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Overview

The Chicago Metropolitan Agency for Planning (CMAP) is the primary agency responsible for the
development and maintenance of travel forecasting methods for northeastern lllinoisPrior to

CMAP this responsibility resided at one of its predecessor agenciesthe Chicago Area
Transportation Study (CATSCMAP/CATS has been developing and improvitrgwvel forecasting
procedures regularly since 1956. CATS originally developed and employed travel demand models
to assist in the development of regional transportatin plans. The fourstep modeling process (trip
generation, trip distribution, mode split, and traffic assignment) was fundamental from the
beginning. Early enhancements focused on making the process run more quickly on the computers
available at the time and on the calibration of individual model components. As time passed and
transportation questions changed, the model was updated, revised, and extended to answer them.

In the 1970s, in response to concerns about improving public transit, CATS concentrated
enhancement activities on the mode split model and transit assignment techniquesin the late
1970s and early 1980s, efforts were focused on adapting the modeling process to subarea and
project specific studies. For example, CATS developed a blodby-block zone system for downtown
Chicago. Trips were generated based on zonal floor spadeom a building-by-building file of the

area. Networks were coded with detailed pedesian links. These techniques were employed to
evaluate transit alternatives for the central business district. Similarly, zone sizes were reduced
and more detailed highway networks were coded in suburban areas to evaluate freeway proposals.

When federal regulations were changed to require emissions estimates fair quality conformity
analysis, the regional models were initially employed as they then existeth 1994, the first
significant model changes, explicitly motivated by conformity issues, were implemented. Since
then, CATSand now CMAR has committed substantial resources to develop models that are
responsive to the needs imposed by air quality requirements. CMAP continuously strives to
improve its travel forecasting techniques in response to policy priorities.
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document is drawn from predecessor reports developed for the adoption of GOO 2040 and ON

TO 2050plan? plans. Sincethen, severalmodel coefficient updates have been implemented within

the CMAP model.

Overview of the regional model structure and process

The CMAP tripbased travel demand model reflecs the travel behavior reported in the2018-2019
My Daily Travel surveyCMAP iscurrently administering a new household travel survey toapture
post-COVID travel behavioywhich will inform future updates to the model Additionally, the model
has been revised to include several modeling procedure improvements and enhancements, which

196 RACNYW~al YGY iR qc¢ Galel Nddiel Bdcubientatidhl Aitat Re doRaom et P10,
http://www.cmap.illinois.gov/documents/10180/29685/Travel -Model-Documentation_10-2010.pdf/526a71e3-62c2-450d-a34e-
4cdalf8lblad.
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https://www.cmap.illinois.gov/documents/10180/911391/FINAL+Travel+Demand+Model+Documentation+Appendix.pdf/f3b1322¢
2e60-2513-720f-38ee68b799d1?7t=1538537837892



will be discussed in this document. The present CMAP region, for analysis purposes, includes
Cook, DuPage, Kane, Kendall, Lake, McHenry, and Wabdunties, as well as parts of other counties
in lllinois, Indiana, and Wisconsin that buffer the regionFigurel contains a flow chart showing the
general steps used in the travetlemand modeling process, including data inputs that feed model
procedures and processes and the outputdata generatedat each step. Many outputs thenserve
as inputs to subsequent procedures.

Socioeconomic and land use data are supplied to the travel model from the UrbanSim land use
model. UrbanSim provides information on the spatial distribution of households, population, and
employment throughout the modeling area, which is used to estimate here trips begin and end.
UrbanSim provides a synthetic population for the region, which includes a variety of characteristics
of both the households and the people who live in them.

Trip generation is the first step in the trigpased model. It is how land use planningnd zoning
quantities are converted into trip productions (beginnings) and attractions (endings) that serve as
measures of transportation demand. The procesgnumerates of all households in the modeling
area and matches them to households from the My Daily Travel survey to develop trips made by
household members. For homebased trips (ones that start or end at a home location)trip ends
GYHCqUTl Weqllgdé DWal ¢ 2130131+ g W6 YAt Wel 1J3WT 13n Romkl We + W
end are defined as attractons. The trip generation modelincludes special proceduresto address
households with at least one worker working from home. The output of trip generation is a
complete set of trip productions and attractions. These are complete lists ofrip starting and
ending locations, segmented by specific trip purposes, but at this stage the trip ends are
unconnected to one another.

The next model in the process is a joint modehoice-destination choice model, which
simultaneously answers the questions ofwhere are trips goingi.e., what are the origin and
destination zones for each trip) andvhat mode is being used to get thereThis model is
implemented as a hierarchical nested logit model. Trips are estimated for five trip purpose
categories, including: homebased work trips for residents of lowincome households; home-
based work trips for residents of highncome households; home-shopping trips; all other home
based trips; and all nonrhome-based trips.



Figure 1. Modeling process overview

s N
Models

Land Use
Model

I

Data outputs from
models/processes

)

v Processes
Socioeconomic & . .
Data inputs into
land use data models/processes
o s

Tuesd :

Weuderfesadya; _ e Congested AM & AM peak & midday Transit

Thursday: Trip Generation midday highway congested highway netwark

Model times times for bus

1 !
| I
v '

Transit Network

telework rates

Generalized Cost Transit times

Total productions

l—rcir;?: & attractions Calculation and fares Skimmer
parameters
' !
AM peak & AM peak & midday
Auto & Generalized : .
transit costs Mode-Desination cost tables midday congested congested highway
Choice Model highway times times for bus
| A A
Visitor
trips Person trip Household
roster income
Through, visitor, o
air passenger & . Transit trip tables
commercial vehicle Time of Day by trip purpose
trips Model

l

Factor external
vehicle & commercial
vehicle trips to time
periods

Highway trip tables Highway networks
by vehicle occupancy for each time
& value of time period

]

'

v

Capacity Constrained

MSA Link Volume
Balance and Speed
Recalculation
by Period

v

END /""\ \
Travel model { Yes ) ( Three full model @

/ i i ?
results \__/ therahons complete.)

Link volumes
and speeds by
time period

Time period L Equilibrium Time
vehicle trip tables of Day Highway
Assignment




The modal options included in the modechoice-destination choice model are singleoccupant
vehicles (driving alone), private vehicles with two occupants, private vehicles with at least three
occupants, taxis, regular ride hail using a transportation network company (TNC), shared ride hail
using a TNC, transit, wé&ing, and biking. Procedures used to estimate auto and transit costs were
ported over from the prior version of the CMAP model and retain the use of Monte Carlo simulation,
which attempts to decrease the errors inherent in modeling when average values are used. By
contrast, Monte Carlo simulation allows models to use knowledge of the distribution of attributes
and probabilistically select themy a meaningful number of simulations is generally run to

minimize variability in the results. Monte Carlo simulation is used to estimi parking costs, the
traveler's income, and the access and egress times from the primary transit routes

Following modechoice-destination choice, a time-of-day model is run for autebased trips to
determine which of the eight timeof-day periods modeled by CMAP the trip occurs in. These
models are sensitive to road congestiorduring theday. Additionally, a set of deadhead trips is
created for taxi and TNC trips. These represent Af@are trips the drivers make between dropping off
a passenger and picking up the next one.

The final step of the travel demand procedures is the assignment models. The highway assignment
and transit assignment models rely on two different algorithms. The highway assignment model
uses the vehicle trips developed from the timeof-day model and a @scription of the transportation
system to estimate the volume of trips on each segment of the road network. For the air quality
analysis, the highway assignment procedure is essential for estimating the vehicle miles traveled
(VMT) on each highway segmemaind estimating the speed of each highway segment. The highway
assignment step has two significant features that are important for both transportation and air
quality analysis. First, because it is a capacityconstrained equilibrium assignment, the level ¢
service (in terms of travel time) worsens as additional volumes are assigned to each link. Second,
the equilibrium procedure solution ensures that simulated travelers are not able to improve their
level of service (i.e., travel time) by any alternate rdung. For each individual simulated traveler,
travel times are optimal to the supply and demand of transportation because the traveler cannot
find a shorter route.

The transit assignment model is a multipath procedure that evaluates the potential times and costs
of all the transit strategies between an origin and destination, identifies the good strategies, and
creates zoneto-zone times and costs. This model is alsoised to assign person trips to the transit
network. The transit assignment model is important because it generates the transit times and
costs used by the modechoice-destination-choice model, while the assignment of trips to transit
routes is needed for project studies.

As shown in Figure 1, the steps of modehoice-destination choice, time-of-day modeling, and

time-of-day assignment are iterated through three times (iterations zero through two). Morning

peak congested times and distances are used for the workip purposes and midday times and

distances are used forthe nonwork purposes to determine trip destinations and modes. To create

these, the link volumes from each full model iteration timeof-day assignment are combined (the
FqUGWadl G T W2 Yde d W WAeetticAEHIR UpRYeUU bLUIM s GRIDI Llidy 6 1J Wd R O t
period in the previous iterations using the Method of Successive Averages (MSA). For example, the

link volumes resulting from the first and second iterations of the timeof-day highway assignment

for period three are combined using the MSA procedure, then skimmed to produce the highway

travel information input to the generalized cost calculation for the next iteration of the process.



This process is enhanced through the inclusion of iterative feedback involving the transit system.
During initial global iteration zero, the transit schedules for morning peak and midday service are
used to feed the generalized cost calculation but are owavritten for links where estimated

congestion would causea bus to fall behind its schedule. Buses that operate on roads are

obviously impacted by other traffic on the road (and vice versa). Once the congested roadway times
are calculated at the end of gltal iteration zero, they are fed back into the appropriate transit
schedules, which are adjusted to reflect the traffic conditions. These updated transit times are

then used in the revised generalized cost calculations. Buses that have special operatingiquities
(such as buson-shoulders or traffic signal vehicle preemption) are only subject to the congested
roadway times for the appropriate segments of their itinerary.

The time-of-day traffic assignment procedure more realistically matches travel demand to network
supply and structure as these vary over the course of 24 hours. The tiroé-day procedure relies on
a multiclass traffic assignment, enabling the conformity enissions analysis to reflect link volumes
by specific vehicle type rather than using regional or statewide averages. The traffic assignment
also includes consideration of tolling where the separate vehicle classes experience different toll
rates and toll rate weights, based on differing values of time for the vehicle classes. Separate
assignments estimate highway vehiclemiles and travel speeds for eight time periods during the
day:

Overnightoff-peak (8:00 p.m. to 6:00 a.m.)
Preceding morning peak (6:00 to 7:00 a.m.)
Morning peak (7:00 to 9:00 a.m.)

Post morning peak (9:00 to 10:00 a.m.)
Midday (10:00 a.m. to 2:00 p.m.)
Preceding eveningPeak (2:00 to 4:00 p.m.)
Eveningpeak (4:00 to 6:00 p.m.)
Posteveningpeak (6:00 to 8:00 p.m.)

Results of the separate period assignments are accumulated into daily volumes and tabulated into
the vehicle-mile-by-vehicle-type-by-speed-range tables needed for the vehicle emission
calculations. The assignment results are also used to support project, fpgram, and policy
analyses.

The remainder of this document discusses each component of the tripased model and describes
the various data inputs required to run the model.

Travel model data inputs

Model calibration ensures that the various components of the overall travel model replicate
observed data for a base year. Calibration requires adjusting parameters for individual sthodels
to ensure that they each produce realistic results. Calibrations complete once model results
match the observed patterns found in Census data, regional household travel surveys, transit



origin-destination surveys or other data sourcesThe CMAP trigbased model is calibrated tothe
baseyear 2019

Severaldata inputs are required to provide the trippased models with the information necessary to
estimate travel patterns. Demand side information includes travel surveys rad socioeconomic
data on where people live and work. Supply side data include the physical road and transit
networks. Variouszone systems are used to aggregate data to meaningful geographies. This
section briefly describes the data used to develop and apply the regional model.

Travel survey data

Travel models are behavioral models of travel choices made by people and require data describing
observed travel behavior. These data come from household travel surveys. The original CATS home
interview survey was taken in 1956 and consisted of almost 4000 household interviews.CMARs
travel models wereoriginally developed using a 1970 home interview survey, which obtained the
daily travel patterns for over 21,000 households in the region.

In 1979, a much smaller home interview was conducted. This survey was combined with the 1980
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procedures. Between 1988 and 1991, another largecale home interview survey (ger 19,000

households) was conducted. The information from this survey and the 1990 and 2000 censuses

have been used to update and modify the travel demand procedures.

Starting in January 2007 and lasting one year, CMAP completed a comprehensive travel and activity
survey for northeastern lllinois called Travel Tracker. A total of 10,552 households participated in
either a one or two-day survey, providing a detailed trael inventory for each member of their
household on the assigned travel day(s). As a test of available technology, 460 Travel Tracker
participants also volunteered to wear global positioning devices (GPS) or to use aubased

devices to track their travel.

The nextregional travel surveycompleted by CMAP wagalled My Daily TravelData collection
began in summer 2018 and concluded in spring 2019. Nearly 12,400 households participated,
logging their detailed travel information for one day.A quarter of these households recorded their
itineraries via a GPSnabled mobile app.At present, CMAP is conducting a multphase update to
My Daily Travel to capture posCOVID travel behavior. Phase 1 data were collected between
September 2024 and June 2025 from 3,522 households

In addition to the home interview surveys, there have been several other data collection efforts,

including a 1986 Commercial Vehicle Survey, a 1963 Pedestrian Survey, a 1987 Survey of Parkers in

the Chicago Central Business District, and a 1991 Survey Bfarking Spaces in the Chicago Central
Business District. All of these surveysverea + 1JT Waq Y WIU6 ¢ U W6 W WNRYUKt |
procedures.

