, 3=co
components, 4=distance, 5=number of boardings

1=first wait, 2=total wait, 3=first boarding time,
4=total boarding time, 5=ivehicle time, 6=auxiliary
time

mf391

Matrix to hold irvehicle time (Premium)

~+|~?g=1]y|PrWivp|Prem_Walk_IVTp_Per%2%]|y|0

Matrix naming details for premium 4ivehicle time

More matrix skims to process?

1 What to skim:1=actual components, 2=perceived
components

MEQ Active modes to skim

2 Send results to finter

~/ Section separator for skims that includeviehicle
time for Local bus

1 1=matrix, 2=network, 3=other, 4=usdefined,
5=strategy and transit path details, 6=summary stat
7=end

2 1=total transit impedance, 2=time component, 3=co
components, 4=distance, 5=number of boardings

5 1=first wait, 2=total wait, 3=first boarding time,
4=total boarding time, 5=ivehicle time, 6=auxiliary
time

mf392 Matrix to holdin-vehicle time (Local Bus)

~+|~?g=1]y|PrWivb|Prem_Walk_IVTb_Per%2%]|y|0

Matrix naming details for local bus-irehicle time

More matrix skims to process?

1 What to skim:1=actual components, 2=perceived
components

BPL Active modes to skim

2 Send results to ginter

~/ Section separator for skims that includeviehicle
time for CTA train

1 1=matrix, 2=network, 3=other, 4=usdefined,
5=strategy and transit path details, 6=summary stat
7=end

2 1=total transitimpedance, 2=time component, 3=cog

components, 4=distance, 5=number of boardings
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EMME script command Comment and other possible choices

5 1=first wait, 2=total wait, 3=first boarding time,
4=total boarding time, 5=iwehicle time, 6=auxiliary
time

mf393 Matrix to hold irvehicle time (CTA)

~+|~?cF1|y|PrWivc|Prem_Walk_IVTc_Per%2%]|y|0 Matrix naming details for CTA-ughicle time

n More matrix skims to process?

1 What to skim:1=actual components, 2=perceived
components

C Active modes to skim

2 Send results to finter

Q Finishthe operation

2.5. Specifics of Kiss-and-Ride (KNR) Mode

KNR represents a special transit option that is associated with speoifie oinoiceeffectsand path

choice effects that have to be properly incorporated and distinguished from PNR. That was the primary
reason to consider PNR and KNR as separate modes rather than combine them together (that is a
prevailing practice). Different from PNR\Rransit itinerary igrequentlyasymmetrical because of the
difficulty in coordinating return arrival times. Cell phones, however, have significantly improved the
ability of coordinating return arrival times, even for childrd@NR users will tp obviae a transfer is

very appealing if the intrlousehold pattern supports it; eitherthe dreép¥ ¥ LR AYy G A& 2y 3
planned route, the vehicle is committed to another use during the day, or parking at theodirppint

is unavailable Thisjustifiesa separate setting of transfer penalties for KbiRpared to WT. This is

also behaviorally appealing for PNR.

There are also severaafh choiceeffects(i.e. KNR station/stop choigehat have to be taken into
account. It was recommendedb correlate KNR station choiceith stop type as follows:

T [FNBS wlAf ¢ S K¥RAgSslikelysingeRatorcgbriotlgétBonveniently close tthe
boarding point.

1 Rail Station and Bus PlakNRs nore likely sincedesign often includes auto pullouts for this
purpose alsoschedules are typically more reliable at these locations.

1 Shelter and PoleKNR iginlikelysincethere arelittle drop-off design accommodation and less
predictable schedule advantage.

Additiondly, it wasrecommendedo correlatePNR station/stop choiceith area type grouped (by
color) asshown inTable7.
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Table7: Area Type Claggation for KNR Convenience

1=inside Chicago CBD (2009 subzones 1-47)

2=inside remainder of Chicago central area (2009 subzones 48-80)
3=inside remainder of Chicago (2009 subzones 81-976)

4=inside inner suburbs where Chicago street grid is generally maintained
5=remainder of lllinois portion of the Chicago Urbanized Area

6=Indiana portion of the Chicago Urbanized Area

7=other Urbanized Areas and Urban Clusters within the CMAP Metropolitan Planning area
plus other Urbanized Areas in northeastern lllinois

8=other Urbanized Areas and Urban Clusters in northwestern Indiana
9=remainder of CMAP Metropolitan Planning Area

10=remainder of Lake County Indiana (rural)

11=external area

99=points of entry

The PNRonvenience angrobability relates to the area type as follows:
1 1= Less likely. Driving in the downtown area is difficfisociate perceptional penalty is 10
min.

1 2-4 = Likely from the path choice perspective. RjGth of transit service available. Free parking

is scarce. Associate perceptional penalty is 0 min.

1 5-8 = Somewhat likely from the mode choice perspective. In combination with accommodations

at stations or plazasAssociate perceptional penalty is 5Smi
1 9= Lesslikely. Infrequent service and unsupportive transit amen#iesociate perceptional
penalty is 8 min.

With respect to the regulation rules, KNgnot officially prohibited by any of the transit agenciéscal

government may restrict dipoffs at specific locations for safety or traffic management, usually through

signage and citation. This would requanreadditional network inventory.

2.6. Hardware and Software Setting for Model Validation & Calibration
The following aspects of hardware asaftware settings were addressed:

1 All mode choice adjustmentdescribed above and related linkages to other-sutdels were
implemented in the core GRAMP software.

1 Alltransit proceduregassignmentand skimminywere implemented using the Macro script
language. For Phase 2 EMME Modelenyd?e used for all newly developed components

1 The entire seup including the GRAMP core model integrated with EMME transit and highway
procedures was delivered to CMABampling strategyrotocolfor calibration runsvas established
(20% to save on run times)
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3. Model Validation & Calibration in Phase 1

3.1. Validation & Calibration Targets
The following aspects of model validation and corresponding sources of infornvédi@considered:

1 Threemain kvekof geography(CBD, CTA service area, remainder of regiompssential.
1 Modes / lines summarielsy Premium vs. Conventional services
9 For Phasd the following main validation dimensions were adopt@&dtal Boardings bigremium vs.
Conventional services (i.e. Rail vs. BBgptabulated by interchanges between two services (i.e.
transfers) and geography (i.e. cordon).
1 2002 Metra OrigirDestination Survey:
1 65,000 Metra customers
9 Used to create the Metra portion of th#ear 2000 transit trip tables
1 2000 Census Transportation Planning Package (CTPP)
1 Used to generate the HBW person trip table
1 Transit flows are used to prepare ndvietra elements of Year 2000 HBW transit trip table
for validation and calibration.
1 2007Household Travel SurvéMTS)
9 All trip purposes in trip and tour format; rich set of person and household characteristics
1 Relatively small size.
1 Futureyear forecast for some meaningful scenarios is necessayaluatethe modelin Phase 2.

Transit calibration targetaere developed from orboard surveys (CTA and Metra). Missing data on
transit ridershipwere developed from theexpandedHTS.Two sets of calibration targetgere
developed: Linked transit trips/tours for calibration of tand trip-based mode choice models and
unlinked trips for assessment of assignment results.

Linked trips include the same stratifications as used in the mode choice models (i.e., purposgsand
segmentclass). Linked trip analysis conesettiata that isorganized in the surveys as unlinked transit
trips (i.e., boardings) into linked transit trips (origin to destination) and to@wnversion to linked
transit tripswas done basedn the transit trip record to infer the number of boardings incurred during
the course of the trip (Metra and CTA surveys contain this information. The sutideyst contain
information to exactly convert trip records to tour records but a reasonabfg@pmationwas applied
dividing homebased linked trips by two and ndrome based linked trips by three. This assumption
wasadditionallytested and refined by examining the HTS dataset.

Survey derived linked trip and tour datgere organized as a prodtion zoneto-attraction zone trip (or
tour) table. This alloed for aneasy conversion to distritb-district tables for actual calibration and
validation which can evolve over time as early calibration results are reviewed. Aazaore linked

trip table has the additional advantage that it can be assigned to the networks to help with QA/QC on
the networks and to confirm path building parameters.
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Two types of districtsvere used A simple set of districtsasdefined for purposes of developing mode
specific constants:

CBD
Urban
Suburban
Exurban

=A =4 =4 =

These areawere defined based on a quantitative meassieensity andCMAP Pedestrian Environment
Factor) and generatka 4x4 table, eachotentially having its own (but related to its neighbors in a
meaningfu way) set of modespecific constants. For validation, a more detailed district structtae
used to confirm that the underlying model properly represents regional variations in transit trael.
structureused in the validation process most frequgnithcludedl16x16 table defined as follows:

1 CBD

M1 Urban
o North
0 Northwest
0 West
0 Southwest
0 South

1 Suburban
o0 North
0 Northwest
0 West
0 Southwest
0 South

91 Exurban
o North
0 Northwest
0 West
0 Southwest
0 South

This tablewasused to compare modeled trips to survey trips and to identify locations where the model
results are significantly at variance from observed totals. Calibratammot performed at this level

since 1&16 constants would ovespecify the model Insteadsignificantdiscrepanciesvere studied on

a caseby-case basis to determine what, if any, corrective action is warrantedhase 1, essentially

only the constats for the CBD destination were enabled.

Unlinked transit boarding&ere also organized tallow assignment results (boardings) to be compared
to observed data. Assignment and survey boardimge separately reported for each modetgment
(purpose sociceconomicgroup,transitmode, and TOD)This stratification providd helpful
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information regarding the elements of the model that are or are not working well and will confirm
simulated transfer rates for each segment.

The comparison of modeled and observed transit boardings by stratfillae performedin Phase 2or
groups of 510 stationsdo ¢ & G GA 2y 3ANRdzLJA£€ 0 | YR 0dza NRdziS& &aSNIBAy
Transit assignments never accurately estimate reatestation levelridership and the validation should

concentrate on replicating observed ridership at a level of détail can be realistically achieved.

3.2. Validation & Calibration Results

The new transit procedures were integrated into the CMAFRRBWP model system. This included

transit assignment and skimming macros implemented in EMME macro scripting language for 4 transit
modes (1=conventional transit with walk access, 2=premium travih walk access, 3=park and ride,
4=kiss and ride) as well all required modifications to thd(RBMP mode choice models (televel and
trip-level) and Utility Expression Calculators. The modifications included new matrix references for the
extended séof skims and new mode availability rules with respect to set of modes available for
Premium and Conventional services as well as generic Park and Ride and Kiss and Ride. All transit
assignment and network procedures were completely updated to incorpaadarge number of

additional attributes including vehicle, station, and service characteristics and tested. This procedure is
based on the advance features incorporated in the latest version of EMME (3.4.3) that includes
GOEGSYRSR ¢ NIy Al NJaIAVBYEYS Y i A

The skims for transit LOS attributes are fed to the(RBAAMP mode choice model. The skims are

calculated based on the new advanced methods that take into account combinations of several transit
lines in the optimal strategy as shown scheroally below. Some transit LOS components are handled
through the combined frequency technigue while some other ones through the embedded logit route
choice. Each line obtains a share in the optimal strategy that is used to weigh the LOS variables of
different lines. Transit procedures were currently implemented for two representative periods: 3 (AM
peak) and 5 (Midday), for testing the new methodology and procedures. The corresponding skims are
used to construct levedf-service variables for all perisd For example, the PM peak period is currently
using transposed AM peak skims. The improvements to the transit procedures and mode choice model
resulted in a much better match to the observed data. Below are examples of comparison of the model
output a the tour level to the observed data (targets) by 2 main tour purposes (work andvodk), 4

transit modes (1=conventional transit with walk access, 2=premium transit with walk access, 3=park and
ride, 4=kiss and ride), and 25x25 origin and destinatistridts. As an example in this report, we

compare the model output to the expanded Household Travel Survey, @86&Table8-Tablel5.

Similar comparisons were made to all other available sources (CTPP jtonweyk table as well as

Metra, CTA, and PACE-board surveys)
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Table8: Comparison oModel Output to the Expanded Household Travel Surveyork Tours, Conventional Transit with Walk AccesgPhase 1)

TARGETS WORK WK CONV 1s [~
Origin Destination Sector

Sector 1 2N 2NW__2WNW__ 2W _ 2WSW__ 2SW 25 3N 3NW__3WNW__ 3W _ 3WSW__ 3SW___ 3S XWI XIL 3IN XIN | 4NW 4N 4WNW___ 4w ___ 4wsw| 4sw | Total
1 63172 1,950 - - 280 2216] 280 709 - - - - - - - - - - - - - - - - - 68,607
2N 95466| 85325 1,907 1598 955 - 1064] 2668 2012 - 637 - - - - - - - - - - - - - - 141,631
2NW 25354| 1,730 1,884 5886 487 - - - 297 - 2,407 - - - - - - - - - - - - - - 37,995
2WNW 7,814 - 1171 2122| 2580 - - - - 1,404 - - - - - - - - - - - - - - - 15,001
2w 19,301 - 1314] 1119] 1082 839 856 56 - - - - - 194 - - - - - - - - - - - 24,762
2WSW 7970 1,010 - - 3368|5318 1831 - - - - - - - - - - - - - - - - - - 19,492
25W 41,193] 851| 3,188 - - - 6,942 2,019 - 546 - - - - - - - - - - - - - - - 54,738
25 37561  1,694] 745 - 2322|  943| 4232| 25014 - 451 140 175 - 505 745 - - - - - - - - - - 74,527
3N 1,015 71 - - - - - - 574 73 - - - - - - - - - - - - - - - 1,732
3NW 92 - - - - 73 - - - = - - - - - - - - - - - - - - - 164
3w 285 - - - - - - - - - - - 2,474 - - - - - - - - - - - - 2,759
3WswW 142 - - - 4,488 - - - - - - - = - - - - - - - - - - - - 4,630
3swW 946 - - - - - - - - - - - - = - - - - - - - - - - - 946
3s - - - - - - 852 513 - - - - - - 1,025 - - - - - - - - - - 2,390
3N 186 - - - - - - 207 - - - - - 301 - - - 1674 - - - - - - - 2,368
XIN - 73 - - - - - - - - - - - - - - - - 124 - - - - - - 197
AW 153 - - 87 - - - - - - - - - - - - - - - = - - - - - 240
an - - - - - - - - - - - - - - - - - - - 3317|4416 - - - - 7,734
AWNW - - - - - - - - - - - - - - - - - - - - - 1,141 - - - 1,141

aw - - - - - - - - - - - - - - - - - - - - - - = - - -

2WsW - - - - - - - - - - - - - - - - - - - - - - - = - .

45w - - - - - - - - - - - - - - - - - - - - - - - - = .
Total 300,648] 42,703| 10,159] 10,813 15562] 9,384| 16,057 31,185 2,882| 2,473| 3,184 175] 2474 1,000 1,770 - - 1674 124| 3317] 4416] 1,141 - - - 461,144

MODEL OUTPUT WORK WK CONV
Origin Destination Sector

Sector, 1 2N 2NW__2WNW__ 2W _ 2WSW__ 2SW 25 3N 3NW__3WNW__3W _ 3WSW __3SW ___ 3S XWI XIL 3IN XIN | 4NW 4N 4WNW 4w 4wsw| 4sw | Total
1 24025 2,065 10255 445 1,010 1090] 1,285 710 60 40 25 145 25 10 B - - B B 5 5 B - - B 32,200
2N 57070 24815 9415 1180 1265 665 635 935| 1645 355 360 175 10 25 5 - - - - 115 205 - - - - 98,875
2NW 19,030 5565 12,845 2,150 2,130] 685 275 270 665 780 560 205 50 10 5 - - - - 180 100 - - - - 45,005
2WNW 10085 1,665| 4,000| 2895 2870 810 345 165 190 115 175 335 %0 5 - - - - - 35 25 - - - - 23,395
2w 14230] 865 2115 1565 6265 2185 680 275 75 5 160] 1200 225 35 - - - - - - 35 - - - - 29,955
2WSW 11370] 440 965 570| 3,235 3,725 2,055 305 5 25 120 795 255 60 - - - - - 10 - - - - - 23,935
2SW 20,020 550 550 320| 1,625| 2,370] 10,000 3,450 35 10 55 240 70 925 55 - - 5 - 5 5 - - - - 40,290
25 31,940] 1,360 1,100 185 940| 1,260 5995| 21,490 25 20 20 200 85 960 580 - - 150 - - - - - - - 66,310
an 490 635 285 10 25 - 5 - 560 105 55 - - - - - - - - 25 110 - - - - 2,305
3NW 135 265 990 40 20 - 5 - 285| 1,255 500 45 10 - - - - - - 225 75 5 - - - 3,855
3WNW 50 20 205 40 20 5 - - 10 70 330 165 40 - - - - - - - - - - - - 955
3w 435 5 110 45 375 80 20 5 5 - 135| d770 715 - - - - - - - - - - - - 3,700
3WsSW 35 - 10 5 120 50 5 - - 10 25 610| 1,820 5 - - - - - - - - - 10 5 2,710
3swW 1,215 35 - 30 155 155 1,055 645 - - - %0 15[ 1140 125 - - 5 - - - - - - - 4,665
3s 375 25 5 - 15 - 75 890 - - - 5 10 135| 1,080 - - 15 - - - - - - - 2,630
3IN 30 - - - - - 5 100 - - - - - 15 30 - - - - - - - - - - 180
AW 5 10 5 - - - - - 55 %0 5 - - - - - - - - 695 150 - - - - 1,055
aN 45 25 30 - - - - - 110 15 - - - - - - - - - 365| 1,595 - - - - 2,185
AWNW 5 - 55 5 5 - - - 15 75 85 5 5 - - - - - - - - 925 15 - - 1,195
aw - - - - - - - - - 5 5 - 10 - - - - - - - - 25 85 50 - 180
4WswW - - - - 5 - - - - - - 45 475 - - - - - - - - 40 105 1275 - 1,945
45w - - - - 10 10 15 15 - - - 55 140 100 5 - - - - - - - - - 1,300 1,650
Total 190,590 38,345 33,570 8,985] 20,090] 13,090] 22,455] 29,255] 3,740| 3,015| 2,615| 6,085 4,050 3,425 1,885 - - 175 - 1,660] 2,305] 995 205 1,335 1,305| 889,175
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Table9: Comparison oModel Output to the Expanded Household Travel Surveyon-work tours, Conventional Transit with Walk AccesgPhase 1)

TARGETS NON-WORK WK CONV ws  [+]
Origin Destination Sector
Sector 1 2N 2NW__2WNW__ 2W  2WSW__ 2SW 25 3N 3NW__3WNW__ 3W _ 3WSW__ 3SW___ 3S XWI XIL 3IN XIN | 4NW___ 4N 4WNW__ 4w 4wsw| asw | Total
1 57,463 2,147 - 1425 5,748 346 904] 3328 285 - - - - - - - - - - 6,702 - - - - - 78,348
2N 27,841 44,996 3,799 652 1,630 - - 582 582 - - 81 - - - - - - - - - - - - - 80,163
2NW 11,223 4516]  9,826] 14,343 - - 1527 239 - - - - - - - - - - - 1527 - - - - - 43,200
2WNW 1,151 197| 3752|3784 3881 - - - - - - - - - - - - - - - - - - - - 12,765
2w 13,720 481 298| 3016[ 14404 988 522| 1916 - - - 662 - - - - - - - 662 - - - - - 36,670
2WSW 1,963 387 197 - 6,041| 26420 194 - - - - - - - - - - - - - - - - - - 35,202
25W 13,087 13,384 - - - 14,006 15389 1172 - - B - - - - - - 140 - - - € - - - 57,178
28 42118 701 140 189| 7,172| 3112| 19,796] 113,609 381 446 - - - 2,286 139 - - - - 183 - - - 381 - 190,652
3N 73 - - - - - - - 1,697 - - - - - - - - - - - - - - - - 1,770
3NW 1,014 - - - - - - - - 1,090 - - - - - - - - - - - - - - - 2,104
3WNW - - 451 - - - - - - 141 - - - - - - - - - - - - - - - 592
3w 337 - - - - - - - - - - - - - - - - - - - - - - - 612 949
3WSW - - - - - - - - - - - - 870 218 - - - - - - - - - - - 1,088
3sW 141 - - 123 - 195 - - - - - - - = B - - - - - - - - - - 458
3 - - B - - B - - - - - - - - 220 - - - B - - B B - - 220
XIL - - - - - - - - - - - - - - - - - - - - - - - - 0 0
3IN - - - - - - - - - - - - - - - - - 2,450 75 - - - - - - 2,525
XIN 2,124 - - - - - - - - - - - - - - - - - 240 - - - - - - 2,364
ANW 139 - - - - - - - - - - - - - - - - - - 2480 878 - - - - 3,498
4N - - - - - - - - - - - - - - - - - - - 278 885 - - - - 1,163
AWNW - - - - - - - - - - - - - - - - - - - - - 545 - - - 545
aw - - - - - - - - - - - - - - - - - - - - - - 218 - - 218
4WSW - - B - - - - - - - - - - - - - - - - - - - - 502 - 502
45w B - - - - - - - - - - - - - 1,698 - - - - - - - - - 456 2,154
Total 172,394] 66,809] 18,462| 23,532 38,876] 45,068| 38,331| 120,845 2,945| 1,676 = 744 870 2,504] 2,057 = - 2,590 315| 11,832] 1,763 545 218 883 1,068| 554,327
MODEL OUTPUT NON-WORK WK CONV
Origin Destination Sector
Sector 1 2N 2NW__2WNW__ 2W  2WSW__ 2SW 25 3N 3NW__3WNW__ 3W  3WSW__ 3SW___ 3S XWI XIL 3IN XIN | ANW___ 4N 4WNW__ 4w 4wsw| 4sw | Total
1 23315] 8310 3,320] 1620] 2,685 2520] 2945 4,255 15 5 10 90 5 55 5 E E B B - E E B E E 49,155
2N 32,250| 45,055 10,155| 1900] 915 345 595 1430] 880 125 65 65 5 45 5 - - - - 30 30 - - - - 93,895
2NW 16,155 12,330] 18,955 5390 2285 605 395 765 260 480 205 60 20 25 B - - 5 - %0 10 € - - - 58,035
2WNW 11,950] 3960| 7480 6575 4385 860 495 600 25 30 30 135 10 55 - - - - - - - - - - - 36,500
2w 17515| 2275] 3850 4,825 14,450 4,125 1455] 925 25 20 25 890 95 60 10 - - - - 10 - 5 - - - 50,260
2WSW 13085 1025] 1215 1,165 5130 9,735 3390 1,85 20 5 5 300 60 120 10 - - - - - - - - - - 36,450
2SW 14,650 1,140 530 450 1510/ 3,300] 21,280/ 10,750 5 5 - 65 20| 1455 50 - - 5 - - - - - - 5 55,220
28 30,700 3110 1,170| 460 975 1135 13415 67,945 25 5 5 60 20| 1375 970 - - 190 - - 5 - - - 5| 121,570
3N 200 770 215 10 20 5 - 15| 1275 155 5 10 - - - - - - - 10 55 - - - - 2,745
3NW 160 215 660 25 25 5 - 10 130 1,115 255 10 - 5 - - - - - 125 - 15 - - - 2,755
3WNW 45 25 100 20 25 5 B 5 5 60 260 140 35 - B - - - - - - 10 - - - 735
3w 195 15 35 50 330 85 20 10 5 - 05| 2465 380 5 - - - - - - - - - - - 3,690
3WSW 40 - 15 - 30 15 5 5 - - - 330[ 2150 5 - - - - - - - - - 5 100 2,700
3SW 290 65 15 10 45 90| 1255 485 5 5 - 25 - 1,825 125 - - - - - - - - - 10 4,250
3s 135 35 - - 15 5 70 650 - - - 5 - 125 1,955 - - 10 - - - - - - - 3,005
3IN 35 5 - - - - 5 105 - - - - - - 20 - - > - - - - - - - 170
ANW 5 30 40 - - - - - 10 30 - - - - - - - - - 1,255 70 - - - - 1,440
aN 35 35 10 - - 5 5 5 50 - - - - - - - - - - 225[ 2,360 - - - - 2,730
AWNW - 5 5 - - - - - - 20 5 - - - - - - - - - - 860 10 5 - 910
4w - - - - - - - - - - - - 5 - - - - - - - - 5 95 40 - 145
4WSW - - - - - - - - - - - - 75 - - - - - - - - - 50| 2,310 - 2,435
4s5W - - - - - - - - - - - - 20 5 - - - - - - - - - - 1,855 1,880
Total 160,760] 78,405] 47,770 22,500] 32,525 22,840| 45330] 89,145 2,735| 2,060 965| 4,650] 2,900 5,160] 3,150 = = 210 = 1745 2530 895 155 2,360] 1,975| 530,765
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Table10: Comparison oModel Output to the Expanded Household Travel Surveyork tours, Premium Transit with Walk AccesgPhase 1)

TARGETS WORK WK PRE [ns  [+]
Origin Destination Sector

Sector 1 2N 2NW_ 2WNW__ 2W  2WSW__ 2SW___ 2S 3N 3NW__ BWNW__ 3W _ 3WSW_ 3SW___ 3S XWI XIL 3IN XIN [ 4NW 4N 4WNW 4w 4wsw| 4sw | Total
1 4,683 - 742 - - - - - - - 1,306 - 1,255 - - - E 103 - - 176 - - - - 8,264
2N 15303 664 - - - - - - % - - 325 - - - - - - - - 312 - - - - 16,702
2NW 3,970 761 - - - - - - - 325 378 - - - - - - - - 183 - - - - - 5,618
2WNW 1,046 - - 3,603 - - - 308 - - - 308 224 - - - - - - - - - - - - 5,490
2w 1,662 - - - - - - - - - 161 - - - - - - - - - - - - - - 1,823
2WSW 7,562 - 9 - - - - - - - - - - - - - - - - - - - - - - 7,660
2SW 2,221 - - - - - - - - - - - - - - - - - - - - - - - - 2,221
28 22928] 780 - - 143 - - 3,748 - 140 - - - - - - - - - - - - - - - 27,738
3N 6,467 381 - - - B - 2,354 = - - - - - - - - B - - - - - - B 9,202
3NW 3,455 - - - - - - - - - - - - - - - - - - - - - - - - 3,455
3WNW 5,104 - - - - - - - - - - - - - - - - - - - - - - - - 5,104
3w 8,442 2,992 - - - - - - - - - - - - - - - - - - - - - - - 11,433
3WsSW 17249 456 - - - - - - - - 282 - - - - - - - - - - - - - - 17,987
3SW 8,412 - - - - - - - - - - - - - - - - - - - - - - - - 8,412
3s 2,991 - - - - - - 1,226 - - - - - - - - - - - - - - - - - 4,217
3IN 3,102 - - - - - - - - 43 - - - - - - - 88 - - - - - - - 3,233
XIN 1,844 - - - - - - 227 - - - - - - - - - - 18 - - - - - - 2,089
ANW 6,878 87 - - - - 218 - - 486 - - - - - - - - - - - - - - - 7,669
aN 5912 - - - - - - - - - 740 - - - - - - - - - 3,137 - - - - 9,789
AWNW 1,061 - - - - - - - - - - - - - - - - - - - - - - - - 1,061
aw 1,129 - - - - B - - - - - - - - - - - B - - - - = - B 1,129
AWSW 4,654 - - - - - - 83 - - - - - - - - - - - - - - - - - 4,738
4S5W 7,757 - - - - - - - - - - - - - - - - - - - - - - - - 7,757
Total 143,833] 6,121 840 3,603 143 = 218] 7,946 %8 994 2,867 634] 1,479 = = - - 191 18 183 3,625 = - - = 172,793

MODEL OUTPUT WORK WK PRE
Origin Destination Sector

Sector| 1 2N 2NW_ 2WNW__ 2W  2WSW__ 2SW___ 2S 3N 3NW__ BWNW__ 3W _ 3WSW_ 3SW___ 3S XWI XIL 3IN XIN | 4ANW 4N 4WNW__ 4w 4wsw| 4sw | Total
1 530 470 570 125 165 75 65 525 160 140 60 100 180 15 10 E - 5 - 40 75 10 5 - 5 3,330
2N 20,685 355 300 35 %0 40 5 95 145 105 60 20 30 5 - - - - - 30 190 5 - - - 22,195
2NW 10,940 125 370 90 65 20 35 45 75 125 50 10 45 - - - - - - 25 65 10 - - - 12,095
2WNW 5,860 60 100 85 25 20 20 25 20 25 40 25 10 5 - - - 5 - 10 35 - - - - 6,370
2w 4,515 60 100 20 60 25 - 25 30 15 25 20 80 5 - - - - - - 25 5 - - - 5,010
2WSW 8,160 95 110 35 35 %5 55 40 10 20 15 15 65 5 - - - - - - 5 - 5 5 - 8,770
2SW 5,590 85 135 50 65 15 20 %0 50 10 35 15 55 20 10 - - - - 5 10 5 - - - 6,285
28 40385 245 550 65 250 185 205 | 1,280 35 30 15 60 60 80 35 - - - - 15 60 - - 5 - 43,560
3N 1,645 50 35 - 10 - - 5 30 - 15 - - - - - - - - 15 60 - - - - 1,865
3NW 1,205 35 170 20 15 - 5 10 10 75 20 10 5 - - - - - - 5 30 - - - - 1,615
3WNW 980 30 45 20 30 5 - - 5 5 40 5 - - - - - - - - 10 5 - - - 1,180
3w 4,230 55 115 10 115 35 30 25 15 10 55 125 105 - - - - - - 5 - - - 5 - 4,935
3WSW 9,205 20 95 20 130 110 55 45 5 15 35 70 400 5 - - - - - - - - 10 5 5 10,230
3SW 5,200 40 25 15 50 50 60 100 5 5 10 25 35 105 15 - - - - - - - - - - 5,740
3s 3,160 30 15 - 15 15 25 100 - - - 5 5 5 30 - - 10 - - - - - - - 3,415
XWI 15 25 5 - - - - - - - - - - - - - - - - 25 30 - - - - 100
3IN 460 5 10 - 5 5 - 20 - - - - - 10 5 - - - - - - - - - - 520
XIN 50 - - - - - - - - - - - - - 5 - - - - - - - - - - 55
ANW 875 80 310 5 10 - - - 165 145 70 5 5 - - - - - - 235 60 - - - - 1,965
aN 1,310 165 50 - - - 5 - 125 35 10 5 5 - - - - - - 105 210 5 - - - 2,030
AWNW 315 20 35 5 10 - - - 5 15 45 40 10 - - - - - - - 20 - - - - 520
aw 325 - 5 10 10 - - - - - - 35 10 - - - - - - - - - - - - 395
AWsw 665 - 5 - 30 20 15 5 - - 10 75 100 5 - - - - - - - - - - - 930
4SW 865 15 - 5 55 50 35 45 - - 5 35 15 10 - - - - - - - 5 - - 5 1,145
Total 127,170] _ 2,065] 3,155 615 1,240 765 655 2,480 890 775 615 700 1,220 275 110 - - 20 = 515 885 50 20 20 15| 144,255
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Tablel1: Comparison oModel Output to the Expanded Household Travel Surveyon-work Tours, Premium Transit with Walk AccesgPhase 1)

TARGETS NON-WORK WK PRE |ws  [v]
Origin Destination Sector

Sector 1 2N 2NW__ 2WNW _ 2W  2WSW__ 2SW _ 2S 3N 3NW__ BWNW__ 3W  3WSW _ 3SW___ 3S XWI XIL 3IN XIN [ 4NW 4N 4WNW 4w 4wsw| 4sw | Total
1 1115 - - - - - - - - - - - - - 280 - - - - 285 - - - - - 1,680
2N 2511 458 - - - - - - 52 - - - - - - - - - - - - - - - - 3,021
2NW 378 - = - - - - - - - - 239 - - - - - - - - - - - - - 617
2WNW 161 - - > - - - - - - - - - - - - - - - - - - - - - 161
2WSW 702 56 - - - - - - - - - - - - - - - - - - - - - - - 758
25W 175 - - - - - - - - - - - - - - - - - - - - - - - - 175
28 3,844 - - - - - - 2,027 - - - - - - - - - - - - - - - - - 5,871
3N 1,645 % - - - - - - - - - - - - - - - - - 524 - - - - - 2,265
3NW 257 - - - - - - - - - - - - - - - - - - - - - - - - 257
3WNW 374 - - - - - - - - - - - - - - - - - - - - - - - - 374
3w 1,555 - - - - - - - - - - - - - - - - - - - - - - - - 1,555
3WSW 1,939 - - - - - 1,363 - - - - - - - - - - - - - - - - - - 3,302
3s 5,390 - - - - - - - - - - - - - = - - - - - - - - - B 5,390
3IN 82 63 - - - - - - - - - - - - - - - 218 - - - - - - - 363
XIN 35 - - - - - - 60 - - - - - - - - - - - - - - - - - 94
AN 3,357 - - - - - - - - - - - - - - - - - - 556 - - - - - 3,914
aN 1006 232 - - - - - - - - - - - - - - - - - - - - - - - 1,237

AWNW - - - - - - - - - - - - - - - - - - - - - - - - - -

aw - - - - - - - - - - - - - - - - - - - - - - - - - -
AWSW - - - - - - - - - - - - - - - - - - - - - - - | 18388 - 18,388
45w 1,087 - - - - - - - - - - - - - - - - - - - - - - - = 1,087
Total 25.612] 905 - - - - 1,363 2,087 52 - - 239 - - 280 - - 218 - 1,366 - - - | 18388 = 50,510

MODEL OUTPUT NON-WORkK WK PRE
Origin Destination Sector

Sector 1 2N 2NW_ 2WNW _ 2W  2WSW  2SW___ 2S 3N 3NW__3WNW _ 3W  3WSW _ 3SW___ 3S XWI XIL 3IN XIN | 4NW 4N 4WNW 4w 4wsw | 4sw | Total
1 330 565 590 195 250 295 125] 1325 30 25 35 65 115 20 15 - - - - 45 50 25 20 5 10 4,135
2N 2,765 405 130 25 40 20 25 75 85 30 15 15 35 10 - 10 - 5 - 10 45 5 - 5 - 3,755
2NW 2,895 210 435 70 55 20 35 110 15 25 15 15 20 10 10 5 - - - 5 25 - 5 - 10 3,990
2WNW 1,670 50 105 150 60 5 20 80 10 10 20 15 30 25 5 - - - - 5 5 5 - - - 2,270
2w 1,395 55 60 55 140 20 20 85 25 15 - 30 55 15 5 - - - - 10 10 15 5 - - 2,085
2WSW 2,095 55 5 5 65 225 45 105 - 5 - 20 60 15 5 - - - - 10 10 10 - 5 - 2,820
2SW 825 50 55 20 30 30 115 180 15 15 10 10 25 50 15 - - - - 5 10 5 - 5 5 1,475
28 11,950 305 305 65 125 125 355| 3,635 40 25 15 80 2 185 115 - - 35 - 20 40 - 10 20 25 17,565
3N 285 110 5 5 5 5 5 20 40 - 5 5 5 - - - - - - 10 5 - - - - 510
3NW 420 45 65 10 15 5 5 10 - 35 10 5 5 - - - - - - 5 5 - - - - 640
3WNW 290 10 25 5 - 5 20 25 - 10 50 5 5 - - - - - - 5 - 15 - - - 470
3w 665 20 30 25 35 5 - 45 10 5 5 175 45 10 - - - - - - - - - - - 1,145
3WSW. 760 75 30 - 25 45 20 35 - 5 - 25 200 10 - - - 5 - - 5 5 - 10 - 1,255
3SW 320 60 25 - 30 5 65 85 10 5 10 - 5 105 - - - - - - - 10 - - 10 745
3s 225 5 35 10 25 5 15 70 - - - 5 - - 45 - - - - - 5 - - - - 445
XWI 55 45 15 5 15 5 - - 5 - - - 5 - - - - - - 5 30 - - - - 185
3IN 120 10 5 - 10 - 15 20 - - - - - - 5 - - 5 - - - - - - - 190
XIN 10 5 - - - - 5 - - - - - - - - - - - = - - - - - - 20
ANW 615 95 70 15 50 35 15 20 20 20 - 5 10 15 - - - - - 95 - - 5 5 10 1,100
aN 735 140 55 25 30 15 5 60 70 5 - 5 - - - - - 5 - 15 145 - - 15 - 1,325
AWNW 120 35 - 5 15 - - 20 5 - 10 5 5 - - - - 5 - - - - - - - 225
aw 100 25 5 - 10 10 5 10 - - - 10 - - - - - - - - 5 - 10 - - 190
AWSW 160 10 15 - 5 - 10 10 - - - - 15 - - - - - - - - - - - - 225
4sW 190 20 30 - 10 5 10 40 - - 5 5 5 10 - - - - - 5 - - - - 20 355
Total 28,995] 2,475] 2135] _ 730] 1,045 _ 955 935 6,065 380 235 205 500 735 480 220 15 - 60 - 250 395 95 55 70 90 47,120
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Table 12: Comparison oModel Output to the Expanded Household Travel Surveyork Tours, KNRPhase 1)

TARGETS WORK KNR | HS [Z]
Origin Destination Sector

Sector] 1 2N 2NW__2WNW___2W___2WSW__2SW___ 25 3N 3NW__3WNW__ 3W__ 3WSW_ 3SW___ 35 XWI___XIL __ 3IN___XIN | 4NW___4N___4AWNW__ 4w __ 4wsw| 4sw | Total
1 1491 - - - - 112 - - - - - - - - - - - - - - - - - - - 1,603
2N 6622 - - - - - - 139] 1278] - - - - - - - - - - - - - - - - 8,039
2NW 3856] - 186 - - - - 416 - - 320 - - - - - - - - - - - - - - 4,778
2WNW 4306] - - E - - - - - - - - 204 - - - - - - - - - - - - 4,530
2w 2482 - - - E - - - - - - - - - - - - - - - - 708 - - - 3,190
2WSW 177 - - - - E - - - - - - - - - - - - - - - - - - - 177
25W 5492 - - - - - E - 678 - - - - - - - - - - - - - - - - 6,170
2s 5885 1726 - - - - - 619 - - - - - - - - - - - - - - - - - 8,230
3N 560 - - - - - - 397 E - - - - - - - - - - - - - - - - 957
3w 2000 - - - - - - - - E - 89| 116 - - - - - - 73 - - - - - 4,278
3WNW 9304 - 591 - - - - - - - E - - - - - - - - - - - - - - 9,895
3w 2676 - - - 369 - - - - - - 285 119 - - - - - - - - - - - - 4,527
3WSW 14744 - - - - - - - - - - 487 - - - - - - - - - - - - - 15,231
3sW 5540 - - - - - - - - - - - - E - - - - - - - - - - - 5,540
3s 2283 - - - - - - 64 - - - - - - E - - - - - - - - - - 2,347
3IN 2006 - - - - - 55 87 - 43 - - 9% - - - - 88 - B - - - - - 4,465
XIN 1456] - - - - - - - - 8 - - - - g - - - E - - - - - g 1,504
INW 8655 765 73 - B - - - 185 - - - 153 - - - - - - 218 - - - - B 10,049
N 1569 - - - - - - - - - - - - - - - - - - - 5 - - - - 1,569
2WNW 509 - - - - - - - - - - - - - - - - - - - - 5 - - - 509
aw 1022 - - - - - - - - - - - - - - - - - - - - - = - - 1,022
4WSW 3438] - - - - - - - - - - - - - - - - - - - - - - 5 E 3,438
45W 5267 - - - - - - - - - - - - - - - - - - - - - - - 5 5,267
Total 9543L] 2491 849 5 369] 112 55| 1722] 2141 or| 320] se1] 1784] - B 2 2 88 5 201 5 708 2 5 E 107,314

MODEL OUTPUT WORK KNR
Origin Destination Sector

Sector] 1 2N 2NW__2WNW___2W___2WSW__2SW___ 25 3N 3NW__3WNW__ 3W__ 3WSW_ 3SW___ 35 XWI___XIL __ 3N ___XIN | 4NW___4N___4AWNW__ 4w __ 4wsw| 4sw | Total
1 325]  280] 305 80]  125] 240] 170 140 10 10 10 20 30 5 - - - - - 5 5 - - - - 1,760
2N 9555 1,030 430 85 75 60 35 60| 130 35 30 5 5 - - - - - - 25 30 - - - - 11,590
2NW 2795 235|615  110| 125 55 20 5 9% 55| 105 40 15 - - - - - - 20 45 - - - - 4,335
2WNW 1870 140  280|  120| 155 60 25 10 10 10 35 50 40 5 - - - - - 5 15 - - - - 2,830
2w 2,570 0| 125 45[ 30| 120 65 10 15 20 20| 105 50 15 - - - - - 10 5 - - - - 3,575
2WSW 2185 20| 100 60| 260 295| 165 35 5 10 35| 185|100 30 - - - - - 5 - - - - - 3,510
25W 4,610 25 40 20| 170]  185| 520] 230 5 - 15 45 70 55 15 - - - - - - - - - - 6,005
2s 7,405 60 65 15 55 65| 380| 1265 - - - 15 20| 115 75 - - 15 - - - - - - - 9,550
3N s05| 115|135 - 10 - - - 125 70 30 - 5 - - - - - - 20 65 - - - - 1,080
3w 315| 140|440 15 5 15 5 - 100] 610|355 40 90 - - - - - - 165 140 10 5 - - 2,580
3WNW 825 50| 515 20| 150 5 10 - 115| 350 805|  260] 265 5 - - - - - ES 25 95 30 - - 3,620
3w 1,445 25| 225 60| 230 50 20 - 55|  145|  290|  735| 490 10 - - - - - 10 - 50 25 - 5 3,870
3wWsw 2345 0] 125 65| 300]  140| 250 5 25 90| 320] 925 1,755 95 5 - - - - - - 40 10| 120 30 6,695
35w 2,580 35 15 30| 200] 195 375 315 10 10 25| 230 265 800 135 - - - - - - - - - 35 4,985
3s 2,735 10 5 - 10 10] 110|550 - - - 15 15|  135] 790 - - 5 - - - - - - 15 4,405
XWI 10 5 5 - - - - - 85 25 10 - - - - 95 - - - 455|330 5 - - B 1,025
XIL 305 5 30 5 20 20 60| 205 5 60| 115 125 545 95| 490 - 3 5 - 120 - 420 120] 55| 165 3,440
3IN 2,760 10 10 - 15 20| 160 1275] - - - 10 10 100|565 - - 205 5 - - - - - - 5,145
XIN 415 - - - - - - 265 - - - - - 10] 295 - - 90 15 - - - - - - 1,090
ANW 140 80| 340 - 15 5 - - 390 610|360 45 30 - - 25 - - - 1675] 680 245 30 15 B 4,685
N 265 50 80 15 - - - - 210 55 15 - 5 - - 10 - - - 2451405 - - - - 1,355
2AWNW 5 0] 205 5 15 - - - 55| 225 255 70 50 - - - - - - 100 1025 20 15 - 1,355
aw 5 - 30 20 10 15 - - 15 50 75| 140 125 - - - - - - 15 - 85 60 40 - 725
4WSW 160 5 20 20 30 15 10 5 - 25 80|  470| 1115 10 - - - - - - - 25 80470 35 2575
45W 1,605 5 25 20| 165 80| 150 125 5 20 95|  545] 1500] 405 200 - - 5 - 5 - - 15| 140] 610 5,720
Total 47,815] 2,405 4195|  830] 2,520 1690 2,530] 4,540] 1555 2.485] 3,00 4,075 6,595] 1,590 2570| _ 130 2 325 20| 2915] 1,755 1250] 395 1,325  895|.. 97505
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Tablel13: Comparison oModel Output to the Expanded Household Travel Surveyon-Work Tours, KNRPhase 1)

CMAP Transit Mdernization ABM

TARGETS NON-WORK ~ KNR  ws  [+]
Origin Destination Sector

Sector] 1 2N 2NW__2WNW___2W___2WSW__2SW___ 25 3N 3NW__3WNW__ 3W__ 3WSW_ 3SW___ 35 XWI___XIL __ 3IN___XIN | 4NW___4N___4AWNW__ 4w __ 4wsw| 4sw | Total
1 1193 - - - 609 - - - - - - - - - - - - - - - - - - - - 1,802
2N 3114] 548 - - - - - - - - - - - - - - - - - - - - - - - 3,663
2NW 197 - E - - - - - - - - - - - - - - 876 - - - - - - - 1,073
2w 194 - - - E - - - - - - - - - - - - - - - - - - - - 194
2WSW - - - - 1788 - - - - - - - - - - - - - - - - - - - - 1,788
25W - - - - - - 286 - - - - - - - - - - - - - - - - - - 286
2s 415 - - - - - - 1638 - - - - - - - - - - - - - - - - - 2,053
3N - - - - - - - - 55 - - - - - - - - - - - - - - - - 55
3w 58 - - - - - - - - E - - - - - - - - - - - - - - - 58
3WNW 414 - - - - - - - - - E - - - - - - - - - - - - - - 414
3w 370 - - - 157 - - - - - - E - - - - - - - - - - - - - 527
3WSW 1514 - - - - - 110 - - - - - - - - - - - - - - - - - - 1,624
asw - - - - - - 141 - - - - - - 5 - - - 121 - - - - - - - 262
3s 3670 - - - - - - - - - - - - - 97 - - - - - - - - - - 3,767
3IN 70 - - - - - - 43 - E - - - - g - - - - E - - - - g 112
XIN 129 - - - - - - 13 - - - - - - - - - - 24 - - - - - - 166
aNW 7182 - - - - - - - - - - - - - - - - - - 5 - - - - B 7,182
N 90 - - - - - - - - - - - - - - - - - - - 5 - - - - 90
2WNW - - - - - - - - - - - - - - - - - - - - - 71 - - - 71

aw - - - - - - - - - - - - - - - - - - - - - - = - - 5
4WSW 1700 - - - - - - - - - - - - - - - - - - - - - - 5 E 1,700
45W 403 - - - - - - - - - - - - - - - - - - - - - - - 507 910
Total 20,713] 548 5 5 2554 - 537] 1,604 55 B 2 2 5 5 97 2 2 998 24 B 5 71 2 5 507 | 27,797