3 As with the Travel Tracker survey, the Northwestern Indiana Regional Planning Commissiomducted the My Daily Travel survey in
coordination with CMAP to collect the samelata for three counties in northwest Indiana. The CMAP My Daily Travel survey data are
available on theCMAPData Hub.


https://datahub.cmap.illinois.gov/documents/2e0719dce2c34eeea81039eca35def80/about

Socioeconomic data

Socioeconomic data used for trip generation estimates are generated by UrbanSim and guided by
the regional socioeconomic forecast. UrbanSim is a land use microsimulation model that predicts
the activities of individual agents (households, employersyvithin the region Several submodels
control the number and distribution of regional household and population including the
employment and household transition models, employment and household relocation models,
household tenure choice model, and employment awl household location choice models.
UrbanSim is used to predict growth patterns from the present to the year 205The current base
year of the UrbanSim model is 2020.

A synthetic population is developed for 20, as described in the population synthesis section of
this document, and UrbanSim submodels evolve this population over the years2020 base year
data for households and residential units are acquired from the 2020 Census Demographic and
Housing Characteristics (DHC) file and the &ear 20182022 American Community SurveyYACS)
Detailed socioeconomic and demographic information only available in the ACS at the block group
and tract level are scaled to match theblock-level totals in the DHC.These data are used as
controls to synthesize households and units using &ear 20182022 American Community Survey
Public Use Microdata Sample (PUMS) data at the 2020 Public Use Microdata Area (PUMA) level.
Totals willalign withthe DHC at block level and the more detailed ACS socioeconomic and
demographic data will have their distributions align with the ACS at the block group or tract level.

Household control totals from the regional socioeconomic forecast are provided to UrbanSim to
ensure reasonable household and population outputs for each year after 2. The regional
socioeconomic forecast consists of a demographic model and an economic model. The
demographic model provides population projections for 202Go 2050 using the cohortcomponent
method. Results are provided at the sukregional level. There are four suvegions: theseven
county CMAP region, external lllinois modeling areas, exteal Indiana modeling areas, and
external Wisconsin modeling areas.

More information about UrbanSim and the regional socioeconomic forecast, as well as a
discussion of their sources, is available in theSocioeconomic Forecast Appendix

A few additional pieces of information are needed by the travel demand model, including:

Regional median household income : To obtain an accurate estimate of median household
income for the 21-county modeling area, the2017-2021 5-year ACS PUM$was used, providing the
number of households within 16 distinct income bins.Datawas obtained at the tract level for all of
lllinois, Indiana, and Wisconsin and filtered to use only tracts that exist within the 2tounty
modeling area Grouped frequencies of the number of households across income bins were used
to calculate the median income, assuming hat households are weighted equally within a binThe
median income from the 2021 ACS PUMS wasflation-adjusted to 2019 dollars using the Bureau
YnlWx ¢ AYI WEqc¢ qRt qRHAL k W9 YUt 2 G131 WA RH Q016 régiordl# bl
median household income was estimated to be ¥2,800 (in 2019 dollars).

Private vehicle occupancy rate of all worker trips to work: This is the ratio between the number
of workers traveling to work in a zone (all workers, not just those in households) who commute by
household vehicles(single-occupant vehicles and carpool) divided by the number of vehicles used
for those trips. Estimates of modeling area resident worker flows at the census tract level were
taken from the2017-2021 Census Transportation Planning ProductsGTPB - table B302103

means of transportation (18) (vorkers 16 years and over). For each flow, workers were summed


https://cmap.illinois.gov/wp-content/uploads/2026-RTP-Socioeconomic-Forecast-Appendix.pdf

across auto modes and number of vehicles was calculated as vehicles = sov + (hov2/2) + (hov3/3) +
(hov4/4) + (hov5_or_6/5.5) + (hov7_or_more/7.1). Workers and vehicles were allocated to zones
using the workplace tract and average vehicle occupancy to eaclorkplace zone wascalculated

as stated above.

Group quarters population: The travel model requires information on residents of non

institutionalized group quarters, namely persons in military barracks, college or university

dormitories, and other group quarters. These data are based on the 2020 Census-EBlock-level

table P5,/6] | Ye GWAz¢l qUl t WAYGzlicqRYUW7! W~¢TYI W1 Ye GWA
combined group quarter population totals were not available by age breakouts at the blockevel.

The 2010 Census age distributions were useatgenerate age breakouts by creating a 2010 block

group file with proportionsfor each age group. BlocKevel populations were geocoded to subzones

using block centroids. Base! IJ¢ | WelZ MN®b Wt qRG ¢ qIt WAH! Wt 2 HAY U We |
of the 2010 total for eachgroup quarters type, excludingdorm group quarterspopulation, and are

scaled to match 2019 regional estimates provided by the regional socioeconomic forecast.

Dormitory group quarterdata are also based on 2020 Census SE block-level table AP A l/b] | Ye G L
Azcl qUl t WAYGeldcecqRYUW7! W~¢TYI W I YeGWAz¢!l qlI t+ WN! G
breakouts, the census data were used directly. Three rates were calculated for each subgion

using 2020 Census data: the percentage of the total populatiothat lives in group quarters, the

percentage of group quarters population that are noanstitutionalized, and the percentage of non
institutionalized group quarter population that live in dorms. These rates were applied to the total
population by sub-region from the regional socioeconomic forecast to determine dormitory

population totals by sub-region and growth rates across the forecast period. Growth rates for each
sub-region were applied to baseyear dormitory population in subzones within the respective

region for the forecasting period.

Highway network

The Master Highway Network (MHN) is the official road network database used to develop travel
demand model networks at CMAP. The MHN includes roads within northeastern lllinois that have a
functional classification of minor collector or higher. In certain instances, additional local roads
have been included in the MHN to provide connectivity within the network.

The MHN covers an area of more than 10,000 square miles and extends into northwestern Indiana
and southeastern Wisconsin, as shown irFigure2. The MHN includes roads for the following areas:

9 lllinois: Twelvefull counties (Boone, Cook, DeKalb, DuPage, Grundy, Kane, Kankakee,
Kendall, Lake, McHenry, Will, and Winnebago) and three partial counties (LaSalle, Lee, and
Ogle)

9 Indiana: Three full counties (Lake, LaPorte, and Portgr corresponding to the
YI q6s5 13t quUl Owf OT ReUc WAUNRYUcoWAGc¢UURUNWOYGOF
9 Wisconsin: Three full counties (Kenosha, Racine, and Walworth the southern portion of
q6 JWEYeaqd6lcect qul OWi Rt #YUt RUWAWNRYUWAG ¢ UURUDNLWOY
minimal road network extending into two other counties (Milwaukee and Rock)
The MHN is a collection of links and nodes representing road segments and intersections
throughout the region. It contains information on more than 57,400 directional road segments and

includes more than 21,200 nodes. The MHN is a comprehensive databasd fall9 ~ Akt Wl WJNRY
travel demand modeling needs. It contains not only existing road segments and intersections, but



also future planned facilities and improvements. The MHN itself is edited and maintained using

Esrik t W | A#] f EW] BYNI ¢cGERHW UnY!l G¢qRYUWE! t qUG Wb] f Eb |
2015, meaning that the road attributes on existing facilities represent the conditions from that year.
Asother years are modeled future project coding updatesthe networkto make it consistent with

the analysis year conditions.It is a relational database (specifically, an Erifile geodatabase) that

maintains spatial and topologic relationships between features classes. The feature classes that

define the road network in the MHN arénes and nodes. The projection of the data is State Plane
Coordinate System, lllinois East zone, North American Datum of 1927. The unit of length is the U.S.

survey foot.

Figure 2. CMAP Master Highway Network
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Network line-node topology

MHN lines represent road segments located between intersections. Moslines in the MHN are
digitized as bidirectional links with the appropriate directionrspecific attributes coded to the link.
Expressways are digitized as a set of parallel singlgirection links to replicate their limited-access
characteristics.

Tablel lists the highway network link variables contained in thdéine attribute table that are relevant
qYLW9~ Akt WGI YT eHqRYUOWGGYT WGRUNDWSs YI t IOWNG JWE aqal RHe
currently used for modeling purposes. As most links in the network represent bidirectional road
segments, attributes must beincluded for each direction. Variable names ending in "1" describe

attributes in the ANODEBNODEdirection of the link (this is the fromto direction of a link that is

recognized by GIS software based on how the link was digitized). Those variable names ending in 2
represent attributes in the opposite direction. The directions variable indicates whéter a link is a

single or bidirectional segment and has three possible values, which determines how link attributes

are coded

1. W2 ¢ de WY n WshhslibRrepreserts asplddleldiopdtionaptlirgvel. No second
direction variables are coded (i.e., they equal 0).

2. W2 ¢ de WY n WmbhelibRrepreserts bgth dirdcgodscoftrial@l and all attributes
are the same in both directions. No second direction variables require coding (except
applicable parking restrictions).

3. W2c¢ e WY n Wmsoelilkrepreserts both dirdétodscobirialel and at least one
attribute differs between the two directions. All second direction variables require explicit
coding.

TheBASELINKariable identifies whether a segment represents an existing facility (value of one) or
a future facility (value of zero, referred to as skeleton links). BASELINKO, onlyANODE BNODE
MILESand DIRECTION®re coded on highway links. All other link attributegre intuitively named.
Each link in the MHN is identified by a uniquANODEBNODEBASELINKombination (variable
ABB).

Table 1. Master Highway Network link attributes

ANODE Links "from" node
BNODE Links "to" node
BASELINK Link description flag:
0 = future project link ("skeleton" link), attributes added via highway project
coding
1 = existing network link ("base" link), all attributes present
ABB Unique arc ID, of the form "ANODBNODEBASELINK"
MILES Link length in miles
TYPE1 & 2 Facility type:
1=Arterial 5=Freewayfreeway ramp
2=Freeway (controlledaccess) 6=Centroid connector
3=Freewayarterial ramp 7=Toll plaza
4=Expressway (limitedaccess) 8=Metered ramp
TOLLDOLLARS Toll amount in dollars for autos with4PASS. If link type is 7 (toll plaza), this is
applied as a fixedcost toll; for other link types, it is applied as a pemile rate.




AMPML1 & 2

Time period restrictions:

1=open all time periods (18)

2=open a.m. periods (25) only, e.g. Kennedy reversible lanes inbound
3=open p.m. periods (1, 68) only, e.g. Kennedy reversible lanes outbound
4=o0pen offtpeak periods (1, 5) only

SIGIC

Signal interconnect flag:
0=no, 1=yes

POSTEDSPEEDL1 & 2

Posted speed limit (mph)

THRULANES1 & 2

Number of driving lanes(This represents the mostrestrictive capacity on the
link, i.e. the fewest number of lanes present at any single point.

PARKLANES1 & 2

Number of onstreet parking lanes

PARKRESL1 & 2

Peak period parking restrictions, when orstreet parking is not available and an

extra through lane is availableCoded separately for each direction on all Zvay
links. Code is text string of affected time periods (currently only 3 & 7). Default
blank value means no peak period parking restrictions.

Average driving lane width (feet)

Link directions flag:

1=one way

2=two way, attributes in both directions identical

3=two way, at least one attribute different in opposing direction

Modes permitted on link:

1=all vehicles

2=all vehicles (with truck restrictions fromTRUCKRE@pplied)

3=trucks only

4=transit only (only called for transit networks)

5=HOV only

Detailed truck restriction codes, which translate into the following model
coding:

No restriction known/codeable: 0, 6, 15, 20, 224, 26, 28, 32, 33, or 36

No trucks: 1 or 18; also, 21 in time period 1 only

No trucks except Bplates: 2-4, 9-11, 13, 25, 35, or 37; also, 12 in time period 1
only

No medium or heavy trucks: 7, 8, 14, 16, 17, 19, 27, 29, 31, 3488, or 49

No heavy trucks: 5, 30, 45, 48

Vertical clearance (inches). The following mode restrictions are applied for nen
zero values:

9 N¢e!l cURVWBIWNI ZwalWUY W6 We2! Wal a2 HE |

90 Necl ¢cURHNWKIWNPMmwa WUOY WGGWT Ralodldc2! LWaq
90 N¢E!l ¢cURVWKWNOYwaWUYWIRNEqoGWT Raliob

THRULANEWIDTH1 & 2
DIRECTIONS

MODES

TRUCKRES

VCLEARANCE

Nodes in the MHN represent intersections between roadgunctions where road segments
converge/diverge(such as an entrance ramp merging into an expressway throughne), orwhere

roadways otherwise significantly change (such asminterstate toll collection location). Theline-

node topology enforced in the MHN isuch that nodes represent the end points ofines and lines
sRa6WRYGGYUOWIOT WGYRUqt Wel ywrYOURUHRQUT OW9 ~ Akt Way
automatically update highway network topology after edits have been made and populate several
attribute fields. These scripts (along with variou®ther MHN processing scripts) are maintained in a
publicly accessible GitHub repository atgithub.com/cmap -repos/mhn_programs.

Node attribute variables are listed n Table2. These mostly serve to define the networknes by
providing values forANODEand BNODE Values for the entire set of node variables listed are
automatically populated through scripting. All node attributes are automatically populated by the
scripts.


https://github.com/CMAP-REPOS/mhn_programs

Table 2. Master Highway Network node variables

Variable Description

NODE

CMAP network node ID

POINT_X

Auto-generated xcoordinate (NAD27 IL East State Plane feet)

POINT_Y

Auto-generated ycoordinate (NAD27 IL East State Plane feet)

SUBZONE17

Subzone ID from current CMAP modeling subzone system

ZONE17

Zone ID from current CMAP modeling zone system

CAPZONE17

2017 Capacity Zone code:

1=Chicago Central Business District (2009 subzones-47)
2=Remainder of Chicago Central Area (2009 subzones -@&B)
3=Remainder of City of Chicago (2009 subzones &176)

4=Inner ring 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=0ther Urbanized Areas and Urban Clusters in northwestern Indiana
9=Remainder of CMAP Metropolitan Planning Area

10=Remainder of Lake County, IN (rural)

11=External area

99=Points of Entryr not defined in the Capacity Zone system

IMAREA

lllinois Vehicle Inspection and Maintenance Program area flag:
0=no, 1=yes

Spatial and geometric accuracy

CMAP ensures the MHN is spatially and geometrically accurate with respect to:

9 Geocoding intersections to spatially accurate locations

9 Applying vertex coordinates to links to replicate road geometry

9 Ensuring expressway interchanges are fully expanded to include ramps representing all
possible traffic movements

Figure3 illustrates the network accuracy for one interchange in the MHN.



Figure 3. Master Highway Network accuracy
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Highway project coding

The MHN includes links serving as placeholders for future planned facilities, identified by
BASELINKO. The Northeastern lllinois Transportation Improvement Program (TIP) database is the
repository of project information for planned and programmed projects. Relying solely on the TIP
database for project information provides a single direct link for recociling model network coding
with the planned improvement.

The MHN geodatabase stores highway project coding in a table containing detailed attributes and a
line feature class containing the project ID, completion year and geographic extent. A group of
network links is selected by their uniqueABBvalues to define an individual highway project. The
highway project line feature class contains summary information for each project, as shown in
Table3. Each project is represented by a single, muHpart line feature, which is automatically
generated based on the links referenced in the detailed coding table. This data structure allows a
single highway project to be associated with numerous MHMNnes and, by extension, allows a

single MHNIine to be associated with multiple highway projects. The result is the project coding
table contains one record for everyine referenced by every highway project.



Table 3. Master Highway Network highway project line feature class attributes

Variable Description

TIPID TIP project identification number

COMPLETION_YEAR | Project completion year from the TIP. Inactive projects have a value of 9999.

The project coding table is used to store link attributes that will be updated or applied when the

associated highway projects are completed. An action code determines how the attributes for each

link are processed. The list of section table variables, shen in Table4, most directly correspond to

MHN line attributes. As with theline¢ qq| RHz2 qlUWaqc¢ HOWAW2 ¢l Re AGag¥Y HIWUT R
ITRI DAqRYUWY nWaqé WWid RUt AlWs 6 RiillIMLEmHs T RIINLLDHD ARRYONKLR UL =RL
processing, data from theline attribute table are updated (overwritten) on the fly with project

coding table entries to represent conditions after the project is implemented. Only those attributes
changing due to project implementation are coded in the section table.

Project coding rules for parking lanes are slightly different than for other variables. The values for
this attribute are added to (or subtracted from)ine table coding to yield the final result. This allows
for these attributes to be increased, decreased, or removed. This is necessary because there is no
practical way to determine whether a zero in the section table represents no change in conditions
or theremoval of this attribute.

Four action codes control the link processing. Action code 1 modifies the coded attributes on links
with existing attributes. Action code 4 is applied to new links (skeleton links), which have no
attributes except MILESand DIRECTIONSAction code 2 is used when new links replace an old link
without any change in its attributes, such as when a new intersection is introduced into the
network. This action code requires to fill in the(REPLACE_ANOD&hd REPLACE_BNODH hese
represent the nodes of the link where the attributes will be drawn from. Action code 3 deletes a link
from the network.

Table 4. Master Highway Network highway project coding table fields

Variable Description

TIPID TIP project identification number
ABB Reference to unique arc ID, of the form "ANODBNODEBASELINK"
ACTION_CODE CMAP action code:

1=modify (change an existing network link)

2=replace (replace an existing link with a new one but retain all attributes)
3=delete (remove a link from the network)

4=add (add a new link to the network)

NEW_TYPE1 & 2 New facility type number

ADD_SIGIC Add signal interconnect to link (code=1)
NEW_THRULANEWIDTH New average driving lane width (feet)
1&2

NEW_THRULANES1 & 2 New number of driving lanes

NEW_POSTEDSPEED1| New speed limit (mph)
2

REP_ANODE ANODEand BNODEof MHN link providing attributes, ONLY for action_code=2
REP_BNODE

NEW_TOLLDOLLARS | New FPASS toll amount for autos (dollars). If link type is 7 (toll plaza), this is applied as
fixed-cost toll; for other link types, it is applied as a pemile rate.




NEW_DIRECTIONS New directions flag

ADD_PARKLANESL1 & 2| Add/remove parking lanes, coded number will be added to number in MHN arc attribute
to calculate final lanes (code positive to add, negative to remove)

NEW_AMPM1 & 2 New time period restrictions

NEW_MODES New modes permitted

TOD Time-of-day code indicating specific time periods when changes are applied. Default of
blank or 0 means changes applied to all periods. Code is text string of affected time
periods:
1=8 p.m.T 6 a.m. (overnight) 5=10 a.m.T 2 p.m. (midday)
2=6a.m.T7 a.m. 6=2 p.m.74 p.m.
3=7 a.m.T9 a.m. (AM peak) 7=4 p.m.T7 6 p.m. (PM peak)
4=9 a.m.T10 a.m. 8=6 p.m.T8 p.m.

Storing the existing and future highway network components in a single database allows the
analyst to ensure project and base network reconciliation is handled comprehensively with all
analysis networks for a particular application, at one step, existingiia single dataset.Storing the
MHN in a GIS format also greatly simplifies projeaoding tasks. The MHN structure allows for:

Analysis into multiple future years: Assignable networks are produced that maintain
consistent project coding into future years (e.g., a project that is built in an earlier year will be
included in all subsequent networks).

Analysis across multiple scenarios: Assignable networks are produced that maintain
consistent project coding between differing analysis scenarios (e.g., a project that is included in
one land use scenario will be identically coded in any other appropriate scenario).

This topology was in direct response to the types of comparative evaluations that were necessary
under the air quality conformity baseline/action rules. With approval of a state implementation

plan budget, conformity analysis no longer entails a baselinefetion test, so a simpler hierarchy is
used. Nonetheless, this ability is useful within any forecasting exercise where multiple time frames
and scenarios are compared (e.g.land use/transportation interactions).

A list of modeled project TIP identification numbers and the year that they are to be constructed is
all that is required to create a set of highway network files for the travel demand modeling software
(Emmée®). The completion year is attached to each project and stored in the highway project line
feature class. As complete project coding information exists in the feature class and associated
coding table, simple database queries can select only those recordseeded to prepare the desired
analysis year network. A set of scripts process all the project coding information, apply the
attribute updates to the set of links comprising the scenario network, and create a set of tiref-

day link and node attribute filessuitable for import into Emme Figure4 illustrates this process.



Figure 4. Highway network coding example

MHN network Emme Network ubase year scenario

Step 1. All existing road facilities (black) and a planned| Step 2. An Emme base year scenario network is
realignment (blue) are coded into the MHN. The projec| created. Since the road realignment has not yet
will reroute the diagonal road northeast of the current happened, it is not reflected in the model network.
six-way intersection and convert part of it to a service '
road.

MHN network project coding Emme network wfuture year scenario

e
Perd,

Step 3. All links impacted by the project are associated| Step 4. A future scenario modeling network includes
with the project ID through a route system (red). The | the realigned road and new intersections. Since this
GRUt WARYIT RUNDWAYUqc¢ RUDT WRUL particular project was actually completed in 2018, it is
table serves as a set of instructions on how to process| displayed with current imagery showing the final result.
each link. The coding identifies which linkassociated
with this project to: (1) modify the characteristics of,
(2) replace existing links, (3) delete from the network,
and (4) add as new links.

Bus route coding

Northeastern lllinois has one of the most extensive public transportation systems in North
America. Bus and ralil service is provided by three public operating agencies, including the Chicago
Transit Authority (CTA), Metra commuter rail, and Pace suburban bus. Each of the theggencies
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operators.

The CTA operates bus service within Chicago and several adjacent suburbs. Pace operates nearly
exclusively in the suburbs, with some express service to downtown Chicago. Pace operates regular
bus routes, feeder buses that provide connections to suburban Mea commuter rail and CTA rall
stations, and all paratransit service in the region, as well as a vanpool program and some leng
distance express buses. Bus route coding maintained in the model networks includgsublicly
operated, fixed-route service. It does not include vanpools, paratransit, or subscription service.

Like the highway project coding structure, gisting bus service coding is maintained as two
separate pairings of a route feature class and an itinerary table within the MHN. One pairing is for
the base network, based on route data from 201&his is only used to reflect transit service in the
2019 model base year)Another is based on more current route datacurrently December 2024,
which forms the basis for most future model networks. The data structure ensures bus coding
always reconciles with the underlying highway networknks. Bus routes are forced to conform to
the available MHN links. If a particular route uses local streets that are not included in the MHN,
the coding for the route is altered accordingly so that it only uses MHN linkBigure5 shows the
DFqUlUqWYnWgd WL JNRYUKYt WHet Wt 31 2RHI



Figure 5. MHN general transit feed specification -based base bus coding, 2015
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Bus coding in the MHN includes the complete itinerary (or nodby-node path) of the bus route and
attributes associated with each itinerary segment. Bus routes are coded as singidirection runs.
CMAP bus coding is derived from General Transit Feed Specd#iion (GTFS) data files created by

the transit operators. The GTFS files contain data on all runs of every bus during the entire week. As
CMAP models weekday traffic, the bus coding data from the GTFS files are limited to a

representative weekday (Wednesdy).

Conversion of the GTFS data from its raw form into usable bus coding proceeds through the
following steps:

9 Python is used to transformsource GTFS datasetdor loading intoan OpenPathsEmme
project database.

i OpenPaths Enme API toolsfilter, load, and match scheduledata to the model network, to
import transit lines.



Transit line geometryis extracted and loaded into a Esri file geodatabasefor verification in
ArcGIS Pro.

ArcPy tools compare transiline geometry to shapes in the source GTFS datasetdo assess
the network match quality. If necessary,adjustments are made to the match criteria and
transit lines are imported again with the new parameters.

OpenPaths Enme API toolstransform and enrich transit line data for loadinginto the MHN
and MRN geodatabases

Transit line data are extracted and loadedhto the MHNand MRNgeodatabases by custom
geoprocessing toolsthat automatically generate theline feature classes and geodatabase
tables that represent the route and itineray for each scheduledservice run.

As with the highway project coding, bugun details are stored in a set of related itinerary tables.
These tables relate to thdink table in the same manner as the highway project coding tables. The
bus-run-line features and itinerary tables are linked through th& RANSIT_LIN##ariable, which is a
unique identifier given to each bus run.

Table5 highlights the data fields maintained in the MHN that are used to describe bus route
attributes. The variables shaded irgraycorrespond to header information Emme requires when
reading in bus itineraries. Other attributes are merely informational. Note that at this point the
HEADWAYalue only represents the total minutes in the timeof-day period within which the bus

run occurs. The actual bus service headway is calculated at a later stage, when individual runs are
grouped into representative runs.

Table 5. Master Highway Network base and current bus run feature class attributes

Variable Description

TRANSIT_LINE| Uniqgue CMAP bus run identifier. (Mode +8igit number, starting at 00000 for base, 50000 for
current.)

Realworld description of bus route (format: ROUTE_IDRONGNAMEDIRECTIONTOTERMINAL)
Bus mode code:

B=CTA regular service
E=CTA express service
P=Pace regular service

Bus vehicle type code (based on mode code):

DESCRIPTION
MODE

Q=Pace express service
L=Pace local service

VEHICLE_TYPE

25-27=mode B 29=mode Q
31-33=mode E 30=mode L
28=mode P

HEADWAY Length of the timeof-day period (in minutes) within which the bus run falls, since every run is
represented individually

SPEED Average bus route speed in MPH from GTFS data; minimum value of 15 allowed. [Not used in
CMAP modeling but a norezero value is required by Emme.]

FEEDLINE Unique GTFS identifier for each run

ROUTE_ID Bus numberin route name (e.g. 52A, 112, X98)

LONGNAME Proper name of bus in route name (e.g. Wentworth, Halsted/d%5

DIRECTION Predominant direction of travel for bus run

TERMINAL Location of final stop on bus run

START Start time of bus run in seconds

STARTHOUR

Start hour of bus run




The actual itinerary information for bus routes is contained in the itinerary table variables, which
are listed inTable6. The itinerary provides the nodeby-node path on the MHN that the bus follows.
Again, most of these variables reflect information Emmexpects to receive when bus routes are
imported.

Two GTFShased bus coding route systems exist simultaneously in the MHN database:

1 Bus base:GTFSHc¢t T WHYT RUNWa6 cqWEYI 1 3t GYUT + Waq VY W9 ~
(reflecting service at that time).

9 Bus_current: Coding built from the most recent GTFS data files. This represents #p-date
coding and is used as the basis for future modeling scenarios.

Each of the bus route systems listed above contains ov&5,000bus runs comprising roughly
750,000itinerary segments, representing one weekday of service. For purposes of modeling travel
demand, the bus runs are combined into representative bus routes. A script analyzes the runs of
each bus route that occur during a timeof-day period and uses the stoping pattern to determine
which are similar enough to be collapsed into a typical directional bus route. The start times of all

the individual runs that areassociated with a representative bus route are used to calculate the
service headway that goes into the travel demand model.

Table 6. Master Highway Network base and current bus itinerary table fields

Variable Description

TRANSIT_LINE

Unique CMAP bus run identifier. (Mode +8igit number, starting at 00000 for base,
50000 for current.)