MODEL OUTPUT NON-WORK KNR
Origin Destination Sector

Sector] 1 2N 2NW__2WNW___2W___2WSW__2SW___ 25 3N 3NW__3WNW__ 3W__ 3WSW_ 3SW___ 35 XWI___XIL __ 3N ___XIN | 4NW___4N___4AWNW__ 4w __ 4wsw| 4sw | Total
1 80|  215] 100 60]  100]  125] 275 _ 300 - - - - - - - - - - - - - - - - - 1,255
2N o15[ 755 185 55 15 15 35 20 20 - - 5 - - - - - - - - 5 - - - - 2,025
2NW 455 225|410 140 105 20 35 30 30 20 30 10 - - - - - - - 5 5 - - - - 1,520
2WNW 485]  105| 120|250 110 30 30 30 - - - 5 - - - - - - 5 5 - - - - - 1,175
2w 740 25 85| 135 840] 110 50 35 5 5 5 40 5 5 - - - - - - - - - 5 - 1,590
2WSW 560 40 35 70|  125] 825| 130 40 - 5 - 5 60 30 - - - - - - - - - - - 1,425
25W 730 10 25 10 65 o5 610] 200 - - - 10 - 40 5 - - - - - - - - - - 1,890
2s 1,205 70 35 15 25 20| 340 1g8s| - - 5 5 - 35 55 - - 15 - - - - - - 5 3,715
3N 75 50 75 5 10 - - - 40 30 5 10 - - - - - - - 10 30 - - - - 340
3w 15 25| 115 5 25 15 5 - 5[ 15 60 10 10 - - - - - - 35 15 15 - - - 550
3WNW 30 15 70 15 5 15 20 5 10|  100] 155 100 50 5 - - - - - 15 - 50 5 15 - 720
3w 65 - 30 30 65 5 20 10 - 10 50| 250 150 35 - - - - - 5 - 15 10 10 - 760
3wWsw 75 5 5 5 30 65 20 35 5 15 30| 150|785 30 5 - - - - 15 - 5 - 50 20 1,350
asw 60 5 10 5 35 60| 155 200 - - - 35 70|35 80 - - - - - - - - - 10 1,050
3s 140 10 5 - B 15 5] 175 5 - - 5 10 45777320 - - - - - - - - - 15 790
XWI 15 25 5 - - - 5 - - 5 - - - - - 20 - - - 65 30 - - - B 170
XIL 190 15 30 5 5 5 65| 165 - 15 35 45| 220 30 70 - 3 - - 40 5 45 25 80 45 1,135
3IN 160 10 10 5 15 5 70| 380 - B - 5 20 20] 150 - - 70 - B - - - - - 920
XIN 50 55 5 - - - 15 65 - - - 5 - 5 35 - - 10 20 - - - - - - 265
ANW 70 45 40 5 10 5 5 5 25 60 30 15 25 - - 5 - - - 775 70 75 - 15 B 1,280
N 90 25 20 - 5 - 5 - 20 15 5 - 5 - - - - - - 60 | 300 - - - - 550
2AWNW 10 5 10 - 20 20 - - - 15 35 10 25 - - - - - - 5 5[ 110 - 10 - 320
aw 10 10 - - - - - - - - 40 25 10 - - - - - - 5 - 10 35 20 - 165
4WSW 70 - 5 5 15 - 10 5 - 5 10 20| 145 5 - - - - - - - 5 15[ 300 40 655
45W 200 10 20 5 15 25 65 75 - - 5 55| 135 145 50 - - - - - - 5 - - 410 1,220
Total 6.495] 1,755 1450 825 1,180]  975] 2010] 3.750] _ 185 475  500] _ 820] 1725] _ 755] _ 770 25 2 9% 25| 1080]  465] 335 90|  505]  545]26,835
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Tablel4: Comparison oModel Output to the Expanded Household Travel Surveyork Tours, PNRPhase 1)

TARGETS WORK PNR  |ws (]
Origin Destination Sector

Sector 1 2N 2NW__2WNW__2W___ 2WSW__2SW___ 25 3N 3NW__ BWNW__ 3W  3WSW _ 3SW___ 3S XWI XIL 3IN XIN [ 4NW 4N 4WNW 4w 4wsw| 4sw | Total
1 429 - - - - - - - - 224 - - - - - - - - - - - - - - - 653
2N 6,207| 959 - - - - 1,008 - - - - - - - - - - 336 - - 139 - - - - 8,649
2NW 11,765 - 305 - - - - - - - - - - - - - - - - - - - - - - 12,070
2WNW - - - > - - - - - 1,404 - - - - - - - - - - - - - - - 1,404
2w 4,138 - - - 3,768 - - - - - - - 1,842 - - B - - - - - - B - - 9,747
2WSW 2,419 - - - - - - - - - - - - - - - - - - - - - - - - 2,419
25W 3,694 - - - - - - - 678 - - - - - - - - - - - - - - - - 4,372
28 6,211 1,147 - - - 114 560 - - - - - - 365 - - - - - - - - - - - 8,397
3N 277 - - - - - - - - - - - - - - - - - - - - - - - - 277
3NW 145 - - - - - - - - 413 - - - - - - - - - - - - - - - 558
3WNW 569 - - - - - - - - - - - - - - - - - - - - - - - - 569
3w 4,517 - - - - - - - - - - 674 - - - - - - - - - - - - - 5,192
3WSW 13,317 - - - - - - 109 - - - - - - - - - - - - - - - - - 13,426
3SW 1,379 - - - - - - - - - - - - = - - - - - - - - - - - 1,379
3s 6,577 - - - - - - - - - - - - - = - - - - - - - - - B 6,577
3IN 281 - - - - - - - - 48 - - % - - - - - - - - - - - - 425
XIN 60 - - - - - - - - - - - - - - - - - - - - - - - - 60
AN 1,437 - - - - - - - - - - - - - - - - - - - - - - - - 1,437
aN 1,222 - - - - - - - - - - - - - - - - - - - - - - - - 1,222
AWNW 2,522 - - - - - - - - - - - - - - - - - - - - - - - - 2,522
aw 5,940 - - - - - - - - - - - - - - - - - - - - - - - - 5,940

AWSW - - - - - - - - - - - - - - - - - - - - - - - - - -

45w - - - - - - - - - - - - - - - - - - - - - - - - = =
Total 73,107|  2,106] 305 = 3,768] _ 114] 1568] 109 678 2,089 - 674 1938 365 - - - 336 - - 139 - - - = 87,296

MODEL OUTPUT WORK PNR
Origin Destination Sector

Sector 1 2N 2NW_ 2WNW _ 2W  2WSW  2SW___ 2S 3N 3NW__3WNW _ 3W  3WSW _ 3SW___ 3S XWI XIL 3IN XIN | 4NW 4N 4WNW 4w 4wsw | 4sw | Total
1 555 60 30 - - - - 10 20 5 - - 5 - - - - - - - 10 - - - - 695
2N 9640 185 105 10 20 5 - - 10 - 15 5 5 10 - - - - - 5 50 5 - 5 - 10,025
2NW 2,180 30 80 10 - 5 5 10 20 15 20 15 - - - - - - - - 40 - - - - 2,430
2WNW 190 10 15 10 - - 5 - - - - - - - - - - - - - - - - - - 230
2w 50 20 15 5 - 5 - 10 5 5 10 - 15 - - - - - - - - - - - - 140
2WSW 595 10 10 - - 35 - 10 - - - - 30 - - - - - - 5 - - - - - 695
2SW 995 25 15 5 5 20 20 35 10 - - - 10 - 5 - - - - - 10 - - - - 1,155
28 6,465 80 60 15 35 30 20 205 - 20 5 15 5 15 5 - - - - - 15 - - - - 6,990
3N 485 30 15 5 10 5 5 - 5 - - 5 5 - - - - - - - 35 - - - - 605
3NW 1,140 105 345 10 25 20 5 5 15 75 20 - 10 - - - - - - 15 45 5 - - - 1,840
3WNW 1,805 75 215 55 60 15 15 10 35 10 55 15 55 - - - - - - 5 25 20 10 5 - 2,485
3w 2,755 45 70 50 70 30 25 10 5 20 45 25 115 - - - - - - - 10 25 5 10 - 3,315
3Wsw 5,070 50 55 20 140 125 30 40 10 20 95 55 425 25 - - - - - 5 10 30 5 25 5 6,240
3SW 3,345 25 35 15 100 45 75 125 - 20 10 20 40 70 10 - - - - 5 10 - - 5 15 3,970
3s 3,300 35 50 10 20 45 35 195 5 - - 10 5 15 50 - - - - - - - - - 10 3,785
XWI 175 20 %5 - - - - - 230 165 65 - - - - 40 - - - 485 560 10 - - - 1,915
XIL 340 10 85 30 5 10 40 110 40 80 65 430 390 20 5 - - - - 80 35 70 10 65 45 2,005
3IN 8,095 85 65 15 65 40 95 370 - - - - - 15 30 - - 20 - - 5 - - - 15 8,915
XIN 2,540 5 - 5 - 15 15 275 - - - - - 5 40 - - 40 55 - - - - - - 2,995
ANW 1605 275 865 80 55 5 5 5 415 435 225 65 10 - - 10 - - - 575 360 80 - - - 5,070
aN 715 %0 65 5 10 - - 5 110 30 - - - - - 5 - - - 110 100 - - - - 1,245
AWNW 455 55 215 60 35 - 15 5 15 110 120 80 25 - - - - - - 15 30 50 5 - - 1,290
4w 655 - 15 30 100 15 - - 5 15 50 95 130 - - - - - - - 10 - - - - 1,120
4WsW 1,345 20 40 - 75 45 15 15 5 10 30 235 430 25 5 - - - - - - - - 35 - 2,330
4sW 3,155 10 50 30 170 120 170 125 5 - 10 145 330 205 40 - - 5 - 5 - 15 5 5 60 4,660
Total 57,650] 1,375 2,610] 475 1,040] _ 635 505 1575 _ 965| 1035 _ 840| 1,215 2040] 405 190 55 - 65 55| 1,310 1,360] 310 40 155 150 76,145
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Tablel5: Comparison oModel Output to the Expanded Household Travel Surveyon-Work Tours, PNRPhase 1)

TARGETS NON-WORK ~ PNR  ws  [+]
Origin Destination Sector

Sector] 1 2N 2NW__2WNW___2W___2WSW__2SW___ 25 3N 3NW__3WNW__ 3W__ 3WSW_ 3SW___ 35 XWI___XIL __ 3IN___XIN | 4NW___4N___4AWNW__ 4w __ 4wsw| 4sw | Total
1 1807] - - - - 680 - - - - - - - - - - - - - - - - - - - 2487
2N 1946] 3342 - - - - - - - - - 17| 354 - - - - - - - - - - - - 5,759
2NW 787 - 269 - - - - - - - - - - - - - - 876 - 122 - - - - - 2,355
2WNW - - 387 E - - - - - - - - - - - - - - - - - - - - - 387
2w 7069 885 2833 - 506] 3974 - - - - - - - - - - - - - - - - - - - 15,357
2WSW 302 - - - 1,788] 63l - - - - - - - - - - - - - - - - - - - 2,721
25W - - - - - - 2646] 451 - - - - - - - - - 140 - - - - - - - 3,237
2s 280 - - - - - 1764] 3437 - - - - - - 278 - - - - - - - - - - 5,759
3N 159 198 - - 174 - - - 620 - - - - - - - - - - - - - - - - 1,150
3w 2704 - - - - - - - - 1137 - - - - - - - - - - - - - - - 3,841
3w 142 - - - - - - - - - - E - - - - - - - - - - - - - 142
3WSW 1555 - - - - - - - - - - - 1793 - - - - - - 1202 - - - - 2,089 6,730
3s 3406 - - - - - 506 - - - - - - - E - - - - - - - - - - 3912
3IN 18 - - - - - - 327 - E - - - - g - - - - E - - - - g 345
XIN - - - - - - - - - E - - - - g - - 131 E - - - - - g 131
aNW 790 - - - - - - - - - - - - - - - - - - 9619 - - - - B 10,409
N 6 - - - - - - - - - - - - - - - - - - - 5 - - - - 46

2WNW - - - - - - - - - - - - - - - - - - - - - 5 - - - .

aw - - - - - - - - - - - - - - - - - - - - - - = - - 5
4WSW 3401 - - - - - - - - - - - 207 - - - - - - - - - - 204 - 3,901

45W - - - - - - - - - - - - - - - - - - - - - - - - 5 5
Total 24.414] 4425 3.489] - 2557| 5284] 4916] 4214]  620] 1.137] - 7] 2354 - 218 2 2 T147] - | 11,334 - 2 2 294 2,089] 68,670

MODEL OUTPUT NON-WORK PNR
Origin Destination Sector

Sector] 1 2N 2NW__2WNW___2W___2WSW__2SW___ 25 3N 3NW__3WNW__ 3W__ 3WSW_ 3SW___ 35 XWI___XIL __ 3N ___XIN | 4NW___4N___4AWNW__ 4w __ 4wsw| 4sw | Total
1 430 75 10 - 5 - - 145 - - - 5 5 - - - - - - - - 5 - - - 680
2N 2015 440] 350 % 5 25 5 20 50 5 - 5 15 5 5 - - - - 10 25 10 - 20 - 3,075
2NW 1,110 5 170 70 20 15 - 55 10 10 30 25 10 15 5 - - - - 15 25 15 - - 5 1,610
2WNW 215 35| 165|115 30 15 5 10 - - 5 15 15 - - - - - - 5 5 - - - - 635
2w 115 15 25 40 15 15 5 15 5 5 - 10 40 - - - - - - 5 - 5 - 5 - 320
2WSW 460 10 35 5 - 115 5 15 10 - - 15 45 - - - - - - - - - - 10 - 725
25W 165 40 35 3 10 90| 25| 155 5 20 - - 20 5 5 - - - - - 10 25 - - 5 790
2s 4530| 235|135 20 70 75| 145 L,740 15 50 35 25 30 80 60 - - 10 - 20 25 - 5 5 20 7,330
3N 240 95 40 10 25 - 20 30 ES 5 - - - - - - - - - 20 35 - - - - 555
3w 770| 130|295 30 20 15 50 90 0] 170 10 10 5 10 - 10 - - - 30 15 30 5 - 10 1,715
3WNW 790| 175|235 40 30 5 10 90 20 20 120 50 70 10 - - - 10 - 20 5| 115 - 15 - 1,830
3w 685 75 50 70| 150 5 45| 115 ES 30 35 135 9% 10 5 - - - - 20 - 35 - 5 - 1,680
3wWsw 1270] 200 65 30 80| 120 65| 120 25 B 15 50 | 580 55 10 - - - - 15 5 45 20 55 20 2,845
asw 485|115 70 20 55 60| 125 200 5 30 5 15 25 105 20 - - - - 15 10 20 10 5 15 1,410
3s 715|110 95 15 75 40 65| 310 5 5 5 15 15 45777220 - - - - - 20 - - 5 20 1,780
XWI 1015|  920|  515|  155| 155 80 70| 200[ 125 85 55 65 85 15 - 7 - 5 - 340|225 50 5 5 - 4,245
XIL 1180 585  735|  290|  660| 355  420| 465 90| 175|  155| 515|680 185 50 - 3 10 - 210] 100|220 - 55 25 7,160
3IN 2655|  445|  340| 150 235 95 90| 550 45 15 25 70 45 65| 100 - - 140 20 15 55 - - 10 80 5,245
XIN 1665]  545| 230|105  175| 135  210| 770 20 15 20 30 25 65 65 - - 20100 10 10 - - 5 40 4,260
ANW 2365] 775|930 245  255| 175 245 405  170| 200 125 65 65 75 5 10 - - - 1015| 235 125 - 5 5 7,495
N 860 325|175 70 50 45 45 80 70 35 20 20 5 - 5 15 - - - 1351405 5 - 15 15 2,395
2AWNW 600] 115|145 85 65 40 60 80 15 55 35 30 35 5 - - - - - 20 20 % - 5 10 1,515
aw 495 115 75 65 5 5 50 90 5 - - 40 50 10 20 - - - - - 30 - = 10 B 1,145
4WSW 975] 260 130 25| 130|100 75| 200 25 20 10 65| 175 35 10 - - - - 10 - - - 145 15 2,405
45W 785]  240| 155|100 175 75| 185 260 30 20 25| 105 150 85 85 - - - - 5 10 10 10 15[ 285 2,760
Total 26,590] 6,080 5205 1815] 2,575] 1780] 2.120] 6,210] _ 825 _ 970] _ 730] 1380 2285  920]  670] _ 110 2 195]  120] 1,935] 1.270] _ 810 55| 435]  520| 65605
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4. Key Technical Aspects of Phase 2

4.1. Summary of ABM Improvements in Phase 2

During the implementation work in Phase 1, many additional factors were revealed/énatrelevant
and useful for Phase 2 beyond theeviously reported summary from the workshop held at CMAP in
February 2012 The list of main model improvements is summarizetdablel6.

Tablel6: Summary of Main Model Improvements

Model Component Phase 1 Phase 2
I ROy OSR 603i23/R¢ Y2RS OK2AX X
Transit access / spatial resolution X
Station characteristics X X
In-vehicle parameters X X
Capacity constraints X
Crowding effects X
Service reliability X
Transit frequency / wait time X X
Fare / cost structures X X
Individualized transit path choice X

The corresponding detailed analysigwdiin model improvementss includedn the subsequent sub
sections lelow.

4.2. Non-Labeled Transit Mode Definitions: Further Steps in Phase 2

Nortlabeled mode definitionsefer to actuatransitservice characteristics arade based on

understandng of traveler perceptions Thisapproach allows forlanination of proliferation of mode
geographyspecific constantthat plagued many mode choice models applied in practice. This approach
is being pomoted by FTAnd also represents a conceptuaisence othe TCRRProjectHo T asit NJ Y

{ SNIAOSa GKI G ! FIf®ewith thikepproachranditfuseaseeR §eheric transit service
where different modes and lines can be usédcess modes (Walk, PNIRd KNRktill represent

distinct options(modes). The main shift of modeling focus is frawliferation of transit modegthat

will never be enough to describe the multitudetap origins, destination, and user characteristite.)
capturing individual patbuilding ruleqthat include the ecessary level of details associated with trip
origins, destinations, as well as user characteristi¢¢ith the nonlabeled mode choice approach we

have fewemodes in the mode choice seHowever, we have a much more elaborate description of the
transit path choicethat issensitive to transit attributes and person characteristiche corresponding
transformation of transit mode definitions from the Pricing ABM to Transit Modernization ABM Phase 1
and, finally, to Transit Modernization ABM Ph&dsesummarized imablel7.
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Tablel7: Transformation of Transit Mode Definitions

Previous (labeled)

Phase 1

Phase 2

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

Walk to conventional transit (CTA
local bus, Pace local bus, CTA train

Walk to premium transit (CTA
train, Metra commuter rail)

Walk to premium transit (CTA
express bus, Metra commuter rail)

Walk to transit (CTA local bus,
Pace local bus, CTA express bus,
CTA train, Metra commuter rail)

Drive to premium transit (CTA
train, Metra commuter rail)

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

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

Drive to bus (CTA local bus, Pace
local bus, CTA express bus)

KNR (CTA local bus, Pace local bu
CTA express bus, CTA train, Metra

commuter rail)

KNR (CTA local bus, Pacetal bus,
CTA express bus, CTA train, Metra
commuter rail)

4.3.

Taking Advantage of Micro Analysis Zones (MAZS)

The overall logic of TVPB is presenteBigure2. Virtual path buildingepresents a convolution of
three essential transit pass components: t¥ess timéost pre-calculated for MAZo-station matrices
using detailed street network2) gation-to-station time/cost matrices skimmeasing EMME transit
assignment, and 3) egreime/cost pre-calculated for MAZo-station matrices using detailed street
network. The entiredMIAZstation-stationr-MAZ path calculated on the fand cannot be stor@in an
MAZto-MAZ matrix format for two reasons. FirMAZto-MAZ matrix would contain roughly one third

of abillion cells that is an object that is very inefficient to store and read. Secondly, with the multitude
of individual parameters involve iragh building (person age, income, trip purpose, etc) one would need

to store hundreds of such matrices.

Figure2: Transit Virtual Path Building (TVPB)

Access

Stopto-Stop LOS
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CMAP has established a systeni6f819MAZ nested within 1,44 TAZs.The followingaspects were
consideredand the followingechnical stepsvere made to take a full advantage of a finer level of
spatial resolution.

1 Use a detailed system of Transit Access Points (TAP). TAP represents a station or group of stops fo
the same transit mode with insignificant walk between thelAPs replace TAZs for the purpose of
transit assignment and skimmin@he connectors between TABNd stops (nodes) in the transit
network are used to represent initial boarding transit faresd stationrspecific walk times. TA®B-
TAP linksised torepresent transfer fare additions, walk times, and timed transfshorter transfer
wait time that would have been calculated based on the headway

1 The MAZ system developed by CMAR,1IMAZs)is a significant step forward in terms of spatial
resolution but ithas its own limitations. In general, having more than one TAP per MAZ is excessive
in terms of spatial resolution.

1 MAZs can be added if necessary; some of the MAZs in the aet&s are still big. New Starts zone
system provides some additional details in Indiana & Wisconsin.