ITIN_A CMAP node number bus travels from
ITIN._B CMAP node number bus travels to
ABB OURhez JWf 2 WY nWaqé W INaidkd gkt weyYl | 3t GYUI
ITIN._ORDER Order number of bus segment in itinerary, sequentially increasing from 1 for each
run
LAYOVER Layover time in minutes applied tdTIN_B Default=3
DWELL_CODE Code for stops (corresponding Emme code), applied toTIN_B
O=stop allowed (default time of 0.01 minutes)
1=no stop (#)
available for future use:
2=alighting only (>)
3=boarding only (<)
4=boarding & alighting allowed (+)
5=dwell time factor (*)
ZONE_FARE Incremental zone fare in cents

LINE_SERV_TIME

Itinerary segment travel time in minutes

TTFE

Emme transit time function code:
0,1=1
2=2 (used forbus rapid transit/arterial rapid transitonly)

DEP_TIME Time departing nodel TIN_A(seconds since midnight)

ARR_TIME Time arriving at noddTIN_B(seconds since midnight)

LINK_STOPS Number of stop locations from GTFS data that were combined into itinerary segmer|
IMPUTED Flag indicating segment was imputed by shortest path algorithm during impart

0=not applicable.
1=itinerary segment created by shortest path algorithm
2=segment modified by logic to condense unreasonable vacillation in itinerary




Table7 lists the eight time-of-day (TOD) modeling periods used by CMAP for traffic assignment. It
also includes the selection rules used to determine which TOD period a particular bus run falls in,
and it shows the number of representative bus routes (frorbus_current) used in the travel demand
model. This information is used to provide background bus volumes on roadway links during traffic
assignment.

For transit assignment, only four TOD periods are used: 1=Overnigéérly AM (6 p.m.T6 a.m.),
2=AMpeak (6 a.m.T 9 a.m.), 3=Midday (9 a.mT 4 p.m.) and 4=PMpeak (4 p.m.76 p.m.). The AM
peak and midday periods in this scheme are used to generate the transit levalf-service variables
used to develop zonal generalized costs for the destinationhoice-mode choice model.

Table 7. Time-of-day base bus routes

Time period Selection rule ‘ Number of bus routes
17(8 p.m.T6a.m.) Starthour>=20 orStarthour<=5 606
21(6a.m. 77 am.) Starthour =6 631
31(7am.19am.) 7<=Starthour<=8 698
4T1(9a.m.T10a.m.) Starthour=9 497
51(10 am.T2 p.m.) 10<=Starthour<=13 503
6T(2p.m.T4p.m.) 14<=Starthour<=15 645
77(4 p.mT16p.m.) 16<=Starthour<=17 653
8T(6 p.m.T8 p.m.) 18<=Starthour<=19 563

Future bus coding

While the GTFS data provide for existing bus service, future bus routes also are coded in the MHN
to represent planned or programmed service. Consistent with GTFS bus runs, future bus routes are
generally coded as singledirection service. While GTFS routgeare coded on existing network links
(BASELINK1), future routes are coded to run on future highway network links (i.e., links that will be
in the network in the horizon year of the projects being modeled). Thus, it is convenient to have the
highway project coding information stored in the same database as the bus coding.

Table8 lists the future bus route information stored in the linefeature-classes-attribute table.
Many of these variables provide the bus route information Emme requires to build transit routes
and have the same definition as in the GTFSased bus coding table.Thenotes field is used to store
TIP project numbers or other useful information related to future bus service. The following
variables provide instructions on how the future routes ar@rocessed:

9 Scenario: Identifies all the specific modeling scenarios that individual bus routes should be
included in

1 Replace: Identifies the existing GTFS route(s) that will be replaced by the future route
coding, if any

1 Reroute: Identifies the existing GTFS route(s) that will be modified by the future route
coding, if any

i TOD:Indicates which time-of-day networks will include the future bus service



Table 8. MHN future bus route attributes

Variable ‘ Description

TRANSIT_LINE Unique CMAP bus route identifie(Mode + 5digit number, starting at 99000 for future)

DESCRIPTION Realworld description of bus route

MODE Bus mode code

VEHICLE_TYPE Bus vehicle type code

HEADWAY Average bus headway in minutes. This coded value will only be applied duritige-
of-day periods specified in TOD attribute, belowA value of zero indicates that the
headway for the existing route coding from route flagged in REPLACE will be used (i
there will be no change in service frequency).

SPEED Average bus route speed in MPH; default value of 12 used.[Not used in CMAP
modeling but a nonzero value is required by Emme]

SCENARIO Future scenarios bus line will be used in. Must include ALL scenarios that will contai

route. May NOT be blank

COMPLETION_YEAR

Completion year in which bus line will be implemented. May NOT be blank.

REPLACE

Identifier of the existing bus route coding that will be replaced by the future project. A
blank indicates the future route is not replacing existing routes. Constructed as:
Uppercase mode letter + =" + route number. If multiple existing routes are being
replaced by the same future route, separate the affected route numbers with colons.
Note: the replacement will only occur in the time periods identified in the TOD field.

REROUTE

Identifier of the existing bus route coding that will be modified by the future project. A
blank indicates the future route coding is not modifying existing routes. Constructed
as: Uppercase mode letter +-" + route number. If multiple existing routes ardeing
modified by the same future route, separate the affected route numbers with colons.
Note: the replacement will only occur in the time periods identified in the TOD field.

TOD

Transit assignment timeof-day periods when the new coding will be implemented. As
with SCENARIO, all applicable time periods must be listed? value of zero indicates
that the new coding will be applied to all time periods.

NOTES

TIP ID number (and possibly other descriptive information). Entries must be
separated by colons. 30 character limit.

As with the highway project coding, CMAP modeling staff maintain a set of scripts that generate

scenario-specific TOD transit network input files for the travel demand model. While processing of

the base/current year bus routes is relatively straighforward, the future bus routes require
additional logic to process all changes correctly. The following rules are used to generate future
scenario TOD transit network input files:

9 New routes only appear in the specific time periods identified in the TOD field, or in all
periods if TOD=0.

i TheREPLACHield identifies current bus routes that will be replaced by the future coding

for the time periods in TOD. These current routes are deleted from the network. The routes

are identified by the letterMODEcode and the Route_id from the route table.

i TheREROUTIHeld identifies current bus routes that will be modified by the future coding
for the time periods in TOD. These current route itineraries are replaced with the future
itinerary coding between the start and end points of the future itinerary coding. Alther

information for the modified routes remains the same. The routes are identified by the letter

MODEcode and the Route_id from the route table.
Several potential values are used to determine future headways:

9 Coded headway: This is the headway coded for future bus routes. It applies only to AM and

PM peak time periods.



i Factored headway: The value iscoded headway (if greater than zero) times a TOD
multiplier [3 for period 3; 4 for period 1].

i Replaced headway: The TOD headways for the bus routes being replaced by future service
(this value is calculated when the bus runs are collapsed into representative routes). To
avoid having to apply directional headways to the future service, this value is the minimum
of the current directional headways.

i Mode headway: The average headway for a time period for a given bus mode (B,E,P,L,Q)
based on the existing bus routes, excluding those being replaced

9 Last chance headway: A final future headway value if all other options fail; set to 90
minutes.

The logic used to determine the final TOD future headway for each future route is:

9 Priority 1: If replaced headway is nonzero and is less thafactored headway, usereplaced
headway. If that does not apply, go to Priority 2.

9 Priority 2: If factored headway is nonzero, usdactored headway. If that does not apply, go
to Priority 3.

9 Priority 3: The future headway is the maximum ofjiode headway, last chance headway}]

Theoutcome is that the future headway for norpeak periods cannot be less than the headway in
the peak periods. Regardless of priority, headway is capped by the length of the time period the
service is operating in.

Ralil network

The Master Rail Network (MRN) is stored in a file geodatabase, which contains all rail segments
representing heavy and commuter rail service in northeastern lllinois. The geodatabase stores all
feature class data needed to build rail transit networks foreggional analyses, includinglinks,

nodes, rail routes and itineraries. While it would be possible to combine the MHN and MRN into one
relational database, the rail network has few link attributes compared to the highway network, and

it is much smaller in £ope than the MHN. Thus, it is easier to maintain them separately. The MRN
is stored in the same projection as the highway network database, so that they work together
seamlessly. Like the MHN, the MRN is maintained with a set of scripts stored irpablicly

accessible GitHub repository.

In addition to bus service, the CTA operates heavy rail transit within the city of Chicago and several

cT TerRUDUqWt 2AHz | At WOWEz2He |l AcOWHRYGG2 qldl + Wel 3wt 31 231
suburban areas and the central area. There aneumerous Metra stations within the city of Chicago,

and some Metra linesrun parallel to CTA rail lines. Additionally, the Northern Indiana Commuter
Transportation District operates commuter rail service between downtown Chicago and South

Bend, Indiana. The extenbf the MRN is illustrated inFigure®.


https://github.com/CMAP-REPOS/mrn_programs
https://github.com/CMAP-REPOS/mrn_programs

Figure 6. Master Rail Network
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Topology rules within the MRN are enforced programmatically by rebuilding the routes each time
the network is updated or new routes are imported using thene geometry. In addition to being an
efficient way to process the data, this procedure also ensures rail routes will always be coincident
with the underlyinglines (which is necessary for selecting scenariespecific route coding).

Link fields

Table9 lists the rail network link variables contained in thdine table and are the variables required
by the travel demand modeling software. Most of thénes represent the rail line segments that
connect stations (either modenerfor CTA rail or modegiMufor Metra). Two other kinds of links are
included in the MRN on a limited basiy transfer links connecting different rail service and walk
links providing access or egress to the service. These auxiliary links are discussed in detail later.

Table 9. Master Rail Network link attributes

Variable ‘ Description

ANODE CMAP "From" node
BNODE CMAP "To" node




MILES Link length in miles
MODES1 Modes permitted onANODEBNODEdirection of link (string of mode letters)
MODES2 Modes permitted onBNODEANODEdirection of link (string of mode letters); blank if
link is only 1 direction
DIRECTIONS Link directions flag: 1=oneway, 2=two-way
Node fields

Node variables are listed inTable10. The nodes represent rail stations or, in a few instances, ralil
line junctions that are not actual stations. Rail service does not stop at junction locations. In
addition to a unique identifier for each station, the node table contains information on the
availability of parking at the rail stations. The valuPSPACEnNdicates the number of parking spaces
available at the station and the cost of parking is stored iIRCOST Both values represent conditions
in the base year of the MRN. Thu®SPACEequals zero if no parking is available anBCOSTequals
zero if there is no fee.

Table 10. Master Rail Network node attributes

Variable ‘ Description

NODE CMAP node number; used to assigh ANODE and BNODE valuebrik table
CTA rail: uses range 300639999
Metra: uses range 4000049999

LABEL Node label (4character station name)

PSPACE Number of parking spaces at node in base scenario; zero if not used in base scenario
PCOST Parking cost at node in base scenario; zero if not used in base scenario
FTR_PSPACE Number of parking spaces at node in future scenarios. This text string uses the format

mt NaGNat ZaGZallwlls 6131 W 1 q6 W62 0T 1 1IT k1 1
scheme and p=the number of parking spaces in the corresponding scenario. Each valy
must be separated by a colon.

FTR_PCOST Parking cost at node in future scenarios; same format afér_pspace

Future scenario parking information is also stored in the node attribute table in variables
FTR_PSPAC&nNd FTR_PCOSTAvalue of/bl1a N P MdoE RTE_MSPAE interpreted as follows:

The node will have 150 parking spaces, beginning in scenario 400 and 200 parking spaces beginning
in scenario 600. The value is assigned through scenarios until a later scenario is specified, so the
node will have 150 parking spees in scenario 500, as well. While it is easier for the analyst to read
this value if the scenaros are coded in chronological order, the processing programs do not require
this to assign the correct value to each scenario. Values fa&fTR_PCOSdre coded using the same
format.

Rail route coding

As with bus coding stored in the MHN, rail service coding in the MRN is built from GTFS data files for
a representative weekday (Wednesday). Each individual run of every rail line is stored in the
database, representing a single direction of travel. Procesng of the GTFS rail service data into
usable model coding follows the same set of procedures and logical reviews as bus route data. Rail
service coding is stored in the geodatabase as a pair of related tables containing information on the
rail run and its itinerary.



Table11 lists the variables in the rail route table. As with bus route coding, the variables are a
combination of header fields that Emme requires when reading in rail itineraries (highlighted in
gray) and GTFS fields maintained for clarity. These variables have the same definition in both the
bus and rail route tables, although the values may differ. Special attention is given to the transit line
name variable TR_LINEin the rail coding.

Table 11. Master Rail Network rail route attributes

Variable ‘ Description

TR_LINE Unique CMAP rail run identifier (6 characters)
DESCRIPTION Reatworld description of rail run (20 characters maximunt limit imposed by Emme)
MODE Rail mode code:
C=CTA rail
M=Metra/NICTD
VEHICLE_TYPE Rail vehicle type code (based on mode code):
1-5=mode C
6-24=mode M
HEADWAY Rail headway (in minutes). A value of 99 indicates headway will be set to the length o

the time-of-day period within which the rail run falls. In future routes, headway values
can be different if headway changes throughout day. In this case the value rsa colon
delimited format with the TOD periods followed by the effective headway for those
periods. (e.g. 234678am:6.7:5:11.3:1:19.2)

SPEED Average rail route speed in MPH from GTFS data; minimum value of 15 allowed. [Not
used in CMAP modeling but a noizero value is required by Emme]

FEEDLINE Unique GTFS identifier for each run

ROUTE_ID For CTA: lists line (Blue, Red, etc.)
For Metra: lists train run number.

LONGNAME Lists the proper name of the train line (Blue Line, Union Pacific Northwest, etc.)

DIRECTION Lists final stop on train run

START Start time of train run in seconds

STARTHOUR Start hour of train run

To allow for simple identification of runs on a specific rail line, the following rail route naming
scheme is applied to the sixcharacter TR_LINEvariable.

9 First character: lowercase MODEletter.
9 Second and third characters: two letter line identifier (lowercase).

9 Fourth through sixth characters: unique counter for eachMODEIline combination,
tgel qRUNWs Ra6 WbMMNwWnY! WHEH Wl 2 Ut wWe U7 WsnNMN L

The threecharacter rail line coding prefixes are summarized iTable12.