9 Chicago has 37,000 total Google transit stops

0 Paceg 25,000 stops
o CTA 12,000 stops
0 Metra¢ 240 stops
0 NICTLx 20 stops

1 Manystops areduplicatve, ovelapping, or very close to each othet. provedpossible to collapse
stops to reasonable number, without losing too much accuraqgyplication of the TAP building
method previouslyapplied for SaiDiego and MiamCFRAMP ABMgesulted in 4,600 aggregate
TAPdor Chicago In the transit assignment and skimming proceduliésPs are separated by mode
(Local Bus, Express Bus, CTA train, Metra rail) for setting-speaéfic path building attributes

91 Detailed street networlprovided byNAVTEQ@vasusedto model transitwalkaccess and egress
travel times withactual sidewalk connectivityMAZto-TAP connectorswere built to calculate
access/egress times by transit access neqdalk, PNR, KNRjth a higher level of accuracy

4.4. Detailed Transit Network C oding Compatible with MAZ System

The transit networlutilizes on-the-fly stopto-stop pathbuilding approach for transltevelof-Service

(LOSP £ Odzf F GA2yad ¢CKAAd NBIldzANBa | WRdzyyeQ 12yS 3
created in a@ransit-specific EMME databank. Each TAP represents an explicigi@elay transit

stop, or one or more aggregated bus stops. Bus stops are only aggregated with other stops of the same
mode-type (local with other local or express with other expresspach TAP is connected to the actual

transit route stop in the highway network via an auxiliary transit link. Walk and drive connections from
Micro Area Zones (MAZs) to TAPs are not coded directly in the network; instead, they are represented in
a fileor database tabl¢hat is an output of another program developed as part of the Transit

Modernization ABM setup

a

(4

Pseudecode for creating the MAZ system, transit network, TAPs, and associated walk and drive access
files are given below.
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Pseudecode:

1) Define MAZ systerg
a. Start with statistical areas
b. Should be much denser along existing or future planned fixgdeway stations
c. 20kg 40k MAZs acceptable
d. Code MAZ centroids
2) Import transit stops
a. Metra (~250 TAPS):
i. Create TAP at every station, with actudlQ€ither from GTFS or existing emme
network; one TAP per station
ii. SetMetra_Rail =1 in TAP attributes
iii. Code parking availability and other attributes
iv. Generate auxiliary transit link from TAPhighway network transit stop node
b. CTA Rail (~144 TAPS)
i. CreateTAP at every station, with actual X¥ither from GTFS or existing emme
network; one TAP per station
ii. Set CTA_Rail =1 in TAP attributes
iii. Code parking availability and other attributes
iv. Generate auxiliary transit link from TAPhighway network transit sto node
c. CTA Express bus (? TAPS)
i. From highest to lowest ridership, by route
1. For each stop
a. Find closest link to stop
b. If noCTA express bUsAP within 1/8 mile on same link
i. Code TAP at actual XY
ii. If no node on link within 1/8 mile of stop
1. Split link at stopocation
iii. Generate auxiliary transit link from TAP to highway
network transit stop node
c. Else continue to next stop
d. PACE Express bus (? TAPS)
i. From highest to lowest ridership, by route
1. For each stop
a. Find closest link to stop
b. If noCTA or PACE express bd® within 1/8 mile on same link
i. Code TAP at actual XY
ii. If no node on link within 1/8 mile of stop
1. Split link at stop location
iii. Generate auxiliary transit link from TAP to highway
network transit stop node
c. Else continue to next stop
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e. CTA Local bus (? TAPS)
i. Fram highest to lowest ridership, by route
1. For each stop
a. Find closest link to stop
b. 1f noCTA local buSAP within 1/8 mile on same link
i. Code TAP at actual XY
ii. If no node on link within 1/8 mile of stop
1. Split link at stop location
iii. Generate auxiliary transit linfrom TAP to highway
network node
c. Else continue to next stop
f. PACE Local bus (? TAPS)
i. From highest to lowest ridership, by route
1. For each stop
a. Find closest link to stop
b. If noCTA or PACE local BusP within 1/8 mile on same link
i. Code TAP at actual XY
ii. Ifno node on link within 1/8 mile of stop
1. Splitlink at stop location
ii. Generate auxiliary transit link from TAPHighway network transit stop node
Evaluate the number of stops by mode. If too many, consider revising distance thresholds as
described below ad re-running procedure.
Code transit routes
a. Same logiprocedure as currently used; gradeparated fixeeuideway routes are
coded over transibnly links while aggrade fixedguideway and bus routes are coded
over the highway networkwith stops code@xplicitly at nodes (seeote 6)
b. Average headways should be coded for each time period to be modeled
c. Express bus routes should be coded in appropriate direction bydirtay (for
example, inbound in the AM period and outbound in the PM period).
Code tramsfer links.
a. Transfer links (auxiliary transit) can be coded between actual highway transit stop nodes
within a given distance threshold. (see note 9)
Calculate TAP service file
a. For each TAP, create list of transit routes that stop at connecting highw®s;, aoross
all time periods (can create one file for each time period or index by time period)
Create MAZTAP table
a. Determine walk distance threshold from @oard data (see note 10)
b. For each MAZ
i. For each TAP within walk distance threshold, sorted by niistén ascending
order from MAZ to TAP
1. Check service file for TAP. If TAP provides service to a route that is not
already connected to MAZ, create record in MPXP table
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8) Create Formal TAZTAP PNR table
a. Determine formal drive distance threshold fran-board data
b. Foreach TAZ
I. Sort TAPs by distance from TAZ in ascending order
ii. Foreach TAP
1. If within maximum drive distance and Formal PNR Spaces>0, create
record in Formal TAZAP PNR table
9) Create Informal TAZTAP PNR table
a. Determine informal drive diance threshold from o#fboard data, or informal catchment
area to select specific TAPs
b. Foreach TAZ
I. Sort TAPs by distance from TAZ in ascending order
ii. Foreach TAP
1. Check service file. If within maximum drive distance and Informal PNR
Spaces>0 and TAP pia®s new service, create record in Formal TAZ
TAP PNR table
10) Create TAZ TAP KNR table
a. Determine KNR drive distance threshold fromhlward data
b. Foreach TAZ
i. Sort TAPs by distance from TAZ in ascending order
ii. Foreach TAP
1. Check service file. If within meaum drive distance and TAP provides
new service, create record in Formal TRXP PNR table

Additional notes to be taken into account:

D'y SYYS WiNIyaAidQ RFEGFOoFIYy]l ySSRa G2 0SS ONBFGSR

2) Fixedguideway rail station APs are coded explicitly at actual XY location; routes are coded on
transit-only links between stations with actual statistation travel times.

3) Bus TAPs can be aggregated, but only for the same type of service (express with express, local
with local).

4) Threshold for combining bus TAPs on a link is 1/8 mile, based upon a maximum walk error of 2.5
minutes. This could be modified based upon the size of MAZs bordering each link. For
example, if the average length of the face of each MAZ bordering & Ralkniile, the TAP
distance threshold could be increased to 1/4 mile, so that the variance in walk time between
stops is consistent with the variance from any point within the MAZ to the stop.

5) The procedure assumes that stops will be coded on links iétisemo stop already coded on
that link for the same type of service. So for shorter, downtown links, the stop spacing will be
closer than 1/8 mile (Chicago blocks are approximately 350 feet long or 1/16 mile).
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6) If TAP is more than 1/8 mile from amisting highway node, a link split is recommended at the
stop location in order to minimize error in walking time calculatighis is particularly
important if stop is in denselgoded MAZ area.

7) Once TAPs are coded, they can be offset by a small distammake viewing networks easier.

8) Each TAP is connected to the transit stop highway node via an auxiliary transit link set to a
minimal distance (1 foot).

9) Transfer links will be coded with a transfer time penalty and a rroe®ode specific transfer
cod penalty, if appropriate.

10) Walk distances can be set to vary by area type or district, in order to reflect longer relative walk
distances in downtown. Walk distances can also be set to vary by mode; with longer walks
allowed to stations and transit center

The TAP file has one record per TAP, with the following attrilerested originally as shown irable

18. Subsequently, many more attributes are added to tA® Tile to represent transit station/stop type

and characteristics as well as characteristics of the surrounding area. An example of a full TAP file with
characteristics relevant for the TVPB procedure is showrabie19.

Tablel8: TAP File Created Initially

Field Name Description

TAP_ID TAP ID

X_Coord X coordinate or Longitude

Y_Coord Y coordinate or Latitude

TAZ_ID Number of TAZ that TAP is in

Metra_Rail 1 if stop is served by Metra Rail, else 0

CTA_Rail 1 if stop is served by CTA Rail, else 0

CTA_Express 1 if stop is served by CTA Express, else 0
Pace_Express 1 if stop is served by Pace Express, else 0

CTA_Local 1 if stop is served by CTA Local, else 0

Pace_Local 1 if stop is served by Pace Local, else 0

Stop_Type Stop type (1=Pole, 2=Shelter, 3=Platform, 4=Station, 5=Transit center)
Formal_PNR_Spaces Number of formal PNR spaces (0 if no formal PNR)
Informal_PNR_Spaces | Number of informal PNR spaces (0 if no informal PNR)
Daily Park_Cost Parking cost in cents

Elevator_Time Average time from station location to platform

Lot _Time Average time from center of PNR lot to station

Tablel9: TAP File with a Full Set of Characteristics Used for TVPB

Parameters [ Index | Skims generated
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Parameters

Index

Skims generated

Walk -transit-Walk path:

Walk time weight & walk speed

MAZ-TAP/TAP-MAZ

Walk distance

Auto-transit-walk path:

Travel time weight

MAZ(TAZ) -TAP(TAZ)
ITAP(TAZ)-MAZ(TAZ)

Travel time (total):
SOV-nontoll for PNR
HOV2-nontoll for KNR

Shortest access/egress time PNR/KNR MAZ(TAZ) -Closest fi O
TAP(TAZ)

Shortest access/egress time PNR/KNR Closest TAP(TAZ)

reversed MAZ(TAZ)

Extra travel time weight

Totali Shortest

Travel distance weight (cost per mile/VOT)

MAZ(TAZ) -TAP(TAZ)
ITAP(TAZ)-MAZ(TAZ

Travel distance:
SOV-nontoll for PNR
HOV2-nontoll for KNR

Boarding TAP:

Station type attraction factor

TAP

Boarding TAP type ()

Reattime information factor

TAP

1=yes, 0=no

Formal parking spaces weight (log)

TAP (PNR only)

# parking spaces

Informal parking spaces weight (log)

TAP (PNR only)

# parking spaces

Daily parking cost weight (1/VOT)

TAP (PNR only)

Daily parking cost

Parking lot time weight

TAP (PNR only)

Parking lot time

KNR convenience factor by category

TAP (KNR only)

KNR convenience category

Buffered area crime rate weight

TAP (MAZ) (WT only)

Buffered crime rate

Buffered retail density weight

TAP (MAZ) (WT only)

Buffered retail density

First boarding fare component weight TAP First boarding fare
(1/VOT)

Alighting TAP:

Station type attraction factor TAP Boarding TAP type ()

Formal parking spaces weight (log)

TAP (reversed PNR only)

# parking spaces

Informal parking spaces weight (log)

TAP (reversed PNR only)

# parking spaces

Daily parking cost weight (1/VOT)

TAP (reversed PNR only)

Daily parking cost

Parking lot time weight

TAP (reversed PNR only)

Parking lot time

KNR convenience factor byategory

TAP (reversed KNR only)

KNR convenience category

Buffered area crime rate weight

TAP (MAZ) (Not for reversed
PNR/KNR)

Buffered crime rate

Buffered retail density weight

TAP (MAZ) (Not for reversed

Buffered retail density

PNR/KNR)
First boardig fare component weight TAP First boarding fare
(1/VOT)
EMME TAP -to-TAP:
Total generalized time weight for user class| TAP-TAP Total generalized time for virtual

(default is 1.0)

path building

There is one wallaccess MAZ AP filghat is created by the program that uses the detailed navigation
network. It has one record per MAZAP connection, with the following attributes shown inrable20.
Only MAZTAP pairs within the maximum allowable walk distance per trip (3 miles) are listed which

makes the storage of this table feasible.

Table20: Walk Access/Egress Connections between MAZs and TAPs
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FieldName Description

MAZ_ID TAP ID

TAP_ID TAP Number

Distance Distance from MAZ centroid to TAP in feet

There are three driv@access filedablesthat are created programmaticallgne for formal PNR, one for
informal PNR, and one for KNRor PNR and KNR, auto time is used for access rather than walk time.
Auto time is currently available only at the FH&ZTAZ level since highway assignment is implemented
using a standard deterministic user equilibrium algorithm in EMNE&ch table hasne record per TAZ
TAP connection.

4.5. Estimation of Individualized Transit Path Choice Parameters

One of the mairfocuses of the current project was individualize parameters of transit path building
by person typesuch as/OT propensityto walk, sensivity to comfort, convenience &roductivitywhile

on board or in the station, etcldeally,the entire transitpath should be individualizetthiat corresponds

to the concept oDynamic Transit Assignmepdrallel to Dynamic Traffic Assignment with individual
microsimulation implementationHowever, an efficient Dynamic Transit Assignment procedure is not
yet available for a region of the size of Chicago. Thus, the adopted methodology for the curfeat pro
wasahybrid. The TVPB procedure (finding the best OMAAPDTAPDMAZ path) was implemented

in a completely disaggregate miesamulation fashion while the middle portion of the path (OTftaP
DTAP) was aggregated by three user clasgdsis, a wid range of individualized parameters is applied
to evaluate the access (OMAZ-OTAP) and egress (DF®FDMAZ) parts of the path. The middle part
(OTAZ0-DTAP) is prealculated as a set of uselassspecific skims. However, when the class is
specifiad for each user, a probabilistic choice model for class membership is applied that addresses a
range of person and household characteristics.

4.6. Transit Path Experimentation

CMAP transit model encodes transit service supply using the seven mode labels lisibteRil.

While one overall project objective was to evolveyond estimating choice models using "named
modes" such as "Metra Rail" as major drivers of the model specification, the seven mode distinctions
offered granularity useful in encoding figgained representations of impedance factors. The "Mode
Type", 'Bus Type", and "Hierarchy" columnsTiable21 are relevant to distinctions in such encoding
described later.

Table21: Named Modes Used in CMAP Transit Model
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Code Description Mode Type Bus Type Hierarchy
P PACE Regional Bus Local Local 4
L PACE Local Bus Local Local 4
B CTA Bus Local Local 4
C CTA Rail (the "EI") Local n/a 3
E CTA Express Bus Premium Express 2
Q PACHEXxpress Bus Premium Express 2
M METRA Rail Premium n/a 1

The purpose of this task was to evaluate additisaakice elements for evaluation in the pabhilding
process. We considered questions concerning how much weight travelers attach to IVidsisar
components and whether those weights varied by traveler characteristics, i.e. Is cleanliness more
important than productivity? Do different types of travelers value productivity opportunities
differently? One of the resources used to analyze suestions was the findings fromand

techniques used to conducthe Transit Cooperative Research Prograi®7HesearctCharacteristics of
Premium Transit Services that Affect Choice of Mode

The H37 research used revealed and stated preference sudegsy to inform MaxDiff modeling of user
preferences and logit modeling of user choices of transit. One of the surveys was conducted in Chicago,
giving the team direct observations on Chicago transit riders' perceptions of assorted impedance factors.
Forthe TCRP 137 project, RSG also used the revealed preference data describing actual transit paths
taken as a means of building transit pdthilding algorithms that could create small (no more than

three choices) sets of path choices per trip with a ligbbability that one path in the choice set

matched the observed path. For easy reference, this document labels the structured process of refining
the model pathbuilder to produce path choices matching actual paths as "path experimentation."

PathExperiment Method

Path experimentation was conducted using observations in the CMAP Travel Tracker Household Travel
Survey (HHTS). The model phtlilder was modified to employ the five additional factors described
below atop the detailed impedance calations performed in the original transit modédidble 22).

The boarding penalty factor (XferPen) was applied by adding it to the model's origalalljated

boarding penalty whereas the weight factors were applied as a multiplier to the appropriate impedance
total produced by the original model code. For example, the premiunelvicletime weight (PmIVTwt)
multiplied by the total perceived IVT tinfieom the original model was used as the final IVT time in the
path experiment model run.

Table22: Path Adjustment Factors Applied During Path Experimentation
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Path Factor Description Range

XferPen Additive boarding penalty (iminutes) applied to each transit boarding in | 0-10
the path

PmIVTwt Multiplicative weight applied only to "premium" mode types 0.51

NPbrdPenWt Multiplicative weight applied to total calculated boarding time only for noj 0.5-2
premium mode types

WtTmWit Multiplicative weight applied to each calculate wait time in the path 1-2

AuxTimWt Multiplicative weight applied to each calculated access, egress, and tran| 1-3
time (transfer time is the time spent getting to or between stations and dj
not include waitime while at the station)

Initially the CMAP Travel Tracker Household Travel Survey (BT 8lferedto those transit person

trip records with complete data on origin & destination location, demographics, trip purpose, and
specific transit modeised per trip leg resulting in 2,499 "usable" trip records. Later, a data cleaning
exercisevas completedhat used route identifiers to identify the fully detailed mode code (Tabéle

21) on an additional set of HHTS records resulting in a total of 2,631 usable trip records in the starting
data set.

Path Matching to Observed Data
Systematic exercisewere conductednatching modejproduced paths to surveyed paths in the HHTS
data in three general steps:

9 Step 1: initial path matching

1 Step 2: path matching refined by removing trip records found to be problematic

1 Step 3: path matching using refined match criteria additonal path factor combinations

1

Step 4: path matching using ordered mode matching applied to the results of groups of three
selected path factor combinations

General results in terms of total match rates by access mode and overall apdednién23. Path
factor combinations that produced the match results showitable 23 appear inTable 24 through
Table 26.

Table23: Path Experiment Match Results
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Access Type | Step 1 Results Step 2 Results Step 3 Results Step 4 Results
Walk 42% 43% 61% 53%

PNR 53% 54% 61% 60%

KNR 43% 43% 57% 52%

All Types 43% 44% 61% 54%

Paths Tested | 32 32 57 57

Match Criteria

Ordered Mode

Ordered Mode

Highest Mode

Ordered Mode

Matches Best paths by Best paths by acces Best of chosen 3 | Combination of
Reported access paths chosen 3 paths
HH Records | 2631 2570 2570 2570

Tested

The first experiment tested 32 systematically enumerated combinations of the five factors and used
"Ordered Mode" matching criteria which considered the modeled path to match the observed path only

if the mode for every trip leg matched in the obged order. For example, to match a HHTS trip record
where the user walked to board a local CTA bus (B) then transferred to CTA rail (C) to finish their transit
trip, the model pathbuilder would have to return a walkccess EC path in that order, to prduce a

match. As shown in the "Step 1 Results" columhaifle23 the most successful match rate of 53% was
obtained for PNRaccess trips with other access type match rates around 43%. Several sets of factors by
access type produced similar results (Jedle24).

Table24: Path Factor Combinations that Produced Step 1 Match Results

Path Success| XferPen PmIVTwt NPbrdPenWt | WiTmWt AuxTimWt
Best Walk 10 1 0.5 1 2
Best Walk 10 1 0.5 2 2
BestPNR 0 1 0.5 1 1
Best PNR 0 1 1.5 1 1
Best PNR 0 1 0.5 2 1
Best PNR 0 1 1.5 2 1
Best KNR 10 1 0.5 1 1
Best KNR 10 1 15 1 1
Best KNR 10 1 0.5 2 1
Best KNR 10 1 15 2 1

Detailed examination of the Step 1 Results concluded that a small set of HHTS records should be
discarded because their paths were such that the model would never successfully match them. After
discarding those records the matches were recomputed to pcedhe "Step 2 Results” Trable23.
Boldtext in Table25indicates new path factor combinations not present in the Step 1 Resultie
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24. The new combinations resulting from discardingigbematic records occur entirely for wadiccess
trips

Table25: Path Factor Combinations that Produced Step 2 Match Results

Path XferPen PmIVTwt NPbrdPenWt | WtTmWt AuxTimWt
Success

Best Walk | 10 0.5 0.5 1 2
Best Walk | 10 1 0.5 1 2
Best Walk | 10 0.5 0.5 2 2
Best Walk | 10 1 0.5 2 2
BestPNR | O 1 0.5 1 1
BestPNR | O 1 15 1 1
BestPNR |0 1 0.5 2 1
BestPNR | O 1 15 2 1
Best KNR | 10 1 0.5 1 1
Best KNR | 10 1 15 1 1
Best KNR | 10 1 0.5 2 1
Best KNR | 10 1 1.5 2 1

The entire project team discussed the findings from Steps 1 amalZoncluded that the "Ordered

Mode" matching criteria were too restrictive given the transith Chicago environment and that
"Highest Mode" criteria would be more appropriate. Thedattriteria first categorize the bus modes

by whether they are local or express service (column "Bus Tygdealhile21) then establish a mode
hierarchy by consolidating local buses into one level, CTA Rail into its own level, express buses into
another level, and Metra Rail as its own and highest level (column "Hierarchgblie21). To

constitute a match under "Highest Mode" the modeled transit path had only to have the same highest
mode per the hierarchy as the HHTS transit path. For example, a modeled path where the user walked
to CTA Bus (Ben transferred to CTA Rail (C) would match an HHTS record where the user walked
directly to CTA Rail and that was the only transit mode used, the user walked to any local bus then
transferred to CTA Rail, or where the user walked to CTA Rail then traasste local bus.

While these discussions were taking place the maded runwith additional path factor combinations it
had deemed desirable but which had not yet been produced given modg¢imas. Applying the new
"Highest Mode" matching criteria across the new set of 57 combinations of the five impedance
adjustment factors ppduced a marked increase in the best success rates as shown in the "Step 3"
column ofTable23. The best path combinations from Step 3 based on Isiglde matching (plus the
desire to have factor combinations that meaningfully differentiated potential traveler classes) were re
matched as a group using ordered mode criteria; those match results appear in the "Step 4" column of
Table23. From the Step 4 matching experiment two path factor combinaticere selectedto carry

into final estimation. The 1,395 HHTS records for which the two selgobegbs of factor combinations
obtained matches were tested with multinomial logit choice models. The models were specified to
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predict the likelihood of a traveler selecting a path built using the selected adjustment factors given trip
and traveler charaetristics (see next section). Due to the fairly low count of some access types by
traveler characteristics in the usable HHTS reamiithe access type distinction from pdblildingwas
movedto the choice model during the estimation process. The Beabf impedance adjustment
combinations deemed to hawgood explanatory power for traveler preferences in path choice appears
in Table26; the pathmadch rates by access type for this set appear in the "Step 4" columalbé23.

Table26: Impedance Factor Combinations th&roduced Steps 3 and 4 Match Results

Path Description XferPen PmIVTwt NPbrdPenWt | WITmWt AuxTimWt
Premium Service 0 0.5 15 1 1
Non Transfer, Non 10 1 0.5 2 2
Premium, Short Walk
Short Walk 0 1 1 1 3

4.7. Demographic Influence on Path Selection (Class Membership Model)

Multinomial logit choice modelas usedo quantify the significance and direction of effect of traveler,
access type, and trip purpose characteristics for HHTS path choices matched by the most successful
combinations of impedanckctor-adjustments to the model patbuilder. Age and income categorical
variables used for this modelingere specified as followsAge was categorized into two groups: 1) Up
to and including 35 years, 2) 36 years an older. Income was categorizéoungyoups: 1) Less than or
equal to $35K, 2) $35860K, 3) $60#100K, 4) higher than $100KVork purposewas used as a dummy
variable to estimate commute trips effects on path selection.

The first model specifications included separate models by access type and trip purpose. Estimation
attempts with those forms indicated that there were too few samples to have separate models. Instead
of having separate models by access and trip purpesestimated a single model with access type and
trip purpose as explanatory variables Initially travelers were also separated into three age groups, two
of which were subsequently combined due to low sample counts.

Subsequent estimation iterations us¢he impedance factor combinations for the 3 path choices:
premium service preference, direct, conventional, skactess service preference, and skactess
preference regardless of service. If a modeled path based on a particular factor combinataredat
the surveyed path, then that predicted path was identified as the observed choice. If more than one
path factor combination predicted a match or no combination had a match, the record was dropped
from the estimation dataset. Final model specificatiefinitions and results appear below.

Coefficients Definitions for thddnal Estimated Models:
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1 &"@Qtendency of people 35 years older towards choosing direct, conventional,-abogss
service preference

T 'QUi@gpreference of income group 2 ($3%M60K) towards choosindirect, conventional,
short-access service

1 "QUioqcdpreference of income group 3 & 4 (>$60K) towards choosing direct, conventional,

short-access service

& axoadpreference of PNR mode towds choosing direct, conventional, shartcess service

¢ oo dpreference of KNR mode towards choosing direct, conventional, sltogss service

0 O i qilpreference of work tour towards choosing direct, conventional, slagdess service

 "Qigpreference of people 35 years older towards choosing shocess regardless of service

"Q 0 ddpreference of income group 2 ($3M60K) towards choosing sheatcess regardless

of service

1 "Qéc@odpreference of income group 3 & 4 (>$60K) towsothoosing shoraccess regardless
of service

& axoodpreference of PNR mode towards choosing stamtess regardless of service

& coowdpreference of KNR mode towards choosing stamtess regardless of service

0 o i aypreference of work tour twards choosing showccess regardless of service

=A =4 =4 4 =4

=

Variable Definitions foithe Fnal Estimated Models:

=

0 "Q0 woQ ® 6 & & Bummy variable for people who are 35 years older, 1 if yes, 0 otherwise

"0¢ @6x0Q 6 & égpummy variable for those whose household income is between $35K and

$60K, 1 if yes, 0 otherwise

 "O& @dmQ Q6 & édiummy variable for those whose household income is higher than $60K,
1 if yes, 0 otherwise

1 O 6 & ediummy variable foPNR access mode, 1 if chosen choice using PNR access
mode, 0 otherwise

1 O 6 & edpummy variable for KNR access mode, 1 if chosen choice using KNR access
mode, 0 otherwise

T 0éidE AOI 1:Dummy variable for work trip, 1 if it is a work trip, 0 otherwise

=

The models were estimated initially with all variabl€alfle27 and Table28), then with no constants
(Table29), and finally with only significant variabl&saple30) that corresponds to the fiial specification
implemented in the CMAP ABM

Utility Expressions for theAll-VariablesModel:
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Table27: Final Estimation Results for Paths 5, 28, and 53, All Variables Model

Variable Coeff. SE T-Stat Note

ascnonel (constant for direct, 0.3384 0.4089 0.828
conventional, shoraccess service

ascnone?2 (constant for shortest | 1.1 0.353 3.12 On average, shortest walk service i
walk service) preferred

age? (tendency of age 35+ towar(¢ -0.2381 | 0.3701 -0.643
choosingdirect, conventional,
short-access service)

age3 (tendency of age 35+ towar( 0.05292 | 0.3136 0.169
choosing shoraccess path
regardless of service)

hhinc2_2 (tendency of income 0.1939 0.5515 0.352
group 2 ($35K560K) towards
choosing non transfer,an-
premium service)

hhinc34_2 (tendency of income | -1.249 0.4449 -2.81 High income less likely choose dire
group 3 & 4 (>$60K) towards conventional, shoraccess path
choosing direct, conventional,
short-access service)

hhinc2_3(tendency of income 0.1429 0.4728 0.302
group 2 towards choosing shert
access path regardless of service
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Table28: Final Estimation Results for Paths 5, 28, and 53, All Variables Model

Variable Coeff. SE T-Stat Note

hhinc34_3(tendency of income -1.249 0.3619 -3.45 High income less likely choose
group 3 & 4 towards choosing shortest access path
short-access path regardless of

service

acc2_2 (tendency of PNR mode | -0.08808 | 0.4785 -0.184
towards choosing direct,
conventional, shoraccess service

acc3_2 (tendency of KNR mode | 0.3366 0.5992 0.562
towards choosing direct,
conventional, shoraccess service

acc2_3 (tendency of PNR mode | -1.851 0.5655 -3.27 PNR less likelshoose shortest
towards choosing shomccess access path

path regardless of service)

acc3_3 (tendency of KNR mode | -1.623 0.7935 -2.05 KNR less likely choose shortest
towards choosing showccess access path

path regardless of service

Purp_2 (tendency of work tour -0.7099 | 0.3743 -1.9
towards choosing direct,
conventional shortaccess service

Purp_3 (tendency of work tour -0.6081 | 0.316 -1.92 Work purpose less likely choose
towards choosing shomccess shortest access path

path regardless of service)

Initial LL: -328.4
Final LL: -269.4

Utility expressions for the three path impedance adjustment factor combinations for a No Constant
model:

YO @M1 Qa R INREXNQQT Q' ©Q
YO G 00 O 0 QL BRE DA 0 NIQIQMA QORI QE OQ
WAQ 6 QO o0 M6 ¢ G QW Q2 0L @GKIQ 6 ¢ d WQQEsdC
2 "0 @O 6 & & G GEOE 2 () GECR 6 & & G0 6I0a, 2 63 GD0&2 6 & & 60 O 1.
20 £ 1.6 &Ko & dw
YOS GG 0v w0l IQTQQN '@EQAHD O HXXTIiv QOQ
W2 6 QO (OO M6 ¢ G QB2 'O @6XIQ 6 & & Qoo
2"0¢ @GO 06 & & W CEWZ () CECR 6 & & G 6BUB Z () 6D 6 A @ 0 6 1.a
20 &1 6 &Ko & dw
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Table29: Final Estimation Results for Paths 5, 28, and 53, No Constant Model

Variable Coeff. SE T-Stat Note

age? (tendency of age 35+ towards| -0.1486 0.308 | -0.482

choosingdirect, conventional, shoft

access servicg

age3 (tendency of age 35+ towards| 0.5936 0.2674| 2.22 Over 35 persons more
choosing shoraccess path likely choose shortest
regardless of service) access path

hhinc2_2 (tendency of income grou| 0.4002 0.4678| 0.855

2 ($35K$60K) towards choosing

direct, conventional, shoraccess

service)

hhinc34_2 (tendency of income -1.058 0.375 | -2.82 High income less likely
group 3 & 4 (>$60K) towards choosedirect,
choosing direct, conventional, shert conventional, shoraccess
access service) service

hhinc2_3 (tendency of income grou| 0.8474 0.4103]| 2.07 Medium income more
2 towards choosing sho#ccess likely choose shortest
path regardless of service) access path
hhinc34_3 (tendency of income -0.7151 0.3176]| -2.25 High income less likely
group 3 & 4 towards choosing shert choose shortest access
access path regardless of service path

acc2_2 (tendency of PNR mode -0.06006 | 0.4768| -0.126

towards choosing direct,

conventional, shoraccess swice)

acc3_2 (tendency of KNR mode 0.3627 0.5994| 0.605

towards choosing direct,

conventional, shoraccess service

acc2_3 (tendency of PNR mode -1.847 0.5622]| -3.29 PNReess likely choose
towards choosing sho#ccess path shortest access path
regardless of service)

acc3_3 (tendency of KNR mode -1.733 0.8028| -2.16 KNR less likely choose
towards choosing sho#ccess path shortest access path
regardless of service

Purp_2 (tendency of work tour -0.6271 0.3539]| -1.77

towards choosing direct,

conventimal, shortaccess service)

Purp_3 (tendency of work tour -0.3783 0.3085]| -1.23

towards choosing shoftccess path
regardless of service)

Initial LL:

-328.4

Final LL:

-275.1
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Utility expressions for thesignificantvariablesonly model:
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Table30: Final Estimation Results for Paths 5, 28, and 53, Significant Variables Model

Variable Coeff. SE T-Stat Note
age3 (tendency of age 35+ towards 0.6501| 0.2417 2.69 | Over 35 persons more
choosing shoraccess path regardless of likely choose shortest
service) access path
hhinc34_2 (tendency of income group 3 -1.189| 0.3179 -3.74 | High income less likely
4 (>$60K) towards choosing direct, choose direct,
conventional short-access service) conventional, shor
access path

hhinc2_3 (tendency of income group 2 0.6646| 0.3393 1.96 | Medium income more
towards choosing shoftccess path likely choose shortest
regardless of service) access path
hhinc34_3 (tendency of income group 3 -0.774| 0.3097 -2.5 | High income less likely
4 towards choosing shogccess path choose shortest access
regardless of service path
acc2_3 (tendency of PNR mode towards -1.838| 0.5533 -3.32 | PNR less likely choose
choosing shoraccespath regardless of shortest access path
service)
acc3_3 (tendency of KNR mode towards| -1.829| 0.7812 -2.34 | KNR less likely choose
choosing shoraccess path regardless of shortest access path
service
Purp_2 -0.5466| 0.3038 -1.8
Purp_3 -0.349| 0.3003 -1.16
Initial LL: -328.4
Final LL: -283.5
The estimation results ifiable 30 are intuitive across several dimensions:

T ht RSNJ LISNE2ya GSYR (G2 OK22aS (GKS akKz2NI

want to walk as far since walk access is the domiaaness mode.

1 Medium income households tend to choose the shortest access path and higher income

households are more likely to choose premium service. This would lead to the assumption that

low income households tend to choose direct, conventional serpicdably because these
services would tend to cost less.
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1 People who drive to transit (both padnd-ride and kissand-ride) are less concerned with short
access paths, probably because driving a little further is not very onerous.

9 Trip purpose does ndtave a significant effect on the path choice.

These results were incorporated into the mode choice model estimation work to identify a preferred

path choice for each individual traveler.

4.8. Individual Propensity to Walk

In the TVPB procedure, we take &ful  R@I y il 3S 2F AYRAQDARdzZ f
propensity to walkand associated path building attributed his is significant step forward compared to
the prevailing modeling practices that operate with crude acithesboard estimaed like a 2.5 wait on

walk time versus kvehicle time or 3nile maximum walk threshold.

In the CMAP Transit

YAONREAAY

Modernization ABM, this component is implemented in two steps. First, each person is assigned an
individual propensity to walk scaled betweggro andone. Zero means minimal propensity to walk
while 1 means maximum possible propensity to walk. The model uses three curves: lower, median, and

upper bound, for propensity to wakks|

Fdzy OU A 2y askhowlNdFigues. IeInhdividuad S

propensity to walk is randomigrawn¥ 2 NJ S| OK A Y RA @A Rdzl f

dza A y 3

to have 0.5%, 50%, and 99.5% percentilesaétuthe values defined by the curves.

GaidNBi

Figure3: Propensity to Walk by Person Age
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Secondly, individual propensity to walk is translated into three transit path building parameters: base
walk time weight, walk speed, and maximum walk threshold (for a single trip) as summarizgaen
31. For intermediate values of walk propensity the corresponding parameters are linearly interpolated
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between the predefined minimum and maximum values for the extreme cases of propensity to walk
equalto zero or one. This way, all three path building parameter are logically correlated. For example,
a traveler with the maximumnopensity to walk (1.0), who must be of age between 16 and 35, the base
walk time weight (versus imehicle time) would be qual to 1.0, walk time speed would be 4.0 mph, and
maximum walk threshold would be 3 miles.

Table31: Individual Transit Pass Building Parameters as a Function of Walk Propensity

Walk Base walk Walk speed, Maximumwalk

propensity | time weight mph threshold, miles
0.0 3.50 1.00 0.50
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0 1.00 4.00 3.00

4.9. Classification and Parameterization of Transit Stations & Stops

Transit stations/stops play an important role in transit path choices. They primarily affect wait time
O2yRAGAZ2ya odzi OFy |faz2 FFFSOG (NI defdn StiNidtds OK2 A OS
including cleanliness, personal safety, provision of information, presence of amenities and commercial
activities, parking conditions (for PNR), etc. The main categorization and initial setting of path building
parameters is shown ifable32. Wait convenience factor reflects relative weight of each minute of

waiting vs. a minute of iehicle time. Redime information factor is a mitiplier that reduces wait

time weight (makes waiting less onerous) if the information is available. Boarding/transfer time reflect

an estimate of physical time required to traverse the station. It is further multiplied by an individual
perceptional fator depending on user class membership discussed above.
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Table32: Classification and Parameterization of Transit Stations & Stops

Station type | Visual association Wait Realtime Boarding / | Basic
convenience| information | transfer cleanliness
factor factor time, min estimate

1=Pole 2.50 0.9 0.5 80%

2=Shelter 2.25 0.9 0.5 80%

3=Plaza ' | 2.00 0.9 10 85%

4=Station 1.75 0.9 15 90%

5=Major 1.75 0.9 35 95%

station

Station cleanliness is an important characteristic of premium transit service that is normally ignored in
travel models. In the CMAP Transit Modernization ABM, station cleanliness is incorporated as a
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station/stop parameter that affects wait time and bating time weight. This parameter is also subject

to a special policy that improves cleanliness. Station cleanliness calculation involvestgfaion

specific base estimate shownTable32that is further multiplied by a station specific factor that

depends on the number of boarding and alighting passengseeFigure4. The marginal impact of

each passenger was calibrated to reproduce the available observed cleanlines#t datarrently set

to -0.01 multiplied by the log of total (boarding plus aliglg) passengers for station types 3, 4, and 5. It

is set to zero for station types 1 and 2 since cleanliness of bus stop poles and shelters is indistinguishable
from the environment.

Figure4: Station Cleanliness Calculation

Quality and image of the boarding and alighting stations are important factors in choosing transit service
and path by the user. A summary of the station characteristics used in the TVPB procedure is presented
in Table33. Station type and cleanliness affects boarding time weight and wait time wait that are used
for building the TARo-TAP part in transit assignment procedure implemented in EMME.

Table33: Summary of Station Characteristics use in the Virtual Path Building

Characteristic Origin TAP TAP-to-TAP Destination TAP
(access) (egress)

Station type X X X

Reattime information X (out) X X (inb)

Formal parking capacity X (out) X (inb)

Informal parking capacity X (out) X (inb)

Parking cost X(out) X (inb)

Parking lot walk time X(out) X (inb)

KNR convenience category X(out) X (inb)

Buffered area crime rate X(out) X (inb)

Buffered retail density X X

First boarding fare X

Boarding (traversal) time X

Ease of boarding X

Station cleanliness X
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4.10. Perceived Boarding Time and Ease

Boarding time in the CMAP Transit Modernization ABM is calculated as a product of the physical time
defined by station type and perceptional multiplieseeFigure5. On top of this, linespecificeaseof
boarding & alighting is accounted as a perceived penalty ranging between 0 (for the most convenient
level platform) and 2 min (for the least convenient staircase). The base perceived weightfisgpeci
currently as 2.5. Additional weight is associated with station cleanliness.

Figure5: Perceived Boarding Time and Ease

Physical time Perceptional multiplier

& penalty

Base node attribute by
station type:

Mole, shelter = 0.5 min
Mlaza = 1.0 min
AStation = 1.5 min

Base perception: 2.5 ‘

Station cleanliness ‘

MMajor terminal = 3.5 min +
Line-specific ease of
boarding:

Mstaircase = 2.0 min

A ow floor = 1.0 min

A evel platform = 0.0 min

Station ¢eanlinessmpact on perception of boarding time is modelasl increasedoardingtime weight
multiplied bythe diminished cleanliness The sensitivity coefficient is currently set to 1.5. This means
that if the station cleanliness is, say, 80% (after accounting for the station activity) than the diminished
cleanlineswill be 1:0.8=0.2 and the additional wait time weight will be 825=0.30.

4.11. Perception and Parameterization of Wait Time

Wait time perceived by the transit users is modeled as a product of physical wait time (in green) and
perceptional multiplier (in yellow) that reftts wait conditions that largely relate to the station type
described above seeFigure6. The base physical wait is calculated as a product of the line headway
(combined for several overlapping lines in the optimal strategy assignment of EMME), fraction used to
describe the profile of passenger arrival at the transit stop/station, and efebeadwaymultiplier

that is used to constrain line boarding capacity. Average extra wait associated with transit unreliability
(currently applied for buses only) is added to the physical time. Perceptional multiplier includes-station
specific wait comenience factor described in the section on transit station type and an additional factor
that depends on the station cleanliness.
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Figure6: Wait Time Calculation in Transit Path Building

Physical time Perceptional multiplier
Station-specific
X X X wait convenience
Station
cleanliness

Wait time fraction used to cald¢ate the base wait time as function of the schedule headway is
presented inFigure?. For a frequent transit service (headway up to 10 min), we asghat

passengers arrive at transit stop randomly; hence the average wait time is calculated as half of the
headway. When headway grows, passengers start arriving aastapding to the schedule that is
expressed in a concave pieagse linear functiorwhere wait timebecomes progressiveshorter than

half of the headwayThe observed pattern shows that with the same frequency, more reliable (rail)
service is characterized by relatively shorter wait time (and more specific schedule based passenger
arrival at the station) compared to buses.

Figure7: Wait Time Fraction of Transit Line Headway
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Effective headway multiplier is calculated in the process of transit assignment equilibration. It reflects
total transit capacity costraints at boarding points as shownRigure8. Number of barding passengers

at each stop is compared to the residual capacity of the vehiclefahd boarding volume exceeds
residual capacity, a wait time multiplier is applied. The corresponding function reflects the assumption
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that if the boarding volume exceed capacity some of the passengers will have to wait for the next
vehicle.

Figure8: Effective Headway Mitiplier
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Averageextra wait time due to unreliability is another physical wait time component that occurs
because of the schedule nadherence of the transit services (especially buses). This component
represents another innovative feature of the Transit Modernization ABM. It is discussed in detail in the
corresponding section on reliability.

Station ¢eanlinesgmpact onperception ofwait time is modeleds increased wait time weight

multiplied bythe diminished cleanliness The sensitivity coefficient is currently set to 1.2. This means
that if the station cleanliness is, say, 80% (after accounting for the station activity) than the diminished
cleanlineswill be 1:0.8=0.2 and the additional watime weight will be 0.1.2=0.24.

4.12. Perception and Parameterization of In -Vehicle Time

In the Transit Modernization ABM,-irehicle time conditions are parameterized across a rich set of
variables that includeesating comforf productivity (work, sleep, saalize) deanlinesson-board

amenitiesas well as ecio-economic compatibility between ridets ¢ NI @S SNRAa LISNOS LI A 2
characteristics is subject to person type. Sineeehicletime is currently handled by EMME aggregate
assignment & skimmingrocedures, the possible multitude of person characteristics (age, income, etc)
was encapsulated in three user class groups, where there is a correlation between the class and average
income (growing from 1 through 3)The implemented concept ofivehicle time calculation is

presented inFigure9. Physical kvehicle time(that is shown in green as all physicatmonents)is

multiplied by a base (modeehicletype specific) perceptional multiplier and subsequently by an

additional multiplier that reflects specific conditions for a particular tRprceptional multipliers are
distinguished from physical time compents by the yellow color. Additional multiplier is a function of

the number of passengerssingthis line segment; thus this component requires internal equilibration of
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the transit assignment procedure. The darker yellow components specificallytendicaependence
on the number of passengers.

Figure9: Calculation of IaVehicle Time for Transit Path Building
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Average irvehicle time is calculated in the network assignment procedure implemented in EMME
according to thenetwork coding (Transit Time Function specified for each segment). The unreliability
component is currently set to zero, but it can be added in future in a way similar to how extra wait time
was added (discussed below in the section on unreliability).

The base irvehicle time multiplier is currently specifidy transit modess shown ifrable34. The

coefficient reflects a bundle of characteristgsch as comfort, convenience, productivity, temperature,

amenities, etc, associated with each mode. In further research it would be interesting to estimate the
contribution of each characteristic and make the modelegéehicle time perception completely

Gdzytl 06St SR @ ¢tKS o0FasS 02STTAOAS yspeciicperdepddili K SNJ RA T
described abovén the section on user class membership

Table34: Base InVehicle Time Perception Multiplier

Mode-vehicle type In-vehicle time comfort/convenience factor
Local bus (BPL) 1.00
Express bus (EQ) 0.90
CTA train (C) 0.95
Metra rail (M) 0.85

Crowding effects and implemented crdimg functions are discussed in detail in the corresponding

section below.Productivity bonus is applied to decreasevighicle time perceptional weight fareated

passengersseatedand standing passengers are separated explicitly in the transit assignment and
skimming procedure)lt is currently specified byansit modevehicle type and differentiated by user

class as presented able35. Specifically, user class 3 that is associated with higher inaache

62



CMAP Transit Mvdernization ABM

preferencefor commuter rail (explained in the section on user class membership) has the most
substantial productivity bonus.

Table35: Productivity Bonus foSeatedPassengers

Mode -vehicle type Fixed in-vehicle time productivity bonus as reduction of
perceptional multiplier

User class 1 User class 2 User class 3
Local bus (BPL) 0.00 0.00 0.00
Express bus (EQ) -0.05 -0.05 -0.10
CTA train (C) 0.00 0.00 0.00
Metra rail (M) -0.05 -0.10 -0.25

Social environment in the transit vehicle is usuallymodeled explicitly However, apleasant social
experiences constantly rankedmongst top 5 negative factors divertitrgvelersfrom public transit
The cret of commuter rail attractivenesslargely inits social environmentalthough productivity and
reliability play an important role as well. In the Transit Modernization ABM, this effect is modeled
explicitly by means of therpportion of different user classes encountered each transitsgment.
Presence of other user classes differentially affectspieeived IVT multiplies shown irFigurel0.

Figurel0: Social Environment Component of-Mehicle Time Perception

—

- 9 Perception of
Class 1 by X

IVT multiplier :
componentfor - - y Perception of
Class X Class 2 by X
- o Perception of
L Class 3 by X

The proportion of each user class on each transit segment is skimmed as the result of equilibrium transit
assignment. The cros$ass perceptions are specified a3& matrix in the way shown ifable36.

| dZNNByitezr 2yte (2 aaz20Aalft FNROGAZ2yaé I NB ALISOAT
made regarding class 3 and somewhat small class 1 aversion assumption for class 2. Since the classes

are correlated with income this can be expressed as that higher income travelers (and especially

commuter rail users) would try to avoid transit serviceattare used by lovincome travelers.
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Table36: Matrix of CrossClass Social Perceptions

Modeled passenger | Perception of other passengers as additional IVT weight
Class 1 Class 2 Class 3

Class 1 0.00 0.00 0.00

Class 2 0.10 0.00 0.00

Class 3 0.50 0.00 0.00

ONboard cleanliness is another important attribute that is normally ignored in travel models. In the
Transit Modernization ABM, a modgecific cleanliness diminishing factor is calculated for each line
segment as shown schematicallyFigurell. The calculation is based on the ratio of the cumulative
number of passengers from the beginning of the line divided by the line total capacity. Thibaatio
represents a relative intensity of the line use is multiplied by the marginal effect of one passenger to
violate (originally clean) condition3.he one person contribution coefficient was calibratedeplicate

the observed statistics on cleanlireepercentage (in the range of 76885% depending on mode and

line).