Table 12. Rail line coding prefixes

Transit Transit
agency Coding prefix | agency Coding prefix
Blue cbl BNSF mbn
Brown cbr Heritage Corridor mhc
Green (Ashland .
branch) cga Metra Electric mme
Green (Cottage Milwaukee District
Grove branch) cgc North mmn
Milwaukee District
CTA Orange cor e West mmw
etra
. North Central
Pink cpk Service mnc
Union Pacific
Purple cpr Northwest mnw
Red crd Rock Island District mri
Yellow cye SouthWest Service | msw
Union Pacific North mun
Union Pacific West muw
NICTD South Shore mss

The itinerary information for rail lines is stored in a related data table, and the contents are listau
Table13. These variables provide the same information as their counterparts in the bus itinerary
tables. One variable of interest is the zone fare variablZN_FARIE This value applies to commuter
rail lines, and it is the marginal cost per ride (in cents) for traveling between fare zones. It is
calculated as:

[the difference between monthly pass costs from station zone to zone A] x [100 cents] / [40 (the
average number of oneway rides for a monthly pass holder, assuming 20 workdays per month].

For example, a Union Pacific North (U) line monthly pass from Kenilworth (zone D) to Ogilvie
Transportation Center (zone A) is $181.25. A monthly pass from Wilmette (zone C) to Ogilvie is
$159.50. TheZN_FARBN the link between Kenilworth and Wilmette is: [(181.25159.50) x
(100)]/40 = 54.38.

As with the bus coding, two GTR®ased rail coding route systems exist simultaneously in the
geodatabase:

9 all_runs_base: GTFSbased coding that corresponds to a base year of 2015 (reflecting
service at that time)

9 all_runs: Coding built from the most recent GTFS data files. This represents #p-date
coding, and it is used as the basis for future modeling scenarios.

Each of the rail route systems listed above contain more than 2,500 rail runs, made up of more than
76,000 itinerary segments, representing one weekday of service. For travel demand modeling
purposes, the CTA rail runs are combined into representative raibutes. This is accomplished

using the same script and collapsing logic that is applied to the bus run coding. All individual
commuter rail runs are allowed to pass through to the travel demand model unchanged.



Table 13. Master Rail Network itinerary attributes

Variable Description
TR_LINE Unique CMAP rail line identifier (6 characters)
ITIN_A CMAP node number of first node of link rail run travels on
ITIN._B CMAP node number of second node of link rail run travels on
IT_ORDER Order number of rail segment in itinerary
LAYOVER Layover time in minutes applied tdTIN B. Default=3
DWELL_CODE Code for stops (corresponding Emme code), applied tér'IN_B:
O=stop allowed (default time of 0.01 minutes)
1=no stop (#)
available for future use:
2=alighting only (>)
3=boarding only (<)
4=boarding & alighting allowed (+)
5=dwell time factor (*)
ZN_FARE Incremental zone fare in cents
TRV_TIME Itinerary segment travel time in minutes
DEP_TIME Departure time at beginning of segment from GTFS data (in seconds)
ARR_TIME Arrival time at end of segment from GTFS data (in seconds)
IMPUTED Flag indicating segment was imputed by shortest path algorithm during impart
0=not applicable
1=itinerary segment created by shortest path algorithm

Future rail coding

As withbus coding, there is a need to store future rail project information for use by the travel
demand model. The route coding table for future rail service includes the same set of fields as the
existing coding, as well as a few additional fields showm Table14. TheTODvariable identifies all
specific time-of-day periodsthat individual future rail routes should be included in.TheSCENARIO
variable identifies all specific modeling scenarios that individual rail routes should be included in.
TheNOTESvariable contains other descriptive information about the project. ThACTIONvariable
requires a more detailed explanation.

Table 14. Future rail route additional attributes

Variable Description

TOD Time-of-day periods that rail route will be used in. A string of ALL TOD periods4L
that will contain the route. Applies to new service routes (ACTION=1) only.

SCENARIO Future scenarios rail line will be used in. A string of ALL scenarios (first digit of three
digit code) that will contain route. May NOT be blank.

ACTION Action code for the route

TIP_ID TIP ID number

COMPLETION_YEAR

Year in which the project is to be completed

RSP_ID

ID for regionally significant projects

NOTES Other descriptive information. Entries must be separated by colons. 30 character limit
RCPnoBuild Indicates if the route is included in the RCRo-build scenario
RCP_ID ID for Regional Capital Projects




Implementation of the GTFSbased rail coding required a reimagining of how future rail project
coding would be handled.The desired outcome was to maintain the simplespreadsheet-based
future service coding proceduresCMAP has usedor years.To achieve this, anACTIONcode
variable was added to the required attributes in the future route tablelhis value describes what
type of service or improvement is being implemented and instructs the processing scripts on how
to handle the data input.A brief description of the future railACTIONcodes is providedin Table15.

Table 15. Future rail coding action codes

Action

code Meaning Discussion

1 New line or service The entire itinerary must be coded

2 Travel time reduction on ITIN_A andITIN_B define the nodes between which the travel times

selected links will be reduced (only the end points need to be coded). Code both
directions of travel if applicable. TheTRV_TIMKalue represents the
% reduction applied to the base year travel time (for instance 0.1
means a 10% reduction). To apply the travel time savings to the
entire itinerary, codelTIN_A andITIN_B as the beginning and ending
nodes on the line and coddL,AYOVER99. If the time reduction
applies to multiple lines, each must be coded separately.

3 New station ITIN_A andITIN B define the nodes between which the new station
will be inserted. Store node number of new station ihAYOVER
Code both travel directions if applicable.

4 Line extension Itinerary only contains the coding for the additional segments to be
added to the base year runs. Code both directions of additional
segments if applicable. For extension at ending terminal, code

IT ORDERvalues beginning with 1001. For extension at beginning
station, use negative values.

5 Shift to different downtown The SWS will switch from Union Station to LaSalle Street Station
station essentially this is just swapping one link for another at the CBD end
of the itinerary. In itinerary coding:

ITIN_A andITIN_B are the original nodes defining the link.
LAYOVERoolds the new node number.

IT ORDERSs used to identify which node is being replaced by the
value inLAYOVER14ATIN A and 24TIN B.

Code both travel directions if applicable.

6 Placeholder for TIP When a future project reaches its time horizon and is implemented,
identification number it gets coded into the current routes. At this point the project could
be removed from the future routes, except it is necessary to maintair,
the project's TIP ID in the future routes. To dbis without affecting
the network, the project is coded like an action code 2 with a 0%
travel time reduction.

7 New consolidated rail station | Two existing rail stations are being consolidated and replaced with g
new station. In itinerary coding:

ITIN_A andITIN B are the remaining nodes between which the new
station will be inserted

LAYOVERolds the new station node number

Code both travel directions if applicable




When the future rail coding is processed to create scenario transit networks, new lines/service
(ACTION-1) are added to the set of existing ones to increase the total. FACTIONcodes 2-5 and 7,
the changes described in the coding are applied to the existing transit routes (no actual processing
is performed forACTION:6). Additionally, modified unique counters (characters four through six in
TR_LINEare used for future rail lines:

For ACTIONcode 1:q 6 W WHY 2 UqJl W 6 Ye Ol WHWWE WeMMLY 131 RIJt Wbl R K
HUNRUURUNWSs Ra6 WbMNwB HO

For ACTIONcodes 2-7: the counter should start with two asterisks (one if the counter requires two
digits) followed by a counter. For example, mri**1 identifies the coding as a general improvement
that will apply to all runs on the specified line.

Future rail itinerary coding contains the same fields as the existing itinerary coding, except for the
GTFSderived fields. The use of theACTIONcode allows for a great deal of flexibility in coding the
itineraries. CMAP staff uses this flexibility to rely upon one future rail coding template where the
definitions of the itinerary fields are dependent upon theACTIONcode applied to the specific

route. The benefit to the analyst of using this coding scheme is only minimal future rail coding input
is required to implement the desired changes. Processing scripts perform all the painstaking work.

Zone systems

Three different zone systems are used in the regional travel demand model. The zone systems all
serve different purposes within the regional travel demand model

Trip generation zones

Trip generation zones (or subzones) are the smallest level of geography used in the travel demand
model. Subzones are quartersection-sized geographies that CMAP uses for household and
employment forecasting. The current edition of the subzones is known dSubzonel7" (identifying
the year in which it was developed). This most recent improvement to the subzones included
adding a few hundred more subzones by replacing previous Censtmsed subzone boundaries

with boundaries based on thePublic Lands Survey System¢PLSS). The CMAP modeling region
comprises 17,418 subzones (shownri Figure7).



https://en.wikipedia.org/wiki/Public_Land_Survey_System

Figure 7. CMAPtrip generation zones
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Quarter-sections are based onthe PLSS subdivision of land into township and range, and then into
sections. Two major benefits of using this system as the basis for the subzones are:

i The geometry does not change (unlike Censtisased geography).

i The PLSS sections conform in most cases to state, county, and township boundaries
(unlike other referencing systemssuch as the U.S. National Grid).

As indicated by their name, the trip generation zones are used to aggregate socioeconomic data

into geographic units suitable for providing input to the trip generation model to generate trip
productions and attractions. Trip generation zones serve asthd ¢ + 1JLWG 32 G Wn Y1 W9 ~ Ak
zone systems. The two remaining zone systems are created by aggregating the subzones into larger
geographies. Thus, the subzones always nest perfectly within the other zone systems.

Modeling zones

While the trip productions and attractions are generated in a zone system based on survey quarter
sections, this level of detail is not used for the remaining modeling processes. At this time, the
space and computing capabilities required to complete calcudations on matrices composed of

over 17,000 trip generation zone origins and destinations (more than 300 million values) is
prohibitive. Therefore, the subzones are aggregated into the CMAP modeling zone system for the
remaining steps of the modeling procsesy destination choice-mode choice, and assignment.



Figure8 shows the 3,632modeling zonesfor the CMAP regionThese zones generally follow the
survey township geographyZonesare eithersections (approximately one square mile) or regular
subdivisions of townships @-square-mile ninths of townships, 9-square-mile quarters of
townships, or whole townships).The modeling zones are equivalent to their underlying subzones
outside of the CMAP planning area. Additionally, there are kEkternal zones, or points of entrythat
are not shown.These are arrayed around the outside of the pictured zone system, representing
trips on major highways entering the region.

Figure 8. CMAPmodeling zones
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The density of the modeling zones (and by extension the subzones) increaseshin downtown
Chicago. The Chicago Central Business District (CBI§ a preGIS convention established by CATS
and the Northeastern lllinoisPlanning Commission NIPC) that was based on boundariesset at
Chicago Avenue, Halsted Streetand Roosevelt RoadIt includes modeling zones 1 through 47. The
larger Central Area also was established by CATS and NIPC prior to @l &eflect the high density of
trips made in this area Itis based on the boundariesat North Avenue, Ashland Avenugand

Cermak Road The Chicago Central Area is shown irigure9.

The Central Areaincludes modeling zones 1 through 770f the 77 zones, 30 are quarter section
sized zones(one-half mile by onehalf mile). Most remaining modeling zones (representing the
CBD)are quarter-quarter-section sized zones(one-quarter mile by one-quarter mile).



Figure 9. CMAP central area zones
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To simplify selecting discrete geographic areas, the modeling zones are numbered consecutively
by county andtownship. Chicago is consecutively numbered starting with the CBD (147), the
Central Area (4877), the Transit Hub (78L21) y which provides a onemile buffer around the
Central Areay and then by townships for zones within the city limitTable16 lists the
correspondence between subzones, modeling zonesand geographic areas.

Table 16. CMAP subzonezone correspondence

COUNTY ZONE17 SUBZONE17
FIPS Name First Last Last
17031 Cook 1 1732 |1 3895
Chicago (excluding DuPage portion) 1 717 1 983
CBD 1 47 1 52
Chicago Central Area 1 77 1 84
Chicago Transit Hub 1 121 1 129
17043 DuPage 1733 2111 | 3896 5252
Chicago portion 1733 1734 | 3896 3904
17089 Kane 2112 2304 | 5253 7406
17093 Kendall 2305 2325 | 7407 8702
17097 Lake 2326 2583 | 8703 10598




17111 McHenry 2584 2702 | 10599 13042
17197 Will 2703 2926 | 13043 16426
17063 Grundy 2927 2950 | 16641 16807
Aux Sable Township 2949 2949 | 16664 16807
17007 Boone 2951 2975 | 16427 16451
17037 DeKalb 2976 3021 | 16452 16640
Sandwich & Somonauk Townships 2977 2977 | 16454 16597
17091 Kankakee 3022 3073 | 16808 16859
17099 LaSalle (partial) 3074 3145 | 16860 16931
17103 Lee (partial) 3146 3151 | 16932 16937
17141 Ogle (partial) 3152 3168 | 16938 16954
17201 Winnebago 3169 3247 | 16955 17033
18089 Lake, IN 3248 3344 | 17034 17130
18091 LaPorte, IN 3345 3400 | 17131 17186
18127 Porter, IN 3401 3467 | 17187 17253
55059 Kenosha, WI 3468 3512 | 17254 17298
55101 Racine, WI 3513 3568 | 17299 17354
55127 Walworth, WI 3569 3632 | 17355 17418
POEs 3633 3649 | N/A

Capacity zones

The final zone system used in the regional travel demand model is the capacity zone system
(displayed inFigure10). As with the modeling zones, these zones are built by aggregating the
subzones. The capacity zones help estimate general road capacity for the highway assignment
procedures. Some specific calculations that use the capacity zone value include:

i Calculation of an ordinal arterial functional class within the model
i Calculation of the number of inbound approaches into an intersection

9 Estimation of traffic signal greento-cycle ratios and signal cycle length for ramps
connecting arterials and expressways



Figure 10. CMAP capacity zones

Racine {

Walworth

WISCONSIN ‘ | \
ILLINOIS = — : -

MICHIGAN
INDIANA
1
2
LaPorte 3
e 4
B s
6
7
8
9
Il 10
11
0 5 10 20 Miles

SiE s S EE SE

Gty of Chicaga, County of DuPage, Esd Canada, Esrl, HERE, Garmin, SafoGraph, FAD, METI/NASA, USGS, EPA, NPS

The values of the capacity zone system are listed below able17. Within the travel demand
model structure, the capacity zone values are stored as a node attribute in the highway network
database. Thus, the values in the table below correspond to the values of tRREATYPiariable in
the highway network node table.