Figurell: Calculation of OfBoard Cleanliness Factor

The cleanliness diminishing factor represents an extra weight imposedwahiale time to reflect the
negative perception that transit users have of unclean vehidieshe model application, this weight is
additionally differentiated by user classur€ntly classes 1, 2, and 3 are assigned sensHivity
cleanliness attributes of 0.5, 0.75 and 1.00 that are multiplied by the cleanliness diminishing factor.

4.13. Incorporation of Capacity Constraints and Crowding

Most appliedtravel modelsstill utilize simplified unconstrained transit assignmebcedures. This
simplification results in two particular problems. Fir&dlership greater thanotal line capacity is

allowed that is obviously an unrealistic outcome. Secondigonvenience and discomfan crowded

transit vehiclesif particular,standinginstead ofsitting) isignoreddespite that this factor strongly

affects transit route choice, mode choice and other travel choices. The current research was intended
to incorporate both factors inraoperational travel model in a consistent ndaplicative way.
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The first related aspect is to ensueasibility of transit ridership forecasbr each line and segment with
respect to thetotal capacity constraint This means that in a case where thenit volume exceeds

total segment capacity a penalty should be applied until the feasible solution is reached. A feasible
solution might not exist especially if a restricted transit assignment framework with a fixed transit table
is employed (i.e. the ders of overcrowded lines can only switch to some other lines). It is normally a
better chance to find a feasible solution if a mode choice framework is also employed (i.e. the riders of
overcrowded lines can also switch to alternative modes). In tefmbgloavioral realism, the most
appealing method to address infeasible volumes is to increassit wait timesat the corresponding
boarding stations, i.e. use effective headways rather than schauhded headwaysThis is based on

the assumption thathe riders will not always be able to board the fiestiving vehicle and will have to
wait for the next vehicle. Effective headways is general is difficult to observe in reality. Thus, the form
of the effective headway function is derived based on tle¢ical considerations and evaluated by the
aggregate outcome of model application.

The second related aspect is to take into accauntvding in the vehiclas a negative factor in the user
perception of transit service qualityFrom this standpoinfjot only exceeding of the total vehicle
capacity but also exceeding the seated capacity (or even approaching it) should be penalized since
standing is generally perceived by transit users as a very strong negative factor. Also, in a crowded
vehicle,seated passengers experience inconvenience in finding a seat and getting off the vehicle
Crowding, however, should not be penalized in the same way as exceeding the total capacity since it is
still a feasible observed situation. In terms of behavioral realismprobability of having a seat should
be reflected in the perceiveim-vehicle time weight This factowasincorporated in the transit
assignment and mode choice mod@enalizing irvehicletime in crowding vehicles transit

assignment is algohimicallysimilar toapplying volumedelay functionsn highway assignmentThis
perceived weight should be estimated statistically which was one of the main purposes of the current
research.

There were successful examples of applying both effective hagsland irvehicle time crowding
weights in one model equilibrium framework. We also applied two functions (effective headway and
crowding irvehicle time weight) in parallel.

There is a significant body of literature reporting different forms of criogdunctions estimated with
either Revealed Preference (RP) or Stated Preference (SP) data or just calibrated based on the
comparison of the model outcome to the aggregate ridership data. Some examples of the functions
estimated for British Rail and Lo Underground are shown Figurel?2.

65



CMAP Transit Mvdernization ABM

Figurel2:

Examples of Crowding Functions

4.000

3.500

3.000

2.500

2.000

Crowding factor

1.500

0.500

0.000

1.000 -

H
J
. 1 1
It (11 1
L 1t [
11Tl I
[
W H LU
L

0o MmN~ =N oM D M N~ n o M~
4 Hd N NNm® © N~ o~ © ® o O

101
105
109
113
117
121

R I B T e B 0 b
< 8 100w o © ©

100%*Voltr/Cap

Underground / Abraham (seat=60%—— Underground / Abraham (seat=40%
Rail / Abraham = = = Rail / Maunsell (seat=60%

= = = Rail/ Maunsell (seat=40%

Despite significant differences in functional forms and parameters from study to study there is a clear
common denonmator that can be summarized in the following way:

1

Perceived (inconvenience) weight forvahicle time is a monotonically increasing (and most
frequently convex) function of the number of passengers in the vehicle. It takes a value of 1.0
(maximum converience) when the number of passengers is undergbatedcapacity. It starts
increasing when the number of passengers approacheséhgedcapacity and grows the most

when the number of passengers approaches the total capacity.

It is a strong indic&n from the previous research that-irehicle time for a crowded vehicle at
maximum capacity should be weighted significantly (1.5 or more).

Vehicle desigandproportion between total andeatedcapacity affecthe crowding function
Typicalurbansubl @ YR 6a42YS0 dzNbly o0dza OSKAOf Sa | NB
low proportion of seats and consequently many standing passengers but standing itself is less
onerous. For these vehicles, the crowding function starts increasing at aegldtiw volume

but remains relatively flat until the total capacity is reached. Typical commuter rail and express
0dza OSKAOfS& IINBE dodaAatld G2 aSrdéo ¢KSe +fft2g
itself is very inconvenient. For these vahg, the crowding function starts increasing only at

relatively high volumes but it grows rapidly when the total capacity is approached.

Qowding function en be further segmented by persage trip purposetrip lengthsand other

person and/or trip chracteristics that affect perception of crowding inconvenience, and

standing in particular.
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In the LACTMA study, 6 model specifications were explored that correspond to 6 crewidiegl

effects reported previously or hypothesized as possible ways toowepthe model. Some of these
hypotheses were confirmed by the estimation results while some other ones not. Below we discuss
both positive and negative results. In order to facilitate the further analysis we present the crowding
weights in a graphicabfm inFigurel3.

Figurel3: Main Crowding Effects

Generic Crowding Effec Crowding Effect by Trip Purpos
1.8 1.8
1.6 /‘ 16
_ 14 . 14 —
£ / =
g 12 g 1.2
o T ' o 1 _Q =&— Commute
E 17 g 1 —
g 0.8 _ S 08 == Non-commute
= =eo— Crowding effect <
2 06 ¢ 06
£ £ Non-commute
0.4 04 normalized
0.2 0.2
0 : : : . . . 0
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Crowding levels Crowding levels
Crowding Effect by Age Crowding Effect by Mode
25 25
2 A 2
= = =8 Bus
=y =y
s s
15 15
E / g —8—LRT
° _ =8— Age under 46 years ®
E 14 I Age 46+ S 1l m Commuter rail
g ¢ g
< Age 46+ normalizec < LRT normalizec
0.5 05
=== Commuter rail
0 T T T T T T ] 0 . . . . . . ) normalized
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Crowding levels Crowding levels
Crowding Effect by Income Crowding Effect by Trip Lengtl
2 3
1.8
1.6 L 25
_‘EED ' r_\/ = /
_g 14 //‘?A .§ 2
1.2
E /" == Income $060K .E /
< 1T 5 15 y/ —8~— Less than 30 min
L o8 == Income $60K+ o 1 .
s U < 1 ~= 30+ min
[ ]
< 06 Income $60K+ E 30+ min normalized
0.4 i
normalized 05
0.2
0 T T T T 0 T T T T T T
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Crowding levels Crowding levels

67



CMAP Transit Mvdernization ABM

Nonnormalized curved represent crowding weights relative to the minimum crowding level for the
same segment (for example, commuting to work and-aark trip weights calculated separately).
Normalized curves represent crowding weights relative to theimmiim crowding level (for example,
commuting to work and nofwork trip weight calculated relative to the minimum crowding level for
commuting trips).

The first specification used a generic formulation where crowding level used as the only segmentation
dimension for invehicle time coefficient. Overall, the estimation results confirmed the main hypothesis
that crowding is perceived by transit users as an extra weight-eehicle time that becomes quite
significant (1.62) at the extreme crowding lev&his number is somewhat lower than the numbers
adopted for extreme crowding levels in some previous studies as discussed above (2.0 and higher).
However, it is still very significant and affects transit assignment and mode choice results strongly.

The seond specification included a segmentation by trip purp@®mmuters to work and college
where separated from trip for other (nework) purposes. The original hypothesis was that crowding
would be perceived as somewhat more onerous for commuters dukeadrequency of the trip while

for less frequent trips the users will be more tolerant to (occasional) crowding. This hypothesis was
confirmed although the difference between travel purposes was not striking. The most significant
difference correspondstthe highest crowding level that the users are more willing to tolerate on an
occasional notwork trip but become very negative when it comes to a daily commuting trip.

The third specification included segmentation by person age. The original hgpothas that younger

users might be relatively tolerant to crowding while older users would be more sensitive and crewding
averse. In particular, having a seat should be essential for older users. The estimation results confirmed
certain agerelated effects. The most statistically significant results were obtained when the transit

users were broken into two broad categoriegounger users of age 45 or younger and older users of

age 46 or older. There are two particular effects intertwined. One of tbembe seen when the

relative weights for irvehicle time are normalized versus theviehicle time at the lowest crowding

level for the same age group. In this case, older users proved to be more sensitive to higher crowding
levels than younger users wah is expressed in a greater weight (1.65 versus 1.51). The second
interesting effect is that the base-irehicle time coefficient for the lowest crowding level proved to be
significantly lower for the older users. This means that wdelted the olde users perceived travel

time as a less onerous factor compared to younger users. When the ride becomes less convenient and
probability of having a seat decreases the perception of time of older users is approaching the
perception of younger users.

The faurth specification included segmentation by mode. The original hypothesis was that the vehicle

design would have a significant impact on the crowding function. Bus curves were hypothesized as
NBfIFGAGSte FtIF G odzi elylow bidwkiggIevels Bincé theselvahilesdaialbuiltltold NI f
make standing convenient. The commuter rail curve was hypothesized to have a longer initial flat part

and then a spike at the end when crowding approaches the maximum level since commuter rail cann
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accommodate many standing passengers and standing in general is inconvenient. LRT curve was
expected to be somewhere between bus and rail. While this initial hypothesis was somewhat confirmed
the model estimation results gave some additional insightis the in-vehicle time perception by

different transit modes. It proved that there is an overall difference between modes across all crowding
levels where more convenient modes like LRT and Commuter Rail are characterized by-iehérian

time coefftients than bus. This is an interesting finding that suggests a differentiatiorvehicle time
coefficients by mode that is somewhat contrary to the prevailing practices. Overall, a discounting
coefficient of 0.8 for most crowding levels except ferywhigh crowding levels seems reasonable for rail
modes compared to bus. When a relative crowding effect is added on top of this, it manifests itself
stronger for rail modes although the curve proved to be not as steep as was expected.

The fifth sgcification included segmentation by household income groups. The original hypothesis was
that transit users with higher income would exhibit more sensitivity to comfort and convenience, hence,
a more crowdingaverse behavior expressed in a steeper craygdiunction. This can be supported by

the fact that highefincome travelers generally have more alternative options available because of the
higher car ownership and higher willingness to pay while manyihnoame transit riders are captives
because the ato for them is either not available or prohibitively expensive (for example, because of the
parking cost). Multiple attempts were made with different income brackets to capture a systematic
effect but neither of them brought a conclusive and statisticalfjnificant difference. The specification
reported in this paper included two groups: 1=with a yearly income under $60K, and 2=$60K and more.
As can be seen, no significant variation evéhicle time coefficient by income was found across the
entire range of crowding levels. This finding might look couiniaritive but it can be explained if the

entire combination of behavioral parameters is compared across incomes. This is true, that value of
time is strongly correlated with income. However,ded not automatically mean that the-irehicle

time coefficient should be lower for loimcome users. It is more behaviorally appealing to assume that
the lower value of time for lovincome users would rather be a consequence of a higher cost coefficient
(i.e. higher sensitivity to cost). In the same vein, there is no particular reason why while having an
option to choose lowincome users would be more tolerant to crowding and standing. When the
willingnessto-pay factor is controlled, the user preferegwith respect to convenience (traded against
in-vehicle time) proved to be similar across all income groups. When the cost coefficient is taken into
account, higheincome users are willing to pay more for convenience but this effect is proportional to
their willingness to pay more for travel time savings. The expectation thatiimigime users would

have a somewhat special sensitivity to crowding beyond their overall higher willingness to pay was not
confirmed by the data.

The sixth specification atuded segmentation by trip length. The original hypothesis was that trip length
would have a strong effect of the steepness of the crowding function. It is logical to expect that transit
users would be tolerant to crowding (and standing) when the &righort while for longer trips that

would try to avoid crowded vehicles (and standing). Multiple statistical trials with different functional
forms were implemented to capture this effect. However, the results proved to be either statistically
insignifi@ant or inconclusive. An example with trip segmentation byehicle time into two categories:
1=under 20 min, and 2=20 min or longer, is shown in the table to illustrate the typical outcome. The
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crowding weight proved to be roughly equal and independsgrite trip length. While, this result

looked originally counteintuitive and disappointing, it can be explained by the underlying choice model
structure. In the choice model contexyen if the weight is constanthe resulted crowdingffect does
grow with trip lengthbecause the choice probability is defined by the difference in the utilities, and not
by their ratio. Consider an-vehicle time weight of 1.5 for a certain crowding level. With this weight,
10 min ina crowded vehiclevould beequivalent to 5 extra mirof travel time while60 min ina crowed
vehiclewould beequivalent to 30 extra miof travel time. Tus trip length would manifest itself in
strongercrowdingaverse behaviofor longer trips even if the weight per min is constant.

The function currently adopted for the CMAP Transit Modernization Bdlire14) is a modification of
the generic function developed for the LACMTédsy. In this function seatedand standing passengers
are distinguished explicitly. This form is more advanced and better serves the current study since an
explicit segmentation by standing asdatedpassengers is also important for calculation of pretivity
bonus that should only be applied seatedpassengers.

Figurel4: Adopted Crowding Function
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4.14. Incorporation of Transit Service Reliability

Our intention is toricorporate transit service reliability in addition mode-specific wait time curvem

a wayit was implemented in Los Angeles, G is currently undergoing an extensive research for the
Los Angeles County Metropolitan Transit Authority (LACMTA) funded by FTA with respect to transit
service reliability ad its incorporation in the travel model. The outcomes of this research are applicable
to the CMAP ABM. In general, transit reliability is defined as transit vehicles arriving/departing on
schedule. Unreliable service may result in bus bunching, whighes buses deviate from their

scheduled arrival intervals (i.e. headways). This deviation in service interval can subsequently increase
stop wait time for riders. Currently, the LACTMA demand model (as practically all applied travel models)
is insensitre to transit reliability as it assumes buses/trains arrive on schedule and maintain their
desired headways. However, this is often not the case in selected areas where buses/trains often arrive
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late (and sometimes early) due to a variety of reasonsudieg but not limited to, congestion,
incidents, and additional dwell due to passenger demand, bicycles, and wheelchairs.

Without accounting for reliability, the utility (or attractiveness) of transit is overrepresented relative to
the utility of othermodes such as auto and walk as well as other transit routes that are not crowded.
Therefore, the purpose of this work is to incorporate transit service reliability into the travel demand
model in a manner that can be forecasted and can be modeled witkigatficant additional data

needs. The end result of this work is a simple transit reliability function that is a function of readily
available highway and transit level-service measures. The resulting function is used within the transit
assignment prcess to generate extra average wait time at stops. The extra average wait time due to
reliability is skimmed and included in the utility of bus in the mode choice model.

There are multiple ways to define transit reliability. The simplest definitithmaisa transit service is
unreliable at a stop if it arrives late or leaves early with respect to the schedule. Some more precise
definitions of reliability include:

En route Schedule Adherence (E&pgrcent arrivals within-(, +5) min scheduled wigv
Headway Regularity (HRpercent actual headway within (150% to 50%) of scheduled headway
Wait Assessment (WA)percent headways <= (scheduled headway + 3 minutes)

Coefficient of Variation in Headways{)& standard deviation of headway deviatiomean
scheduled headway

In-Service OfTime Performance (ISOT¢P3ame as ESA and currently used by Metro

Extra Average Wait Time (EAWTTactual average wait time scheduled average wait time)
assuming average wait time is half the headway, weightecchgduled headway interval (see
model estimation section for an example)

= =4 =4 =

= =4

All of these reliability measures are also measures dfrae performance. Each requires a threshold at
which service is deemed dime. For example, the ESA and ISOTP measuredafitime as a six

minute window (from one minute early to five minutes late) around the scheduled arrival time. At

Metro, service is currently atime 77 percent of the time according to ISOTOP. However, the ISOTP on
time window is greater thanthehéag | @ 2F a2YS fAySa adzOK +a GKS wl LY
most useful measure of reliability. The Extra Average Wait Time (EAWT) measure simply calculates the
average expected wait time from the schedule and subtracts it from the actual averaiginmeai A

related measure is the ratio of actual average wait time to average expected wait time, which is
insensitive to the magnitude of the expected wait time and is easier to compare across locations where
the expected average wait times are very @iféint. The EAWT measure is the key reliability measure

used in this study since it is does not have any arbitrary bounds and since it@ensgr measure of

reliability that can easily be coded into the demand model.
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After developing the model estimiain data set, some additional data pgstocessing was done before
estimating the model. The main data pgsbcessing step was to calculate stop level (by route and
direction) EAWT. This was done as follows:

Calculate the actual headway from the actaadival times

Calculate the actual wait time as half the actual headway

Calculate the weighted actual wait time using the scheduled headway interval as the weight
Do the same for the scheduled wait time to get the average weighted schedule wait time
Subtact the weighted actual wait time from the weighted schedule wait time to get the extra
average wait time (EAWT)

=A =4 =4 4 =4

The following additional measures were created and used in the model estimation as well:

1 Accumulated roadway saturation (ARS) = (accumulaliéek of average previous road segment
LOS) weighted by (road segment VMT)

1 Accumulated transit stop activity saturation (ATS) = (accumulated boardings + alightings from the
start of run) / (total vehicle capacity for run)

The model vasthen estimatedbased on the data provided byus operators in the Chicago
Metropolitan Regiorthat defines EAWT as a function of such variables@simulated roadway
saturation(time-of-day specific parametersjumulative transitline occupancycumulatve route length,
accumulated number of stops, and average weighted schedule wait(figerel5). EAWT is
proportional to the schedule headway capped by 30 min wtadirether factors affect the second
multiplier. This model wascorporatedin the equilibriumtransit assignment.

Figurel5: Extra Average Wait Time due to Unreliability of Bus Service

R

4.15. Incorporation of Fare Structures in  Transit Mode & Path Choice

/altQad ¢NIYyaAld a2RSNYATFGA2Yy a2RSt AyOfdzRSa | NBLJ
payment policies that permits the modeler to interpret how enftLJ2 O1 SG 02 &G YAIKEG | FFS
choice of transit path. Thiacludes, to the extent practicable, the cost incentives and discounts offered

08 (KS NBIA2YyQa UGKNBS LlzfAO GNIXyaAd | 3ISyOArAsSa Gz
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Discounts for monthly and muitide passes, seniors and person with disaed are not included in this
path-choice discussion, but can be incorporated in mode choice on the demand side.

This discussion is presented in three sequential sections to permit the development of algorithms for
use in transit path skimming. The famounts, as of May 2012, are shown in cents as expected in the
model code.

Operator Codes

The following codes are used in network coding to identify the transit operator providing the service on
each line. They currently correspond to the fare policy essed with each code. These codes cannot
be used to distinguish between types of vehicles or amenities.

 CTA Rail (Mod&

1 CTA Regular Bus (Mod®=
1 CTA Express Bus (Mode=
1 Pace Regular (Mod&*

1 Pace Local (Modé¥

1 Pace Express (Mod&¥F

1 Metra (modeM)

Singleline Ride Fares

A singleline ride is the simplest transit path. It consists of a transit rider finding a direct connection
between boarding zone and destination zone that can be accomplished without transferring between
transit vehicles. Fareceasdire the preferred media for CTA and Pace. Cash fares are only allowed on
buses and are not actively encouraged by the operators. The currently applied prevailing fares and
payment types are summarized Trable37.

Table37: Single Ride Transit Fares in the Chicago Metropolitan Region

Operator code Transit mode Fare in cents Prevailing payment method
C CTA train 225 Farecard

B Local bus 225 Cash

B Local bus 200 Farecard

E Express bus 225 Cash

E Express bus 200 Farecard

P Local bus 175 Farecard or Cash

L Local bus 175 Farecard or Cash

Q Express bus 400 Farecard or Cash

M Metra rail See table below
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Metra Zonal Fares

Metra fare districts A through M are based on distance from downtown Chicago. below shows the
single line fare charged for a ride to or from district A (central Chicago). To find the fare for non
downtown interchanges, displace the first column of thatrix below by the number of rows needed to
move the destination zone to the top of the list and reading the corresponding fare from the origin
district row. (e.g. the fare from district F to E is found by moving E to the top along with the rest of the
list; i.e. the fare is 300). Outbound fares are symmetrical.

Table38: Metra Zonal Fares

275

300

425

475
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575
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675
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775

825
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925

Intra-AgencyTransfers

Following the EMME conventioogncatenating the operator codes indicates a trip that uses any (but
not necessarily all) of the codes in the list.

CTA@BB and PaceRQL offer fare discounts for customers who transfer between lines during the
course of their trip. Up to two additial boardings are permitted at a discounted fare within a two
hour period.

CBE

CTA permits riders to alight and-beard the same line at different stops within the two hour period (i.e.
it is not necessary to board a different line in order to earndiszount)
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1 25 = f'transfer
1 0 =2%ransfer

CC (select locations only)

There are several important stations on the CTA rail sys@nhét allow free transfers between all
lines serving the station. These are currently coded with a single (oodgs platform) or a walk
transfer (pedway or bridge between stations). The latter may involv aninute walk and/or 12 story
vertical change.

0 = unlimited transfer for all lines at the following locations

1 Merchandise Mart (32071): ctr002, ctr008
1 Qark/Lake (32170, 32094, 32160): ctr002,ctr003, ctr004, ctr005, ctr008, ctr009, ctr010, ctr051

1 State/Lake/Washington (32092, 32161, 32090): ctr002, ctr003, ctr004, ctr005, ctr008, ctr009,
ctr010, ctr051

1 Adams/Wabash (32164): ctr002, ctr003, ctr004, ctr@2&)09, ctr010
1 Washington/Wells (32073,32169): ctr002, ctr008, ctr009, ctr010

1 Jackson/State/VanBuren (32030, 32077, 31650, 31651): ctr001, ctr002, ctr005, ctr008, ctr009,
ctrl10, ctrO51

1 Clinton (32096): ctr003, ctr004, ctr010
1 Roosevelt (32032, 31750): @01, ctr003, ctr004, ctr009
1 Howard (32009): ctr001, ctr002, ctr007

1 Ashland (32116): ctr003, ctr004, ctr010

PL(Q)

Transfersdiscountsare onlyofferedto other Pace routes. Transfers can be used for two trips following
the initial ride. These trips must be taken within two (2) hours of the beginning of the initial ride.
Reverse riding oa Proute using a transfer is allowed within the twur time limit.Discount does not
apply when transferringo Qfrom PQ or L

1 25 = f'transfer
1 0=2%transfer
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LL

Transfers between Local Pace routes are free, and are valid for one hour. Reverse nidiragjasved
using fee local transfers:

1 0 = f'transfer

MM

Metra offers no discount for transferring between its own lines.
Inter-AgencyTransfers

In general, the current fare policies do not discount transfers in a way that encourageagetecy
transfers.

(CBE)(PL)

No discount is currently offered to transfeetween CTA and Pace. This is a temporary condition
resulting from budget shortfalls and is expected to bémeoduced shortly. It will likely follow the
intra-agency bus transfer policy.

M(CBE)(PL)

Metra Monthly Pass holders can purchase a premiussgar an additional $45 ($30 for Pace only) that
permits unlimited free rides on CTA or Pace during peak travel times only. It is primarily oriented
toward suburban commuters to downtown that do not work within walking distance of the Metra
terminals. This is probably not a significant path choice determinant, but may be useful on the mode
choice side.

The described rules in mode-mode transfer fareare summarized ifable39. The rules from this

table were applied in the transit assignment and skimming procedure implemented in EMME/4 using
advancemodulesb:32 (Extended Transit Assignment) and 6.27 (Analysis for Extended Transit
Assignment)
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Table39: Mode-to-Mode Transfer Rules foExtraFare Calculation

Mode from Mode to (transfer fare in cents by number of transfers)
C B E P L Q M
C-CTA 1=25 1=25 1=25 Expected: | Expected: | Full fare Full farefor
train 2=0 2=0 2=0 1=25 1=25 Metra
selected 2=0 2=0 Discounted
stations: Currently: | Currently: fare 100 for
1=0 Full fare Full fare CTA based
on monthly
pass extra
of $45
B-CTALB | 1=25 1=25 1=25 Expected: | Expected: | Full fare Full fare
2=0 2=0 2=0 1=25 1=25 Discounted
2=0 2=0 fare 100 for
Currently: | Currently: CTA based
Full fare Full fare on monthly
pass extra
of $45
E-CTAEB | 1=25 1=25 1=25 Expected: | Expected: | Full fare Full fare
2=0 2=0 2=0 1=25 1=25
2=0 2=0
Currently: | Currently:
Full fare Full fare
P-Pace reg. | Expected: | Expected: | Expected: | 1=25 1=25 Full fare Full fare
1=25 1=25 1=25 2=0 2=0 Discounted
2=0 2=0 2=0 fare 75 for
Currently: | Currently: | Currently: Pace based
Full fare Full fare Full fare on monthly
pass extra
of $45
L-Pace LB | Expected: | Expected: | Expected: | 1=25 1=0 Full fare Full fare
1=25 1=25 1=25 2=0 Discounted
2=0 2=0 2=0 fare 75 for
Currently: | Currently: | Currently: Pace based
Full fare Full fare Full fare on monthly
pass extra
of $45
Q-Pace EB | Expected: | Expected: | Expected: | 1=25 1=25 Full fare Full fare
1=25 1=25 1=25 2=0 2=0
2=0 2=0 2=0
Currently: | Currently: | Currently:
Full fare Full fare Full fare
M-Metra Discounted | Discounted | Discounted | Discounted | Discounted | Discounted | Full fare
fare 100 fare 100 fare 100 fare 75 fare 75 fare 75
based on based on based on based on based on based on
monthly monthly monthly monthly monthly monthly
pass extra | pass extra | pass extra | pass extra | pass extra | pass extra
of $45 of $45 of $45 of $30 of $30 of $30
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4.16. Model System Integration
In summary, the following main improvements were incorporated in thd&RBWIP setup delivered to
CMAP:

1 All location choices grerestructured to take advantage dfie MAZ level of spatial resolution
(16,819MAZs).

9 TransitVirtual Path Buildingprocedure vas implemented to find the best pathNOAZOTAP
DTAPDMAZ) withthe first boarding station@TAR and last alighting statioXTAP choice for
all transit modes. #part of it aspecial procedurgvasbe developed that calculates
access/egreswalktimes MAZto-TAPusing a detailed navigation netwark

 Twod f & & Watk-to-transit modes gconventionat and dpremiune) were replacedwith a
single generic walko-transit submode. Taking into account that PNR and KNRmsglale were
made generic already in Phase 1, the entire model systeésnO | Y St [0/ RfySRé @

1 Transitassignment, skimming, and TVpPBceduresnow applied for each of the 8 timef-day
periods as it isvas prevouslyimplemented for the highway procedures. Mode choice and
other models will take advantage of more specific tiofeday choicd OSinsteadof transit
peak and offpeakLOS applied in Phasg 1

A detailed description of the software components, ifisiigon, input and output files can be found in
the companion User Guide delivered to CMAP.
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5. Model System Validation in Phase 2

5.1. Validation & Calibration Targets
Validation targets for Phase 2 remained the same as for Phase 1

5.2. Validation & Calibration Results

The new transit procedures were integrated into the CMAFRRBWP model system. This included

transit assignment and skimming macros implemented in EMME macro scripting langutrgaditr

with walk access by Gser classefl=walk avers@=trans’S NJ | @GS NB S §Ir@reinNibB fraxsit A Y SRE 0
seeker$ as well all required modifications to the-BRAMP mode choice models (televel and trip

level) and Utility Expression Calculators. The modifications included new matrix references for the

extended séof skims and new mode availability rules with respect to set of modes available for generic

Walk to TransitPark and Ride and Kiss and Ride. All transit assignment and network procedures were
completely updated to incorporate a large numberagfditional attributes including vehicle, station, and

service characteristics and tested. This procedure is based on the advance features incorporated in the
latest version of EMME that includesa new versionoft 9 EG SYRSR ¢ NI yaAild aéamAadayys

TheTARto-TAPskims for transit LOS attributes are fed to f(héPB procedure incorporated in ti&
RAMP mode choice model. Transit procedures were implementegligeriods 1=Night, 2=AM early,
3=AM peak 4=AM late, 5Midday, 6=PM early7=PM pak, 8=PM late The corresponding skims are
used to construct.OSrariables for all periodsy adding access and egress components for each transit
trip individually The improvements to the transit procedures and mode choice model resulted in a
much beter match to the observed data. Below are examples of comparison of the model output at the
tour level to the observed data (targets) by 2 main tour purposes (work angwvaok), 4 transit modes
(1=conventional transit with walk access, 2=premium trangth walk access, 3=park and ride, 4=kiss
and ride), and 25x25 origin and destination districts. As an example in this report, we compare the
model output to the expanded Household Travel Survey, 2085 Table40-Table45. Similar
comparisons were made to all other available sources (CTPP jeurveyrk table as well as Metra,

CTA, and PACE-board surveys)
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Table40: Comparison oModel Output to the Expanded Household Travel Surveyork Tours, Transit with Walk AccesgPhase2)

TARGETS WORK WK PRE
[Origin Destination Sector
Sector| 1 2N 2NW__2WNW__ 2W__ JWSW__ 2SW. 25 3N _3NW__3WNW__ 3W___ 3WSW__ 3SW___ 35 XWI___ XIL 3IN XIN_| 4NW___4N____4WNW__ 4w 4wsw] 4sw | Total
1 32,382 1702] 742 - 280 2216] 280 709 - B 653 B 1,255 B - B - 103 - - 176 - B E B 40,498
2N 74,653 16,808| 1319] 1554| 407 - 560| 1457 1602 - 637| 325 - - - - - - - - 312 - - - - 99,634
2NW 17,709 1676|1145 3570 438 - - - 148 325] et - - - - - - - - 183 - - - - - 25,865
2WNW 5218 - 877| 4985| 2580 - - 308 - 702 - 308 112 B - - - - - - B - B - B 15,001
2w 16,058 - 438] 1,020 777|  452| 856 56 - - 161 - - 194 - B - - - - B - B - B 20,013
2WSW 12,941 1,010 98 - 2307|2664 1831 B - B - B - - - - - - - - B - B - B 20,851
25w 12,773 569| 3,188 - - - 5818] 2,019 - 546 - - - - - - - - - - - - - - - 24,912
28 44,715 1,394 595 - 1,275 943|  3,893] 16,797 - 521 70 88 - 365 373 - - - - - - - - - - 71,029
3N 4,779 452 - - - - - 2,354 393 73 - - - - - - - - - - - - - - - 8,051
3NW 2,879 - - - - 73 - - - - - - - - - - - - - - - - - - - 2,951
3WNW 4,648 - - - - - - - - - - - - - - - - - - - - - - - - 4,648
3w 3,548 1,496 - - - - - - - - - - 2,474 - - - - - - - - - - - - 7,519
3WswW 13,737 456 - - 1,496 - - - - - 282 - - - - - - - - - - - - - - 15,971
3sW 7,342 - - - - - - - - - - - - - - - - - - - - - - - - 7,342
3s 2,284 - - - - - 852 768 - - - - - - 513 - - - - - - - - - - 4,416
3IN 2641 - - - - - - 104 - 21 - - - 150 - - - 1,495 - - - - - - - 4,412
XIN 1472 73 - - - - - 114 - - - - - - - - - - 142 - - - - - - 1,800
ANW 5,841 87 B 87 - - 218 - - 377 - B - B - B - - - > B - B - B 6,610
aN 4,017 - - - - - - B - - 740 - - B - - - - - 1659|5345 - B - - 11,761
AWNW 1,061 - B - - - - - - B - B - B - - - - - - - 347 - - B 1,409
aw 914 - - - - - - - - - - - - - - - - - - - - - = - - 914
4WSW 4,654 - - - - - - 83 - - - - - - - - - - - - - - - - - 4,738
4SW 5,372 - - - - - - - - - - - - - - - - - - - - - - - - 5,372
Total 281,638 25,722 8,402| 11,216 9,559 6,347 | 14,308 24,769 2,143 2,565 3,214 721 3,842 709 885 - = 1,598 142 1,841 5,833 347 - = - 405,804
MODEL OUTPUT WORK WK PRE
Origin Destination Sector
Sector| 1 2N 2NW__2WNW__ 2W__ JWSW__ 2SW. 25 3N 3NW__3WNW__ 3W__ 3WSW _ 3SW___ 35S XWI___ XIL 3IN XIN | 4NW___ 4N 4WNW__ 4w 4wsw| 4sw | Total
1 36,620 680]  400] 160 280  340] 560 120 20 B 20 40 20 B - B - - - 40 60 - B - B 39,360
2N 73,520 14680 2840] 400| 300 220 140 260| 880  120| 120 60 20 - - - - - - 120] 500 - - - - 94,180
2NW 29,180 2800 7,540  780|  620]  240| 160 180 80 500 520 80 40 - - - - - - 40 340 - - - - 43,100
2WNW 13,860 680 1,780|  1,760| 1000/ 260 120 40 40 20| 200 80 40 - - - - - - - 160 - - - - 20,040
2w 20,360 360| 580 600  2500] 640 160 80 40 20 60| 480 - 20 - B - - - - 20 - B - B 25,920
2WSW 17,440 140| 240|320  960| 2640 680 80 - - 20 380 380 60 - - - - - - 20 - B - - 23,360
25w 23,720 300|280 40 380  620| 4480 1040 40 B 20 40 120 540 20 B - - - - 20 - B - B 31,660
2s 58,960 560 440 80 140|  360| 1,760 7,080 40 - - 80 20| 440 200 - - 360 - - - - - - 20| 70,540
3N 4,920 620 200 - - 20 - - 700 40 20 20 - - - - - - - 80 540 - - - - 7,160
3NW 1,720 160 540 - 40 20 - - 80 1,520 680 20 - - - - - - - 280 180 40 20 - - 5,300
3WNW 3,400 20 240 60 60 - 20 - - 480 1,900 200 80 20 - - - - - - 40 680 - - - 7,200
3w 5,460 60 60 40 380 20 20 20 20 - 60 2,480 480 20 - - - - - - - - 20 - - 9,140
3Wsw 7,300 40 40 - 120 120 - 20 - 40 40 400 3,860 60 - - - - - - - 20 40 260 - 12,360
3SW 8,700 60 140 - 40 80 280 540 - 20 - 20 40 2,220 140 - - - - - - - - - 160 12,440
3s 6,240 40 20 - - 20 40 700 - - - 20 - 180 1,540 - - 40 - - - - - - 40 8,880
XWI 40 - - - - - - - 20 - - - - - - - - - - - 60 - - - - 120
3IN 420 - - - - - - 60 - - - - - - 20 - - 160 - - - - - - - 660
XIN 40 - - - - - - 20 - - - - - - - - - - 100 - - - - - - 160
ANW 1,860 140 220 - - - - 20| 260 340 160 - - - - - - - - 2280 1140 20 - - - 6,440
aN 2,540 380 60 - - - 20 20 500[ 100 20 B - B - 40 - - - 440| 3,540 - B - B 7,660
AWNW 480 - 80 - 40 - - B 20 40 180 80 20 20 - B - - - 60 20| 2580 - 20 B 3,640
aw 540 - 40 - - - - B - 40 - 340 20 B - B - - - - B 60| 400 40 B 1,480
4WSW 440 - 20 - 20 20 - - - - - 40 600 - - - - - - - - - 60 2,260 20 3,480
4SW 2,040 - - - - 40 60 80 - - - - 80 360 20 - - - - - - - - - 3,480 6,160
Total 319,800 21,720| 15,760 4,240 6,880 5,660 8,500 10,360 2,740 3,280 4,020 4,860 5,820 3,940 1,940 40 - 560 100 3,340 6,640 3,400 540 2,580 3,720 440,440
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CMAP Transit Mdernization ABM

Table41: Comparison oModel Output to the Expanded Household Travel Surveon-Work tours, Transit with Walk AccesgPhase2)

TARGETS NON WORK WK PRE *s 3
Origin Destination Sector
Sector 1 2N 2NW_ 2WNW__ 2W  2WSW__ 2SW 2 3N 3NW__ 3WNW__ 3w 3WSW __ 3SW___ 3S XWI XIL 3IN XIN | 4NW 4N 4WNW 4w 4wsw] 4sw | Total
1 35,361 1,425 E 886] 4,327 346 481] 3,046 285 B - B B - 280 - E E - 1,818 - - E E E 48,255
2N 15,325 23586 2,963 326] 1,630 - - 291 343 - - 81 - - - - - - - - - - - - - 44,546
2NW 4,794 2680|4108 2,789 € B 1527 239 - - - 239 B B B - - - - 1527 - - - - - 17,903
2WNW 1312 197| 2,000 1881 2821 - - - - - - - - - - - - - - - - - - - - 8,211
2w 6,923 481 298| 2,084| 7,653 392 209 1,105 - - - 662 B B B - - - - 662 - - - - - 20,670
2WSW 2,491 250 197 - 948| 6,838 194 - - - - - - - - - - - - - - - - - - 10,918
25W 5,543 3,605 - - - 1556]  7.987| 1172 - - - B - - B - - 70 - - - - - - - 19,933
28 23,597 701 140 189] 1,793 778|  6,229] 62,194 381 446 - - - 1,430 70 - - - - o1 - - - 381 - 98,420
3N 667 % - - - - - - 852 - - - - - B - - - - 262 - - - - - 1,877
3NW 298 - - - - - - - - 551 - - - - - - - - - - - - - - - 848
3WNW 330 - 226 - - - - - - 70 = B B B B - - - - - - - - - - 625
3w 1,503 - - - - - - - - - - - - - - - - - - - - - - - 306 1,809
3WSW 539 - - - - - 227 - B B B - 870 218 B - - - - - - - - - - 1,854
3sW 141 - - 123 - 195 - - - - - - - - - - - - - - - - - - - 458
3s 5219 - - - - - - - - - - - - - 110 - - - - - - - - - - 5,329
XIL - - - - - - - - - - - - - - - - > - - - - - - - 0 0
3IN 41 31 - - - - - - - - - - - - - - - 1,741 75 - - - - - - 1,889
XIN 371 - - - - - - 15 - - - - - - - - - - 159 - - - - - - 546
ANW 1,144 - - - - - - - - - - - - - - - - - - 1555 351 - - - - 3,051
aN 775 232 - - - - - - - - - - - - - - - - - 278 591 - - - - 1,876
AWNW - - - - - - - - - - - - - - - - - - - - - 327 - - - 327
aw - - - - - - - - - - - - - - - - - - - - - - 218 - - 218
AWSW - - - - - - - - - - - - - - - - - - - - - - - 3,443 - 3,443
45W 544 - - - - - - - - - - - - - 849 - - - - - - - - - 456 1,848
Total 106,919 33,284 9,932| 8,277| 19,172] 10,106 17,054] 68,061] 1,861| 1,067 = 983 870 1,648] 1,309 = = 1,811 235| 6,194 942 327 218| 3,824 762| 294,854
MODEL OUTPUT NON WORK WK PRE
Origin Destination Sector
Sector 1 2N 2NW__2WNW__ 2W _ 2WSW__ 2SW. 2 3N 3NW__3WNW__ 3W__ 3WSW__ 3SW___ 3S XWI XIL 3IN XIN_ | 4NW___ 4N 4WNW__ 4w 4wsw | 4sw | Total
1 13,060 5240 1,180 800 1680 1420 1,180] 2,940 60 20 - 60 60 40 - - - - - - - - - - 20 27,760
2N 15,840 22960 2,420 340 200 40 120 780 500 60 40 80 - 20 - - - - - - 60 20 - - - 43,480
2NW 8,300 3620 8720 1,420 360 220 100 300 60 300 140 20 - 20 - - - - - 40 60 - - - - 23,680
2WNW 5,660 1280] 2300|  2920] 1,200 500 100 220 20 - - 40 20 20 B - - - - - - - - - - 14,280
2w 7,400 340 740| 1,120 6460] 1,180 280 520 20 20 20 400 80 100 - - - - - - - 20 - - - 18,700
2WSW 6,440 180 220 260| 1,220 6,360 640 280 40 - - 100 280 100 B - - - - - - - - - - 16,120
2S5W 6,100 340 40 100 260 740 9560 2,200 20 - - - 20 440 - - - - - - - - - - 20 19,840
28 17,160 840 260 140 160 280| 3,580| 24,960 40 - 20 20 - 380 600 - - 80 - - 60 - - - 40 48,620
3N 580 580 240 40 40 - - 40| 2320 340 - 20 - - - - - - - 20 180 - - - - 4,400
3NW 420 120 500 60 60 20 60 20 80| 2800] 400 - 20 - - - - - - 60 - - - - - 4,120
3WNW 400 80 200 40 100 40 40 20 20 440[ 2,460 240 20 - - - - - - - - 480 - - - 4,580
3w 440 40 60 40 140 60 20 60 - - 60| 3620] 480 B B - - - - 20 - - - 20 - 5,060
3WSW 720 20 60 - 60 260 40 60 - - - 320 5,640 40 - - - - - 20 - - - 20 100 7,360
3sW 440 40 - 20 80 100 800 220 - - - - 100 [ 3,160 260 - - - - - - - - - 40 5,260
3s 600 20 - - 20 - 40 400 - 20 - - - 120 3,240 - - 40 - - - - - - - 4,500
3IN 80 - - - - - - 80 - - - - - - 20 - - 80 - - - - - - - 260
XIN - - - - - - - - - - - - - - - - - - 200 - - - - - - 200
ANW 340 120 120 20 20 20 - - - 40 40 - - 20 - - - - - 4,960 160 - - - - 5,860
aN 340 280 40 - - - - 40 80 20 - - 20 - - - - - - 440 [ 5,340 - - - - 6,600
AWNW 80 - - 20 - - - - - - 320 - - - - - - - - - - 3,000 - - - 3,420
aw - - - 20 - - - - - - - 40 40 - - - - - - - - 60 740 - - 900
AWswW 80 - - - - - - - - - - - 380 - - - - - - - - - 80| 3,600 - 4,140
45w 220 20 - - - - 20 40 - - - - 40 60 20 - - - - - - - - - 3,980 4,400
Total 84,700 36,120] 17,100 7,360] 12,060 11,240 16,580 33,180] 3,260] 3,560] 3,500] 4,960] 7,200] 4,520] 4,140 - - 200 200 5560 5860] 3,580 820| 3,640 4,200| 273,540
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CMAP Transit Mdernization ABM

Table42: Comparison oModel Output to the Expanded Household Travel Surveyork Tours, KNRPhase 2)