Table 17. CMAP capacity zone codes

Capacity

zone value Description

1 Chicago Central Business District (207 subzones 152)

2 Remainder of Chicago Central Area (2A¥ subzones53-84)

3 Remainder of City of Chicago (207 subzones 8-983 and 3896-3904)

4 Inner ring suburbs where Chicago street grid is generally maintained

5 Remainder of Illinois 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, IN (rural)

11 External area

99 Points of Entryt not defined in the Capacity Zone system




Analysis network preparation

Preceding sections briefly discussed the procedures used to take the highway network and transit
service information from the GIS databases and process it for use in modeling networks.
Processing programs export data from the model networlatabases andupdate the highway
network and transit service characteristics based on the scenario network being created. After all
characteristics are updated, a set of text files suitable for importing into the travel demand
software is created, containing the data @fining the transportation network.

Highway network

Separate import files are created for each of the TOD highway networks, as well as for one all
inclusive highway network. The TOD networks contain timperiod specific changes to links, such
as time-of-day parking restrictions and reversible lanes. Each Thighway network has a set of
four import filesy two defining link attributes and two defining node attributes. The files contain
the standard link and node attributes required by the travel demand software, as well as extra
caqaql RAz qldt We I sddivthinidhe tisvel démamdusoté: The files are imported into the
modeling software to create the TOD highway networks.

Highway network link attributes are shown imrable 18 with required attributes highlighted in blue.

Link modes are defined to enable a multiple vehicle class highway assignment that matches the
2U6RAINVW! GIJt Wet UT WnY! WIJGRtt RYUWHRcOHR2GecqRY Ut oW~
modes are secondaryauto modes. No transit modes are included in the highway network because

the transit network exists as a separate entity. This also means that no transinly links (such as

rail links or dedicated busways) are included in the highway network.
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(HOV) allow high occupancy vehicle facilities to be represented in the network. For example, mode
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Table 18. Model Highway Network link attributes

i From node
j To node
len Link length in miles
mode Modes on link:
A=primary auto b= B plate truck
S=single occupant auto (SOV) I=light truck
H=high occupancy auto (HOV) m=medium truck
T=general truck h=heavy truck Batchin
lanes Number of driving lanes files
vdf Volume-delay function code.
1=arterial street 5=freeway-freeway ramp
2=freeway 6=zone centroids connector
3=freeway-arterial ramp 7=link where toll is collected
4=expressway 8=metered entrance ramp
@speed Speed limit or CMAP free speed
@parkl Number of parking lanes along roadway




@sigic Link with interconnected signals

@width Driving lane width in feet

@toll Toll amount in dollars

@ftime Uncongested link travel time in minutes

@emcap Level of Service E lane capacity on link

@artfc Arterie_ll Iir_1k functiqnal class: _ _ scripts
1 = Principal Arterial 3 = Minor Arterial
2 = Major Arterial 4 = Collector

@gc Green time to cycle length ratio

EURYUT ¢l ! WeeqYWaYT DWbNwWRY We WNWIUWI ¢dWql edt WaYT I
excluding truck modes, commercial vehicles can be prohibited from facilities, such as Lake Shore

Drive, and the Kennedy and Dan Ryan express lanes. The addtio & Wa | 2 At WG YT 13t WHHAA
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testing of truck-only facilities based on weight classes.

Wa RUt k-delahzfonctiendMIDF) is based upon the five categories in CMAP's link capacity
calculations, which include arterial, freeway, arteriatfreeway ramp, expressway, and freewayo-
freeway ramps. Three additional volumedelay functions are included for links connecting zone
centroids to the network, links where tolls are collected, and metered freeway entrance ramps.

In addition to these standard variables required by the modeling software, some additional link
attributes are included in the network. Many supplemental variables come directly from the MHN
database. Other attributes used in thescripts include the link's posted speed limit, as well as
whether curb parking is allowed and the average width of driving lanes. For toll collection links, the
amount of the toll also is included.

Table19lists the highway network node variables that are used. Standard node attributes are the
node number and the xand y-coordinates of the node. Node extra attributes are additional
quantities associated with the node, including the zone number and area typ(capacity zone value)
at the node location. Area type definitions are listed ifablel7.

Table 19. Model Highway Network node attributes

i Node number

Xi x-coordinate (NAD27 IL East State Plane feet)

yi y-coordinate (NAD27 IL East State Plane feet) Batchin files
@zone Modeling zone node resides in

@atype Capacity Zone values (refer to Section 2.5)

@napp Number of approach links scripts
@cycle Traffic signal cycle length in minutes

After the TOD highway networks are imported into the travel demand software, tvgaoripts prepare
the additional link and nodeattributes needed for the time assignments.The firstscript,
Ftime_capacity, calculates link lane capacitiesin vehicles per hour,and uncongested speeds

based on link characteristics such as functional class, lane width and posted speed limit. The
network database also includes variables to flag those links that change characteristics depending
on the time, such as links that have peak period parking restriction3.hesefactors also are
considered when link capacity iscalculated.



The @lculations in the Ftime_capacity script generallyare consistent with the capacity procedures
found in the 1985 Highway Capacity Manual and the 1994 update to the manud@he capacities of
arterial street links reflect the type of signalized intersection at the link'sipode, or downstream
node. Thescript logic first analyzesthe links entering anode andthen estimates the capacity for
each approach link based on generalized signalized intersection characteristicapacities for
ramps between freeways and arterial streets ending at signalized intersectiorege determined in
the same manner as arterial streets.

The concept behind this process is link capacitiesUncongested travel times must always be
recalculated before an assignment is run, rather tharbe maintained as static network variables in
the database. The capacities and uncongested travel time for links ending at a signalized
intersection depend on the characteristics of all approach links into the intersection, not just the
link of interest. As a result, link capacities and uncongested travel times depend on network
topology. Adding, removing or modifying a link affects the capacities and uncongested travel times
of all links that intersect it at a signalized intersection Calculating these network quantities as part
of the assignment procedure ensures they are current when the assignment is carried odtis
approach simplifies the introduction of certain types of improvements into the modeled network.
The effects of parking restrictions, traffic control device improvements, signal progressigrand
intersection improvements can be modeled in thescript, eliminating lengthy manual adjustment of
capacities and times on a linkby-link basis.

TheFtime_capacity script develops some extra link attributes, which briefly are describedLink
uncongested travel time(@ftime) is calculated and is usedin the volume-delay functions. It should
be noted that this travel time does not contain any intersection delay, which is calculated
separately by the volumedelay functions. Capacity valuescalculated by the script (@emcap) are
hourly lane capacities at levelof-service E.Link capacity for the timeof-day period, referenced
within the volume-delay functions, is later obtained by multiplying@emcap bythe number of
driving lanes on the link and theaumber of hours inthe assignment timeperiod.

The secondscript, Arterial _delay, repeats many of the same calculations ag~time_capacity. It
again evaluates approach links at signalized intersections and estimates signal cycle lengths thie
j-nodes of arterial street links It also estimatesthe proportion of the cycle length allocated to
traffic on the link. These two quantities are retained in extraode and link attributes y @cycle and
@gc, respectivelyy to be used laterin the volume-delay functions that estimate intersection
delays. An ad hoc functional class (@artfc) alsois assigned to arterial street links based on the
location of the link, its speed limit and number of driving lanesThis functional class onlyis used to
allocate green time at signalized intersectionswhich depends on the cycle lengthand the number
and types of conflicting approach links.The final link extra attribute in the table is the ratio of green
time to cycle length, @gc at the downstream node of a linkThis value is usedn the volume-delay
functions.

Transit network

Thetravel model usescoded transit networks reflecting transit service in the morning peak period
(6:00 to 9:00 a.m.) and the midday period (9:00 a.m. to 4:00 p.mg obtain transit cost and service
information. A transitnetwork contains over 12,000 bus and rail mode links totaling nearly 5,700
miles in length. While the highway network data are all contained within the MHN database, the
transit network comprises three separate components that must be integrated to create transit
modeling networks, including:



9 Bus route coding: All current and future bus route coding is stored in the route systems of
the MHN geodatabase. This coding includes the following transit modes B (CTA regular
bus service), E (CTA express bus), P (Pace regular service), L (Pace local service), and Q
(Pace express service).

9 Rail route coding: All current and future rail route coding is stored in the railoute systems
of the MRN geodatabase. This coding includes modes C (CTA rail) and M (Metra rail).

9 Auxiliary links: In addition to the transit coding itself, model transit networks require a
system of auxiliary links to provide needed connections. Auxiliary links provide transfer
links between different transit modes or lines that do not pass through the same nodes, as
well as walk access to transit service from zone centroids (trip beginning) and walk egress
from transit service to zone centroids (trip end). A set of auxiliary links is created
dynamically when the transit network files are generated. Thprocedures used to create
the auxiliary links are discussed below. Zones requiring drive access transit stations are
not provided with specific auxiliary drive access links ratherdrive access is handled by a
matrix calculation that will be discussed later.

Table 20 lists the auxiliary link modes included in the transit networks. The transit network modes

are case sensitive, which means all transit modes are uppercase and all auxiliary link modes are
lowercase. The three types of auxiliary links are transfer links oaecting transit lines to one

another, access links to connect a zone centroid to transit service at the beginning of a trip, and

egress links connecting transit service to a zone centroid at the end of a trip. Transfer links are bi
directional while access and egress links only serve one direction of tralidn practice, access and

egress links are generally bdirectional links with the appropriate mode assigned to the
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Table 20: Auxiliary link modes

<
o
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®

Description

Bus-Bus walk
Bus-CTA rail walk
Bus-Metra walk
Metra-Metra walk
CTA raitCTA rail walk
CTA RadMetra walk
Home-Bus walk
Home-CTA rail walk
Home-Metra walk
Bus-Work walk

CTA raitWork walk
Metra-Work walk

§ K c dpéofldlnover

Link Type

Transfer

Access

Egress
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Aucxiliary

Transfer links

There are six different transfer link modes, each identifying a connection between different types of
transit service. Transfer links are needed when two services are physically separate because they
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auxiliary links, no such distinction is made between CTA and Pace bus service. All bus service is
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are read directly into the final transit network via the rail.network file. The remaining transfer links

are created as follows

Mode b: All highway network arterials TYPEL in the MHN) located in modeling zones-%8,

| DGI 3t JOgqRUNWecUOWe! e WTet quWt GRNGqG! Wacl NIl Wadbce UL
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input file bus.network.

Mode c: The Euclidean distance is calculated between CTA rail stops and all bus stops. A

maximum distance of one-eighth mile (660 feet) is allowed between CTA rail stops in the CBD and

bus stops. A maximum distance of a half mile (2,640 feet) is allowed between bstops and the
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bus route is retained. As CTA rail stations may be served by multiple bus routes, there may be
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only occurs if the shared stop was not the shortest link from the CTA rail stop for all the affected

bus routes. These auxiliary links are stored in access.network.

Mode m: Straight-line distances are calculated between Metra stops and all bus stops. Maximum
distances of a quarter mile (1,320 feet) and 0.55 miles (2,904 feet), respectively, are allowed

between Metra stops and CTA bus stops, and Metra stops and Pace bus stopsY I 1J lbd w WG ROt
attached to all bus stops determined to be within the allowable distance. There are no constraints

on connecting a Metra stop to multiple stops on the same bus route or on connecting a bus stop to
multiple Metra stops. These aukiary links are stored in access.network.

Access and egress links

Access and egress links are specific to modes, sdhere are three access modes connecting zone
centroids to different types oftransit service and three egress modes connecting transit service to
a centroid. Each access and egress mode appsto only one direction.For example, a centroid is
connected to a Metra station by onal Y T 1J UWinksresrilihe centroid to the station, and onemode
/b Alirklffom the station to the centroid In practice, this usually, but not always, results in a twe
way link with different modes in each directionThe access and egress links are created as follows:

Modes u and x, generic bus access and egress: The Euclidean distance between centroids and

transit stops is calculated to determine access and egress link length. Bus stops are separated into

CBD and nonrCBD stops. A maximum distance of a quarter mile is allowed between centroids and

CBD bus stops, whle a maximum of 0.55 miles is allowed between centroids and the remaining

bus stops. The access/egress links are merged with bus itineraries, connecting multiple links per

transit line to the same centroid. Tils allows for numerous access/egress connections between the

same bus route-zone centroid pair if thebus itinerary varies by direction. Redundant access and

egress links are eliminated, and links are grouped by centroid and sorted by link length in ascending
YITUIOW Wiec+FRA2GWYNWIRNGqWE YT DWW+ WG RUE T We | 1JLWE 1J
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centroid. These auxiliary links are stored in access.netwdt

Modes v and y, CTA rail access and egress:The straightline distances are calculated between
centroids and CTA rail stops. A maximum distance of 0.55 miles is allowed between CTA rail stops



and zone centroids. By rule, each CTA rail station is connected to the centroid of the zone it resides

in with an assigned distance of 0.55 miles if the link length exceeds 0.55 miles. The remaining

access links are ranked in ascending order and are assigd to centroids until the maximum
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zone with a CTA rail station. The same process is used for the egress links. Maximums of seven and
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addition to the connection to the station zone. These auxiliary links are stored in access.network.

Modes w and z, Metra rail access and egress: Metra station access and egress links follow the
same basic procedures as CTA rail station links. A maximum distance of 0.55 miles is allowed for
these links. Metra stations are connected to the centroid of the zone they are within, and a length of
0.55 miles is assigned to the link if it exceeds the distance limit. Unlike with the other access and
egress links, there is no constraint on the number of Metra access and egress links per centroid, so
all are put inthe final network. These auxiliary links are stored in access.network.

Table21 summarizes the processing rules used to develop the auxiliary links. When the processing
is completed, the result is a set of scenario transit network files that are formatted to be imported
into a single scenario of the travel demand software.

Table 21: Auxiliary link processing rules

Forced to connect to Maximum number of links
Maximum distance centroid ? per centroid
c SWaRGUWWRUW9 7? No N/A
1% mile outside CBD
m Y4 mile for modes BE No N/A
0.55 miles for modes PLQ
u, X Y2 mile in CBD No ut3
0.55 miles outside CBD XT8in CBD, 2 outside CBD
v,y 0.55 miles Yes vTforced + max. of 3 additional
yTforced + max of 7 additional in
CBD, forced + max of 3 additional
outside CBD
w, z 0.55 miles Yes N/A

Zonal impedances

Aprimary role of transit networks is to generate transit level of service variablder the generalized
cost procedures used in the destination choicemode choice model. Impedance matrices are
created for zoneto-zone invehicle times, fares, first wait time and remaining ouf-vehicle time.

In the logic of the CMAP models, the zonrto-zone quantities are all measured from the point where
transit service is first boarded rather than the actual trip originAccess modes times, and costsare
generated using Monte Carlsimulation techniques. These techniques will be discussed later in
the document.

Zone-to-zone impedances are built using the time and cost components of the transit network.
Time components are weighted to reflect the relative disutility to the traveler. For instance, walking
time is weighted at two times the rate of time spent withira transit vehicle. Similarly, fares are
weighted so they can be combined with times to create an overall measure of the impedance of a
particular path.

A multi-path transit assignment iscompleted to provide transit impedances for zones that have
walk access to a transit station.For zones with no walk access to a transit statiorhighway



impedances from a complementary highway assignment are used to index therigin zoneto a
station zone that minimizesdrive accessand transit impedance to the destination.All cost
components in the impedance matrix between the auto access zone with no walk access and the
destination are replaced with cost components from the selected station zone to the destination.
The result is, instead of the zone being disconnected, the origin to destinati times and costs are
populated with times and costs reflecting the selected station.In this application, a generalized
parking cost is calculated to reflect on and off-street parking availability and cost

The transit network scenaricalso isused to generatetravel districts based on a hierarchy of

services present inthe zoneN 6 Rt WRY We¢ UcdYNYet WaVY W ~andmioritdé Rt aq Y| F
mode categorization. The mode matrices are constructed based upon the transit services likely to

be used when moving between these zone groups.

The effects of congestion on bus travel times are included in the transit skimming procedures. The
modeled bus travel times start with scheduled times from the GTFS files produced by the transit
service providers. In iteration zero, the scheduled times fathe morning peak and midday scenarios
are compared to congested auto travel times from a comparable model run. The congested times
are used if they are longer than the scheduled bus times. After each full model iteration, bus travel
times are again updatel with auto travel times when the auto time is longer than the scheduled
time. The transit impedance matrices are recalculated with each iteration and maintain a
consistent relationship with the auto travel times. This is important because the relationship
between auto and transit travel times is an important determinant of the regional model results. An
additional feature allows the schedule time to be retained by coding the transit travel time function
as two where congested times should not be consideredThis is helpful for scenarios that include
bus rapid transit or other similar services that will not be impacted by prevailing traffic conditions.

Ancillary data input files

In addition to the network datasets several ancillary data files contain information on transit
service levels, parkand-ride availability, CBD parking, and auto operating costs. These files are
briefly described in this section.

MO1 file
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mode choice model with zonal transit availability, and park and ride characteristic parameters.

Some of the parameters are calculated using transit network characteristics and are specific to

each scenario network. The contents of the MO1 file are summaed in Table22.

Table 22: MO1 file attributes

Field name and Description

position

Zonenumber (1) Modeling zone number

Zonetype (2) 171 Chicago Central Area zone (I/'7)

21 Chicago zone outside of the Central Area (#809)
3 1dense suburban zone (more than 500 activities [population + employment]
per square mile)




4T remaining suburban zones

Park and Ridecost (3)
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centroid. This represents the lowest rate of either the daily parking rate or the
cost of a monthly parking pass divided by twenty workdays.

Median zone household
income (4)

The median household income in the zone (in $100s) derived from
POPSYN_HH.CSV (2019 dollars)

Park and ride availability (5)

A binary value indicating that the zone has park and ride access if there is a
Gel t WeUl W RIyWwWavYAecqRYULWs Raqdé RULWGeIJULWGA

Average waiting time for bus
service in zone for homework
trips (6)

The average wait time for bus work trip (in minutes) for modes BEPQ.
Calculated as the mean of (headway*0.5) for all bus stops served by selected
modes within the zone during the AM peak period. To account for spatial
inaccuracy, stops are buffered by 0.Imiles. Maximum value is 99, default value
of 99 used for zones with no bus service.

Average waiting time for bus
service in zone for nopwork
trips (7)

The average wait time for bus nowvork trip (in minutes) for modes BEPQ.
Double the wait for bus work trip (as a proxy for midday service).
Maximum/missing values set to 99.

Average waiting time for
feeder bus service in zone for
home-work trips (8)

The average wait time for feeder bus work trip (in minutes) for mode L.
Calculated as the mean of (headway*0.5) for all bus stops served by mode L
within the zone during the AM peak period. To account for spatial inaccuracy,
stops are buffered by 0.1 miles Maximum/missing values set to 99.

Average waiting time for
feeder bus service in zone for
non-work trips (9)

The average wait time for feeder bus nework trip (in minutes) for mode L. No
feeder bus service in offpeak period, so:all values set to 99.

Home-work trip auto work
end auto occupancy (10)

Zone vehicle occupancy rate for commuters (i.e., workers per vehicle),
measured at destination (work) location. Calculated using data fromthe 2017-
2021 5-year CTHP data.

DISTR file

The DISTR files contain zonal transit approach distribution parameters, which are used to

determine mode choice. The parameters are calculated using transit network characteristics and

are specific to each scenario network.Table23 describes the DISTR file fields.

Table 23: DISTR file attributes

Field
number
1

Mode
category

Description

CMAP modeling zone number

Commuter rail 2,5,14

(fields 2-4)

CTA rail
(fields 5-7)

Park and Ride
(fields 14-16)

Mean distance in miles to station (or park and ride)

Calculation: A distance calculation is performed to find the rail
station closest to each subzone centroid. The closest station
distances are then aggregated to the zonal level to determine the
mean distance weighted by subzone households. The maximum
mean distance & set to 19.95 miles. The analysis is performed
separately for the commuter rail stations, rapid transit stations and
park and ride locations.

3,6,15

Standard deviation of distance to station (or park and ride)

Calculation: The standard deviation is calculated as the square roo|
of the sum of [the zonal variance calculated above and a subzone
variance, estimated to be 0.042].

4,7,16

Type of Mode Choice distribution
101 (default) = normal distribution
102 = exponential distribution

Bus 8,11

(fields 8-10)

Minimum bus stop distance (miles)

Calculation: A set of bus stop buffers (incremented by 0.1 miles
from 0.1 up to 1.1 miles) are created. The buffers are overlaid with




Feeder Bus the zone system to determine the proportion of each zone covered
(fields 11-13) by each buffer. The minimum bus stop distance is determined by

the size of the smallest buffer that covers any part of the zon&he
value is set to 999 for zones that are not covered by any portion of
the largest buffer. The analysis is performed separately for bus
(modes BEPQ) and feeder bus (mode L) stops.

9,12 Maximum bus stop distance (miles)

Calculation: The maximum bus stop distance is determined by the
size of the smallest buffer that covers the entire zone (for practical
reasons the threshold is 97% of the zone). The value is set to 999 f
zones with a minimum distance of 999 or is set to 1.1 if nouiffer
meets the coverage threshold and the minimum distance is not
999.

10, 13 Proportion of the zone within minimum walking distance

Calculation: This value is calculated as the area of the zone
covered by the minimum distance buffer divided by the area of the
zone covered by the maximum distance buffer. This value is set to
999 for zones with a minimum distance of 999.

Three separate DISTR files are used: HO_DISTR.TXT, HW_DISTR.TXT and NH_DISTR.TXT. As with the
MOL1 file, two separate formats of the DISTR file are created, including one for horbased work
trips and one for the other trip purposes. The only difference beteen the formats is that the feeder

bus fields (11-13) are all set to 999 for the homdased other and nonhomebased files.

MO023 file

The M023 file contains transit fare and auto operating cost data used by the pdéstribution and
mode choice models. The cost data reflect 2019 values. The file is composed of six records,

including:

CTA fares

Pace feeder bus fares

Pace regional bus fares

Auto operating costs in 5mile-per-hour increments for speeds between 840 miles per hour

Auto operating costs in 5mile-per-hour increments for speeds between 4680 miles per
hour

Average auto operating costs pemile-by-zone-type used to estimate transit access/egress
costs

The CTA fares used in the M023 file are:

Bus boarding fare is $1.51
Rail transit boarding fare is $1.70
First transfer is $0.19

Link-Up pass per ride is $1.38 (approximately equal to $55 monthly cost divided by 40 trips
per month)



The Pace fares used in the M023 file are:

91 Feeder bus boarding is $1.38 (assumes Linldp pass)
CBD feeder bus fare is $0.00 (fare calculations revised and no longer used)

Pace current regular fare is $1.58
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Pace first transfer is $0.24

Auto operating costs were updated to reflect current fuel consumption and the current costs of
tires, maintenance, and gasoline. These costs were derived from two sources. A 20fa6blication

by AAA was the source for the pemile costs of auto maintenance and tires. These values were
adjusted to 2019 using theConsumer Price Index Figures on the average gasoline consumption per
mile were obtained from the U.S. Energy Information Administration. A $3.00 per gallon gasoline
cost was assumed to convert the gasoline consumption into a cost per mile. The resulting costs per
mile for auto travel are listed inTable24.

Table 24: M023 file auto operating costs

Cents per mile

Fuel used Gasoline

Miles/ hour gallons/mile (@$3.00/Gal) Tires Maintenance

0-5 0.060 18.08 1.06 5.62 24.76
5-10 0.049 14.69 1.06 5.62 21.37
10-15 0.041 12.43 1.06 5.62 19.11
15-20 0.036 10.74 1.06 5.62 17.42
20-25 0.032 9.61 1.06 5.62 16.29
25-30 0.030 9.04 1.06 5.62 15.72
30-35 0.030 9.04 1.06 5.62 15.72
35-40 0.030 9.04 1.06 5.62 15.72
40-45 0.030 9.04 1.06 5.62 15.72
45-50 0.029 8.76 1.06 5.62 15.44
50-55 0.029 8.76 1.06 5.62 15.44
55-60 0.029 8.76 1.06 5.62 15.44
60-65 0.031 9.32 1.06 5.62 16.00
65-70 0.034 10.17 1.06 5.62 16.85
70-75 0.037 11.02 1.06 5.62 17.70
75-80 0.040 11.87 1.06 5.62 18.55

The last record in the file contains the average per mile auto operating cost for each of the four zone
types (defined in the MOL1 file). The M023 data is collapsed into six records, which are shown in
Table25. All values are reported in cents.


https://exchange.aaa.com/wp-content/uploads/2017/05/2016-YDC-Brochure.pdf
https://www.bls.gov/data/inflation_calculator.htm
mailto:@$3.00/Gal

Table 25: M023 file layout

Field locations

16-20 21-25 26-30 <Hl=els 35-40

CTAfares | 151 170 19 138

Feeder

bus fares | 138 0

Pacefares | 158 19

Auto

operating | 2476 2137 1911 1742 1629 1572 1572 1572
costshy 5

MPH 1572 1544 1544 1544 1600 1685 1770 1855
Auto

operating

costs by

zone 2000 1700 1500 1500

type

CBD parking file

CBD parking costs alsaare important to the destination choice-mode choice model. A database of
selected central area parking facilities is used to provide parking cost distribution information to
the composite cost and mode choice models.The specification of the variables and fields is
described in CATS Working Paper 981. The parking supply database currentlys treated asa fixed
input unless a scenario is testing the effect of downtown parking costs on regional mode choice.

There are two different CBD parking files. The first file identifies the parking supply characteristics
of each Central Area zone that contains parking. Each zone in this set has five records with the
following information:

i Central Area parking zone number

9 The probability of finding parking within the zone at or below the threshold parking cost (this
2clellWiet qUWANWNMMWGHY! #APYUqUWRUWWIE #S WAY UKt WnR™

9 The threshold parking cost in cents per hour

The savings in parking costs in cents per hour determined by subtracting the threshold
parking cost from the maximum parking cost in the zone

i The amount of time needed to walk one block in the CBD (180 seconds)

A sample of the parking supply records for CBD zone 5 is displayedTiable26. Note the maximum
cost to park in this zone was identified as $6.00 ($48.00 per eighbur day).


https://datahub.cmap.illinois.gov/documents/00ed4fd3aa564d369de5f7f1a26c022f/about

Table 26: CBD parking file 1y sample parking supply records

Parking Threshold cost Cost savings Walk speed
probability (cents/hour) (cents/hour) (seconds/block)

(0.0001)

5 2000 153 447 180

5 3000 154 446 180

5 6000 178 422 180

5 8000 311 289 180

5 10000 600 0 180

The parking supply records were updated using the following procedures. A website for downtown
parking availability pestparking.com) provided data for these values. Offtreet parking facilities
were organized by Central Area parking zones. The least costly daily rate for each facility was
determined using either the early bird daily rate, daily rate, hourly rate multiplied by nine bcs, or a
monthly rate divided by 20 workdays. Each parking facility in a zone was assumed to have the same
selection probability. Probabilities of facilities in the same zone and with the same best daily rate
were combined. Cumulative rate probabilities br each zone were then totaled from least to most
expensive parking facility and the cost savings compared to the most expensive facility in each
zone were calculated. Five parking supply records were created from the parking probabilities and
threshold costs. In zones with many offstreet parking locations, threshold costs were selected to
yield nearly equal probability intervals.