TARGETS WORK KNR s =]
[Origin Destination Sector
Sector 1 2N 2NW 2WNW 2W 2WsSwW 2SW 2S 3N 3NW 3WNW 3w 3wsw 3swW H5) XWI XIL 3IN XIN ANW 4N 4WNW 4W 4WSW 4SW Total
1 497 - - - - 56 - - - - - - - - - - - - - - - - - - - 553
2N 2,825 - - - - - - 69| 1,194 - - - - - - - - - - - - - - - - 4,088
2NW 2,311 - 186 - - - - 208 - - 160 - - - - - - - - - - - - - - 2,865
2WNW. 1,623 - - - - - - - - - - - 112 - - - - - - - - - - - - 1,735
2w 1,129 - - - - - - - - - - - - - - - - - - - - 177 - - - 1,306
2WSW. 89 - - - - - - - - - - - - - - - - - - - - - - - - 89
2SW 2,395 - - - - - - - 113 - - - - - - - - - - - - - - - - 2,508
2s 2,668 1,726 - - - - - 585 - - - - - - - - - - - - - - - - - 4,979
3N 457 - - - - - - 397 - - - - - - - - - - - - - - - - - 854
3NW 2,651 - - - - - - - - - - 44 116 - - - - - - 36 - - - - - 2,847
3WNW 6,125 - 591 - - - - - - - - - - - - - - - - - - - - - - 6,715
3w 1,526 - - - 185 - - - - - - 285 598 - - - - - - - - - - - - 2,504
3WSW. 5977 - - - - - - - - - - 487 - - - - - - - - - - - - - 6,464
3sW 3,621 - - - - - - - - - - - - - - - - - - - - - - - - 3,621
3s 1,547 - - - - - - 64 - - - - - - - - - - - - - - - - - 1,611
3IN 2,630 - - - - - 55 87 - 21 - - 24 - - - - 44 - - - - - - - 2,861
XIN 698 - - - - - - - - 24 - - - - - - - - - - - - - - - 722
ANW 4,010 383 73 - - - - - 93 - - - 153 - - - - - - 109 - - - - - 4,820
an 780 - - - - - - - - - - - - - - - - - - - - - - - - 780
AWNW 509 - - - - - - - - - - - - - - - - - - - - - - - - 509
aw 760 - - - - - - - - - - - - - - - - - - - - - - - - 760
4WSW 3,331 - - - - - - - - - - - - - - - - - - - - - - - - 3,331
4SW. 3,564 - - - - - - - - - - - - - - - - - - - - - - - - 3,564
Total 51,723 2,109 849 - 185 56 55 1,410 1,400 45 160 817 1,002 - - - - 44 - 145 - 177 - - - 60,177
MODEL OUTPUT WORK KNR
Origin Destination Sector
Sector 1 2N 2NW_ 2WNW __ 2W  2WSW__ 2SW 2S 3N 3NW__ 3WNW __ 3W  3WSW_ 3SW _ 3S XWI XIL 3IN XIN | 4NW 4N 4WNW 4w 4wsw| 4sw | Total
1 440 160 100 40 - 40 60 20 - - 20 - - - - - - - - - 20 - - - - 900
2N 11,780 820 200 - 20 20 - 20 40 - - - - - - - - - - - 20 - - - - 12,920
2NW 4,880 220 440 40 60 20 - - - 20 - - - - - - - - - - 40 - - - - 5,720
2WNW. 2,340 40 240 60 40 - 20 - - - 20 - - - - - - - - - - - - - - 2,760
2w 3,280 20 - 20 120 60 - - - - - 20 - - - - - - - - - - - - - 3,520
2WSW. 3,140 20 - 20 100 160 - - - - - 20 60 40 - - - - - - - - - - - 3,560
2SW. 5,020 60 - - 20 80 320 100 - - - - - 40 - - - - - - - - - - - 5,640
2s 12,500 80 40 - - - 180 260 - - - - - 40 40 - - 20 - - - - - - - 13,160
3N 840 60 - - - - - - 40 - - - - - - - - - - - 40 - - - - 980
3NW 640 - 60 - - - 20 - - 180 60 - - - - - - - - 80 60 - - - - 1,100
3WNW 800 20 - 40 - - - - - 20 160 - - - - - - - - - - 100 - - - 1,140
3w 1,500 - 20 - - - - - - - - 260 20 - - - - - - - - - - - - 1,800
3WSW 1,500 - - - - 20 - - - - - - 300 - - - - - - - - - - 80 - 1,900
3sw 2,180 - - - - - 100 40 - - - - 20 160 20 - - - - - - - - - - 2,520
3s 1,500 20 - . - - - 60 . - - - - 20 220 - - 20 - . - - - - . 1,840
XWI - - - - - - - - - - - - - - - - - - - - 40 - - - - 40
3IN 420 - - 20 - - - - - - - - - - - - - 80 - - - - - - - 520
XIN 20 - - - - - - - - - - - - - - - - - 40 - - - - - - 60
ANW 520 - - - - - - - 20 20 20 - - - - - - - - 280 120 - - - - 980
4N 480 - 20 - - - - - 20 - - - - - - - - - - 40 220 - - - - 780
AWNW 180 - - 20 - - - - - 20 20 - - - - - - - - - - 260 - - - 500
aw 120 - - - - - - - - - - 40 - - - - - - - - - 20 20 - - 200
AWSW 100 - - - - - - - - - - - 80 - - - - - - - - - - 100 - 280
4SW. 960 - - - - - - - - - - - - 20 20 - - - - - - - - - 360 1,360
Total 55,140 1,520 1,120 260 360 400 700 500 120 260 300 340 480 320 300 - - 120 40 400 560 380 20 180 360 64,180
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CMAP Transit Mdernization ABM

Table43: Comparison oModel Output to the Expanded Household Travel Surveyon-Work Tours, KNRPhase 2)

TARGETS NON WORK KNR Hs

Origin Destination Sector
Sector 1 2N 2NW_ 2WNW  2W  2WSW  2SW 2s 3N 3NW_ 3WNW_ 3W  3WSW 35w 3s XWI XIL 3IN XIN | 4anw AN AWNW 4w 4wsw | 4sw | Total

1 699 - 304 - - - - - - - - - - - - - 1,004
2N 1,144 183 - - - - - - - - - - - - - - - - - - - - - - - 1,327
2NW 98 . 5 . . . - - . . . - . . : - - 219 - . - . - . . 317

2WSW - - - - 199 = - - - - - - - - - - - - - - - - - - - 199
25W : - : . . - 143 - . . - - . . : - - : : - - - : - . 143
28 243 - - - - - - 390 - - - - - - - - - - - - - - - - - 633
aN - - - - - - - - 55 - - - - - - - - - - - - - - - - 55
3NW 29 - - . - - - - - - B . - - - - - - - . - - - . - 29
3WNW 207 - - - - - - - - - - - - - - - - - - - - - - - - 207

3WSW 1215 - - - - - 110 - - - - - o - - - - - - - - - - - - 1,326
3s5W :
3s 590 - - - - - - - - - - - - - 97 - - - - - - - - - - 686
3IN 70 - - - - - - 21 - - - - - - - - - - - - - - - - - 91
XIN 129 - - - - - - 13 - - - - - - - - - - 24 - - - - - - 166
ANW 2,728 - - - - - - - - - - - - - - - - - - - - - - - - 2,728
aN [N . - . . . - - . . . - . . : - - : - . 5 . - . . 0
AWNW - - - - - - - - - - - - - - - - - - - - - 71 - - - 7
aw - - - - - - - - - - - - - - - - - - - - - - - - - -
AWSW 567 - - - - - - - - - - - - - - - - - - - - - - B - 567
4SW 403 - - - - - - - - - - - - - - - - - - - - - - - 254 657

Total 8,498 183 = 582 = 394 425 55 = = = = = 97 = = 340 24 = = 71 = = 254 10,921

MODEL OUTPUT NON WORK KNR

Origin Destination Sector

Sector| 1 2N 2NW_ 2WNW _ 2W  2WSW__ 2SW 2 3N 3NW_ 3WNW__ 3W  3WSW __ 3SW __ 3S XWI XIL 3IN XIN [ 4NW 4N 4WNW__ 4w 4wsw | 4sw | Total
1 80 500 80 - 80 100 80 200 - - - - - - - - - - - - - - - - - 1,120
2N 1,380 260 40 20 - - - - - 20 - - - - - - - - - - - - - - - 1,720
2NW 520 - 60 20 - 20 - - - - - - - - - - - - - - - - - - - 620
2WNW 580 - 20 40 - - - - - - - - - - - - - - - - - - - - - 640
2w 760 . - 20 80 20 - - . . . - . . : - - : - . - . - . . 880
2WSW 720 - - - 20 80 20 - - - - - 20 - - - - - - - - - - - - 860
25W 460 - - - - 20 40 80 - - - - - - - - - - - - - - - - - 600
28 2,200 20 - - - - 40 340 - - - - - - - - - - - - - - - - - 2,600
3N - - - - - - - - 40 - - - - - - - - - - - - - - - - 40
3w - - - - - - - - - 20 20 - - - - - - - - - - - - - - 40
3WNW 80 - - - - - - - - 60 40 - - - - - - - - - - - - - - 180
3w 60 - - . - - - - . - 40 20 20 - - - - - - . - - - . - 140
3WSW 40 - - - - 20 - - - - 20 - 120 - - - - - - - - - - - - 200
3sW 20 - - - - - - - - - 20 - - 80 - - - - - - - - - - - 120
3s 80 - - - - - - - - - - - - - 60 - - - - - - - - - - 140
3IN 40 - - - - - - 40 - - - - - - - - - 40 - - - - - - - 120
ANW 20 - - - - - - - - 60 - - - - - - - - - 100 - - - - - 180
aN 60 20 - - - - - - - - - - - - - - - - - - 160 - - - - 240
AWNW - - - - - - - - - - - - - - - - - - - - - 160 - - - 160
aw 20 . - . . . - - . . . - . . : - - : - . - . 20 . . 40
AWSW 20 - - - - - - - - - - - - - - - - - - - - - 20 20 - 60
4s5W 60 - - - - - - - - - - - - - - - - - - - - - - - - 60
Total 7,200 800 200 100 180 260 180 660 40 160 140 20 160 80 60 - - 40 - 100 160 160 40 20 - 10,760
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CMAP Transit Mdernization ABM

Table44: Comparison oModel Output to the Expanded Household Travel Surveyork Tours, PNRPhase 2)

TARGETS WORK PNR  [ns =]
Origin Destination Sector
Sector 1 2N 2NW_ 2WNW _ 2W  2WSW _ 2SW 25 3N 3NW_ 3WNW _ 3W_ 3WSW__ 3SW 3s XWI XIL 3IN XIN_ [ anw. 4N 4WNW 4w 4wsw ][ 4sw | Total
1 262 - - - - - - - - 112 - - - - - - - - - - - - - - - 373
2N 2,624 313 - - - - 504 - - - - - - - - - - 168 - - 69 - - - - 3,679
2NW 3,720 - 76 - - - - - - - - - - - - - - - - - - - - - - 3,796
2WNW - - - - - - - - - 702 - - - - - - - - - - - - - - - 702
2w 1,698 - - - 942 - - - - - - - 921 - - - - - - - - - - - - 3,561
2WSW 584 - - - - - - - - - - - - - - - - - - - - - - - - 584
25W 462 - - - - - - - 113 - - - - - - - - - - - - - - - - 575
25 3,403 574 - - - 57 140 - - - - - - 182 - - - - - - - - - - - 4,356
3N 139 - - - - - - - - - - - - - - - - - - - - - - - - 139
3NW 73 - - - - - - - - 207 - - - - - - - - - - - - - - - 279
3WNW 142 - - - - - - - - - - - - - - - - - - - - - - - - 142
3w 1,862 - - - - - - - - - - 337 - - - - - - - - - - - - - 2,199
3WSW 5,034 - - - - - - 109 - - - - - - - - - - - - - - - - - 5,143
3sw 690 - - - - - - - - - - - - - - - - - - - - - - - - 690
3s 1,383 - - - - - - - - - - - - - - - - - - - - - - - - 1,383
3IN 82 - - - - - - - - 24 - - 24 - - - - - - - - - - - - 130
XIN 41 - - - - - - - - - - - - - - - - - - - - - - - - 41
aNW 263 - - - - - - - - - - - - - - - - - - - - - - - - 263
4N 611 - - - - - - - - - - - - - - - - - - - - - - - - 611
AWNW 1,304 - - - - - - - - - - - - - - - - - - - - - - - - 1,304
aw 1,485 - - - - - - - - - - - - - - - - - - - - - - - - 1,485
4WSW - - - - - - - - - - - - - - - - - - - - - - - - - -
4sw - - - - - - - - - - - - - - - - - - - - - - - - - -
Total 25,863 887 76 - 942 57 644 109 113] 1,044 - 337 945 182 - - - 168 - - 69 - - - - 31,437
MODEL OUTPUT WORK PNR
Origin Destination Sector
Sector 1 2N 2NW_ 2WNW  2W  2WSW  2SW 25 3N 3NW _ 3WNW  3W  3WSW _ 3SW 3s XWI XIL 3IN XIN | aNw 4N 4WNW 4w 4wsw | 4sw | Total
1 140 40 - - - - 40 - - - - - - - - - - - - - - - - - - 220
2N 3,600 180 20 40 - - - - 60 - - - - - - - - - - - 20 - - - - 3,920
2NW 2,380 120 160 - 20 - 20 - - 40 - - - - - - - - - - - - - - - 2,740
2WNW 1,040 - 100 20 20 - - - - - - - - - - - - - - - - - - - - 1,180
2w 1,300 - 60 - 20 - 20 - - - - 20 - - - - - - - - - 20 - - - 1,440
2WSW 1,120 20 - - - 100 - - - - - - 20 - - - - - - - - - - - - 1,260
25w 2,180 - - - - 20 40 40 - - - - - - - - - - - - - - - - - 2,280
25 4,940 - - - - - - 200 - - - - - - - - - 20 - - - - - - - 5,160
3N 600 40 - - - 20 - - 40 - - - - - - - - - - - - - - - - 700
3NW 580 - 60 - - - - - - 60 20 20 - - - - - - - 40 40 - - - - 820
3WNW 920 - 60 - - - - - - 60 140 20 20 - - - - - - - - 80 - - - 1,300
3w 900 - 20 - - - - - - - 20 140 40 - - . - - - . - 20 - - - 1,140
3WSW 1,620 - - - - 60 20 20 - - - 100 220 - - - - - - - - - - 20 - 2,060
3sW 2,000 - - - - - 20 20 - - - - 20 40 20 - - - - - - - - - 40 2,160
3s 1,620 - - - - 20 - 20 - - - - - - 40 . - . - . - . - - - 1,700
XWI - - - - - - - - - - - - - - - - - - - - 40 - - - - 40
3IN 540 - - - - - - 20 - - - - - - - - - 120 - - - - - - - 680
XIN 120 - - - - - - - - - - - - - - - - 80 20 - - - - - - 220
aNW 660 40 80 - - - - - 100 160 40 - - - - - - - - 300 140 60 - - - 1,580
4N 280 - - - - - - - 20 - - - - - - - - - - - 160 - - - - 460
AWNW 120 - 20 - - - - - - - 20 - - - - - - - - - - 200 - - - 360
aw 80 - - - 20 - - - - - - 40 40 - - - - - - - - 40 - - - 220
4Wsw 260 - - - - - - - - - - 20 60 - - - - - - - - - - 100 - 440
4sw 1,360 - - - 20 - - 20 - - - 20 20 120 20 - - - - - - - - - 180 1,760
Total 28,360 440 580 60 100 220 160 340 220 320 240 380 440 160 80 - - 220 20 340 400 420 - 120 220 33,840
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Table45: Comparison oModel Output to the Expanded Household Travel Surveyon-Work Tours, PNRPhase 2)

TARGETS NON WORK  PNR
origin Destination Sector
Sector| 1 2N 2NW_ 2WNW__ 2W  2WSW__ 2SW 25 3N 3NW_ 3WNW__ 3W _ 3WSW_ 3SW 35 XWI__ XIL 3N XIN | 4NW__ 4N ___4WNW__ 4w __ 4wsw]| 4sw | Total
1 579 - - - B 340 - - - - - B B - E - - - - B B - - - - 918
2N 933 1401 - - - - - - - - - 59| 354 - - - - - - - - - - - - 2,746
2NW 305 - 269 B - - - - - - - - - - - - - 219 - 211 - - - - - 1,004
2WNW - - 194 3 B B - - - - - B B - - - - - - - B - - - - 194
2w 1,679 21| 177 - 298| 662 - - - - - - - - - - - - - - - - - - - 3,037
2WsW 151 - - - 199 158 - - - - - - - - - - - - - - - - - - - 508
25W - - - - - - 441 113 - - - - - - - - - 140 - B - - - - - 694
25 140 - - B B - 8s2| 1094 - - - - - - 139 - - - - - - - - - - 2,255
aN 53 49 - B 87 - - - 207 - - - - - - - - - - - - - - - - 396
anw 541 - - - - - - - - 65 - - - - - - - - - - - - - - - 1,006
3w 142 - - - B - - - - - - = B - - - - - - B - - - - - 142
3Wsw 777 - - B - - - - - - - - 299 - - - - - - 431 B - - - 1,045 2,552
as 426 - - - - - 169 - - - - - - - 5 - - - - - - - - - - 594
3IN 9 - - - - - - 65 - - - B - - - - - 5 - - - - - - - 74
XIN - - - - - - - - - - - - - - - - - 65 5 - - - - - - 65
aNW 395 - - B B - - - - - - B - - - - - - - 890 - - - - - 1,285
aN 23 - - - - - - - - - - - B - - - - - - - 3 - - - - 23
2WNW - - - - - - - - - - - - - - - - - - - - - 3 - - - 5
aw - - - - - - - - - - - - - - - - - - - - - - 5 - - 5
awsw 1134 - - - - - - - - - - - 103 - - - - - - - - - - 98 - 1,335
45W - - - - - - - - - - - - - - - - - - - - - - - - B 5
Total 7,287 1671] 640 3 583] 1,160] 1,492] 1272]  207] _ 465 5 59] 756 g 139 5 5 224 5 1532 - g 5 98] 1,045] 18,820
MODEL OUTPUT NON WORK PNR
Origin Destination Sector
Sector| 1 2N 2NW_ 2WNW__ 2W _ 2WSW__ 2SW 2s 3N 3NW_ 3WNW__ 3W _ 3WSW_ 3SW 35 XWI__ XIL 3N __ XIN | 4NW__ 4N ___4WNW__ 4w __ 4wsw| 4sw | Total
1 120 40 40 B B B - 60 - - - B B B E - - - - B B - - - - 260
2N 1,220 380 120 40 40 20 - 100 - - - 20 B B - - - - - B B - - - - 1,940
2NW 880 200420 80 40 B - 40 20 20 20 B B - - - - - - B 20 - - - - 1,740
2WNW 380 80 40 [ 140 40 - 20 40 - - 60 - - - - - - - - - - - - - - 800
2w 340 40 80 80 7120 20 - - 20 - 20 80 40 - - - - - - - - - - - - 840
2WsW 500 20 - - 160 80 20 20 - - - 40 - - - - - - - 20 - - - - - 860
25W 720 20 - 40 20 40| 180 60 - - - B B 20 - - - - - B - - - - - 1,100
25 1,680 60 - B 40 60| 1s0|1260| - - - - - - 40 - - - - - - - - - - 3,320
aN 80 20 - - - 20 - - 60 - - B - - - - - - - - - - - - - 180
anw 180 40 60 - - - - - - 80 40 - - - - - - - - 60 - - - - - 460
3WNW 180 40 20 - - B - 20 - 40| 120 - - - - - - - - B 20 40 - - - 480
3w 100 - - 40 20 - - - - - 80 [ 360] 160 - - - - - - - - - - - - 760
3wsw 260 - - - - 20 - - - - - 60 [ 540 20 - - - - - - - - - 20 - 920
3sw 220 - - - - 20 60 100 - - - 20 20120 20 - - - - - - - - - 20 600
3s 140 20 20 20 - - 20 100 - - - - - 20| 120 - - 20 - - - 40 - - 20 540
Xwi 60 - - B B B - - - - - - - - - 3 - - - 20 - - - - - 80
3IN 140 - - - - - - 20 - - - - - - - - - 120 - 20 - - - - - 300
XIN - - - - - - - - - - - - - - - - - - 40 - - - - - - 40
INW 240 80 80 B 40 B - - - 100 - B B - - - - - - 340 20 20 - - - 920
aN 60 20 - 20 - - - - 20 - - - - - - - - - - 20 7200 - - - - 340
2WNW 40 - - - - - 20 - - 20| 120 - - - - - - - - - - 140 - - - 340
aw 60 - 20 - 20 - - - - - - 20 - - - - - - - - - - = - - 120
4WSW 40 - - B 20 - - - - - - 20 40 - - - - - - - - - 40 80 - 240
45W 220 - - - - 20 20 - 20 - - - 60 60 - - - - - - - - - - 180 580
Total 7,860 1,060]  900]  460] _ 560] 300 _ 520]  1820] 140 _ 260] _ 460| _ 620 _ 860] _ 240] _ 180 5 5 140 20| 480 260] 240 20| 100] _ 220| 17,760
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6. Conclusions

The developed CMAP Transit Modernization ABM represents a very advanced model system where the
core CIRAMP ABM functionality was greatly enriched on the transit side by incorporation of a large
number of premium transit service attributes that are mogduently missing in travel models applied

in practice. The project has shown that this extension of the applied modeling techniques is viable and
resulted in a fully operational travel model that can be used for transit studies with a wide range of
sensitvities to various transit attributed and policies. Amongst the naaivanced features and

technical improvementicorporatedof the developed ABM we can mention:

9 Individual transit path choice implemented with a fine level of spatial resolution that
tremendously improvedhe accuracy with whictransit access and egrease modeled

T ' RO yOSR 0d5f23R¢ Y2RS OK2A0S AYLIX SYSyidGlrdAzy @KSI
characterize transit path were used instead of multiple magecific constants.

9 Equilibriun transit assignments with capacity constraints modeled through effective headways
and crowding effects modeled through an explicit segmentatiosdatedand standing
passengers.

1 Incorporation of impacts of a wide range of station/stop characteristics including station type &
size, cleanliness, retime information,ease of boardingzommercial activity, safety, KNR
convenience, et¢in addition to such traditional characterissi@s parking capacity.

1 Incorporation of impacts of a wide range ohiehicle parameters including crowding
(probability of having a seat), productivity, comfort & convenience, cleanliness, social
environment.

The developed model was validated agaimstjin-destination targets developed by expansion of the
Chicago Household Travel Survey and ridership data from tHgo@rd surveys and transit operators.
Overall, the new Transit Modernization ABM showed very good validation statistics.

A large numebr of technical ideas were generated by the project team throughout the course of the
project. Some of them were not possible to implement in the current version of the model but they
represent very interestingicections for future improvements|n thisregard, the following future
improvements can be considered:

1 Several additionadulb-modelscouldbe useful. One possibility is tatend the household car
ownership model to include transit pass ownership and reserved parKegson transit pass
ownership model as a relevant mobility attributeasalreadyestimatedbased on the Chicago
Household Travel Survéintegrated with household car ownership jaint choice).

1 Individual mobility attributes can be driven by modal preferences toaid be predited by a
special submodel. This sulnodel ould be placed after population synthegisthe model
chain Individual VOT can be correlated with modal preferences although it is also a function of
the particular activities and time pressure on the givay.d
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Chicago SP survey that was implemented complementary to the Household Travel Survey can be
used to estimate VOT distribution using mixed logit (instead of distributions borrowed from the
San Francisco ABM).

Parking capacity restraints at PNR lots essential. It is necessary tddress capacity

constraints on key rail sections of Metra and CParking capacity constraint for PNR laen

be incorporated byising shadow pricing. Théhouldbe applied to the total PNR volume of
parked cars by st&n over severalelevanttime-of-day periods ().

Currently someoefficients were set taeflect a bundle of characteristics such as comfort,
convenience, productivity, temperature, amenities, etc, associated with each mode. In further
research it waild be interesting to estimate the contribution of each characteristic and make
the modeled invehicle timeand waitperception completelyn-labeled.

Awareness and consideratiavith regard to transit services can be incorporated as was
described in detdiin the Phase 1 Interim RepofThis sukmodel can be integrated with the
sub-model for individual modality and mobility attributes.

More advanced mode choice structuike crossnested logit model can be applied to describe a
differential similarity ofauto modes (SOV, HOV) and transit modes (PNR, KiNBjrticular,

certain similarities between HOV passenger mode and KNR could be taken into account. This
was described in detail in the Phase 1 Interim Report.

In the model validation process, it becarolear that noamotorized modes (walk and bicycle)
should be modeled with the level of details comparable to transit since they compete for short
trips. Many of the details incorporated on the transit side would equally affectmororized

travel prefeences, for example, detailed modeling of walk distances using a navigation network
or applying an individual propensity to walk as function of the person age.
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