User characteristics are important to the cost paid for parking, and they were updated 2020
using data from the My Daily Travel survey. Thesbkaracteristics include the percentage of people
who have access to free parking, and the perceageof trips by auto occupancy.Both
characteristics are stratified by income. While it may seem curious to input quantities that are
estimated by the models, these travel characteristics are needed to compute the free versus jzh
CBD parking and the parking costs pergyson. Given their role in the cost calculations, they only
need to be rough estimates based on observed travel.

The user characteristics are included in the second CBD parking file. There are only five records in
this file. These records are ordered by household income ranges and include the following
variables for Central Area commuters:

9 The upper value of the household income quintile range (last record is the lower bound of
the highest quintile)

The percentage of Central Area auto commuters with free parking

The percentage of all Central Area workers taking transit to the Central Area

The percentage of Central Area auto commuters in singleccupant vehicles

The percentage of Central Area auto commuters ridesharing in twperson vehicles

The percentage of Central Area auto commuters carpooling in thregerson vehicles

=4 =2 4 A A A

The percentage of Central Area auto commuters carpooling in fotor-more-person
vehicles.


https://bestparking.com/

The user characteristics are shown ifTable27. Most of the values do not change with income. This
is due to the limited sample of Central Area parkers found in My Daily Travel.

Table 27: CBDparking file 2"Huser characteristics

‘ Auto occupancy

Income Park

quintile free Transit One Two Three  Four ormore
29999 32.6 41.3 85.4 10.1 0.8 3.7
59999 32.6 435 85.4 10.1 0.8 3.7
99999 32.6 53.9 85.4 10.1 0.8 3.7
149999 32.6 53.6 85.4 10.1 0.8 3.7
150000 32.6 49.1 85.4 10.1 0.8 3.7

Monte Carlo simulation

A major source of inaccuracy in travel demand modeling is the use of average valyssch as the
average cost of parking in a traffic analysis zone or the average income of the travelgne
CMAP/CATS travel demand analysts recognized this potential source for inaccuracy early, perhaps
before anyone else was aware of the problems that could be generated lging average values.

The solution was to identify the major areas affected by average values and use a methtbet

would convert the average values intandividual values. This methodology is called a Monte Carlo
simulation technique, and, after the Chicago application, the technique alsovas used in the
Dallas-Fort Worth region and the Cleveland regiorRresently,a Monte Carlo simulation is used
widely in travel demand modeling practices.

A Monte Carlo simulation focuses on selecting a representative value for a measure with this value
being selected at random from a distribution of potential valuesTable B shows an example where
1,000 parking spacesare spread out over six parking garages in an argaith each garagehaving

the following characteristics.

Table 28: Monte Carlo example

Parking lot Spaces Daily cost ‘ Probability
A 150 $3.50 0.150
B 175 $3.75 0.175
C 275 $3.25 0.275
D 75 $1.25 0.075
E 150 $3.50 0.150
F 175 $3.25 0.175




In this case, the weighted average parking cost for the 1,000 spaces is $3.2But a few lucky

people (7.5 percent) could park for $1.25 and some unfortunate people (17.5 percent) have to pay
$3.75. The difference between the average cost and the low cost is $2.00 while the difference
between the average cost and the high cost is 50 cent3hese differences are substantial given that
the cost of using a mode isa major determinant ofwhich mode is selected. In a Monte Carlo
simulation, a specific parking lot would be selected using a random number dravirhe probability

of being selected is a function of a relative parametey in this case, the number of spaces.
Therefore, the inexpensive parking lot would be selected 7.5 percent of the time, while the most
expensive lot would be selected about 17.5 percent of the time.

Throughout the CMAP trigbased model, Monte Carlo simulation is used to determine several
components of the submodels. Table29 summarizes how Monte Carlo simulation is used.

Table 29: Monte Carlo simulation applications

Tripgeneration Selection of household workers who workirom-home

Work-from-home frequency for workers who telecommute less than five days a weédfor the
2019 base year)

Selection of survey household to use for trip enumeration

Mode choice- NIl ¢21011 Kkt W6Yet I6YOT WRUHAHYG 1]

destination choice | Distances to available approach modes for transit access

Distances to available departure modes for transit egress

Parking costs

Walk distance from parking lot to destination

Final selection of destination and mode

Time-of-day Selection of time period for trip

Population synthesis

CMAP uses an opersource platform for population synthesis called PopulationSim to generate a
synthetic population for the modeling region for 220y the UrbanSim base year. PopulationSim
generates household weights that satisfy marginal control distributions using entropy
maximization-based list balancing It then expands households using these weights to create a full
synthetic population. The file,HH_IN.TXT Table 30), providesthe marginal control distributions for
various attributes at the household and person level. The number of households specified at the
subzone level. Household size bin counts are specified at the regional level. The remaining
attributes are specified at the zone level. Data from th@018-2022 ACS 5yearPUMS is used for the
disaggregate population sample, or seed data. A geographic crosswalk is used to provide a
correspondence between subzones, zones, and PUMASs.

Once the synthetic distribution has been developed, an output file, calledPOPSYN_HHCSV, is
created to provide the relevant information needed by the trip generation model. The variables in
this file are listed inTable31. This file provides the household information the trip generation model
will use to create trips for each enumerated household.

Populations for model years 20190 2050 come from UrbanSimA script converts UrbanSim
household and person output tables to the tables required by the tripbased model. To guide the
evolution of the 20 population through 2050, household control tables are developed and
provided as inputs to UrbanSim for each year between 20 and 2050.To produce the household



counts at the disaggregate level required for th&ravel model, synthetic populations are createdfor
everyscenario yearneededto support Regional Transportation Plan analyses anid meet vehicle
emissions budgetsout to the year2050. Marginal control distributions for these futureyear
populations come from the CMAP demographic modelAll attributes are specified at the sub
regional level except foithe number of households, which is specified at the subzone levehs
required by the population synthesizerSince the household totals are only provided by the
demographic model at the subregional level, the baseyear distribution of subzone households is
preserved through 2050.

Table 30. HH_IN.TXT input file

Variable Description

SUBZONE The trip generation subzone, which must be in sequence in the file from low to high valu
SUBZONE . . .

HOUSEHOLDS Number of households in the trip generation subzone

ADULTS Total adults (sixteen and older) in the subzone

WORKERS Total adult workers in the subzone

CHILDREN Total children (fifteen and younger) in the subzone

INCOME CATEGORY 1

Census income data in 2019 dollars:
Households in category 1 (under $30,000)

INCOME CATEGORY 2

Households in category 2 ($30,000 $59,999)

INCOME CATEGORY 3

Households in category 3 ($60,000 $99,999)

INCOME CATEGORY 4

Households in category 4 ($100,000 and over)

AGE OF
HOUSEHOLDER
CATEGORY 1

Households in subzone where head of household is under 35

AGE OF
HOUSEHOLDER
CATEGORY 2

Households in subzone where head of household is 364

AGE OF
HOUSEHOLDER
CATEGORY 3

Households in subzone where head of household is 65 and older

HOUSEHOLD SIZE 1

Number of 1-person households

HOUSEHOLD SIZE 2

Number of 2-person households

HOUSEHOLD SIZE 3

Number of 3-person households

HOUSEHOLD SIZE 4

Number of 4-person households

HOUSEHOLD SIZE 5

Number of 5person households

HOUSEHOLD SIZE 6

Number of 6-person households

HOUSEHOLD SIZE 7

Number of 7-or-more-person households

PRIVATE AUTO
COMMUTE MODE
SHARE

The ratio between the workers in the subzone who commute by household vehicle (auto
truck, van, sport utility vehicle, motorcycle) either as a single occupant or in a carpool
divided by the workers in thesubzone developedfrom the 20172021 CTPP

SIDEWALK DENSITY

~ROUH WY nWt RT Ws¢dt WG W hue ¢ | WG RO I3 dineasvré of
pedestrian friendliness




Table 31. POPSYN_HH.CSV output file

Variable Description

SUBZONE The trip generation subzone
HHTYPE Household type code for the synthetic household one of 624 values based on the
combination of adults-workers-children-age of householder and income index(see Trip
Generation Section).
VEHICLES Number of vehicles available in the synthetic household (PUMS data)
SERIALNO Unique identifier assigned to the household in the ACS data
STPUMAS Concatenation of the State FIPS code and the 5% PUMA number
ROWCOL Variable identifying the location of the synthetic household in the region:
1 = Inner Chicago
2 = Quter Chicago and Inner Suburbs
3 = Mid Suburban
4 = Fringe and External Areas
ADULTS Number of adults in the synthetic household
WORKERS Number of workers in the synthetic household
CHILDREN Number of children in the synthetic household

INCOME CATEGORY

Income category for synthetic household (2019 dollars):
1 = under $30,000

2 =$30,000 $59,999

3 =$60,000- $99,999

4 = $100,000 and over

AGE CATEGORY

Age of head of householder for synthetic household:
1 = householder age 1834
2 = householder age 3%4
3 = householder age 65+

HHVTYPE Household vehicle type code for the synthetic household one of 624 values based on
the combination of adults-workers-children-age of householder and vehicles available
(see Trip GeneratiorSection).

INCOME Household income of the synthetic household (in 2019 dollars)

Trip generation

Trip generation is the firsitnodel step used by CMAP to forecast travel behavior. It low land use
planning and zoning quantities, such as households and employment, are converted into trip
origins and destinations that serve as transportation demand measures. The trip generation
process links the region's current and forecasted socioeconomic characteristicy the variables

that drive travel demandy with the remaining sequential steps used to estimate choices of a trip

destination, its mode, and route.

Trip generation is based upon an enumeration of all households in the study area. Each trip
generation subzone is populated withsynthetic households whose information ondaily tripsis

T1 é¢sU0WnNI

YO w9 ~
sample in the surveyis small relative to total regional households, a survey household may appear

Ak t L~datdlbasedoi dpadified crigeria iSiHteahke Boliskehibld

multiple times in the same subzone. Trips reported by these households are uséal the travel
model, instead of the typical trip gerration methodology,which is based upon trip generation

rates. This approach eliminates the intermediate step of estimating trips generated per person or

household.




As the trip generation model software executes, ivrites files of households tabulated by
composition, income, and vehicle ownership. These files have value beyond their role in trip
generation. For example, these household files might prove useful in studies dealing with issues of
social and economic justice related to alternative transportation investments.

Telework

9 ~ Ak tbHsed nfed@l explicitly accounts for workers who telework (or work from home)n
2021, it became apparent that the widespread occurrence of workers teleworking may not be a
fleeting phenomenon and should be addressed in the model. Data from the 2018 My Daily Travel
and 2007-08 Travel Trackesurveys showedthe share of workers whaelework at least part time
had been increasing over the past decadeA telework allocation method is implemented prior to
trip generation to identify households ashaving no workers teleworking or at least one worker
teleworking. Household trip enumeration then applies trips from the appropriate work from home
(WFH) or nonWFH household category.

Due to the large difference in telework rates observed in 2019 (the model base year) compared to
current post-pandemic rates, separate telework allocation methods are used to model the base
year and future yearsFor the base year, two targets are set for telework behavidhe overall share
of workers who usuallytelework (usualwfh) and the overall share of workers whtelework between
one and four days per week (tc14). These targets are implemented through a process that uses
person and household attributes from the synthetic population to flagspecific workers as
teleworking five or more days a weekieleworking one to four days a week, or nateleworking. For
the 2019 base year, usualwfh iset to 0.0510and tc14 is set t00.1031.

Attributes used in determining workfrom-home status are means of transportation to work,
household income, worker industry, and worker education level. Inputs into the process define
relationships between variables (se€Table32). Data for thesefiles came from analysis of work
from-home workers in travel survey data and 2022019 PUMS data.

Table 32. Telework allocation inputs

incdist 23N RUNE W Rt ql RA2 qRYUY WY nlWs YI t 131+ We#HI Vi
industries

indusmix Defines distribution of workers across industries for each workrom-home group
(usualwfh and tc14)

indp_naics Crosswalk file to attach NAICS codes to workers in the UrbanSim output files

lowlist List of NAICS2 industries where <60% of workom-home workers are in the highest
RUARYGUOWNI YeGOWIYI | 3t GYUI t WaqYWadé JWhdYskK

highlist List of NAICS2 industries where >=60% of woikom-home workers are in the highest
RUAYOGUOWNI YeGOW9 YI | 3t GYUIT t+ WaqVYWaq6JWhGERNG

eduw List of education weights for the usualwfh group in order of ascending education level

eduwtc List of education weights for the tc14 group in order of ascending education level

tcportions Distribution of work-from-home days within tc14 group in ascending day ordefl day
per week at home, 2 days, etc.)

The main steps in the telework allocation process are:

The person files output by UrbanSim are read and all workers are identifiethe industry
NAICS crosswalk file is used to attach a twaligit NAICS code to each worker.



9 Numeric targets are established for each industry/income group within the two telework
categories (usualwfh and tc14).

Workers are sampled from both telework categories until the target values are reached.

9 For tc14 workers:
0 Assign each worker the number of days they telework (1, 2, 3 or 4).
o Determine if each tc14 worker is teleworking on the simulated model day.

Thefinal output file, HH_WFH_STATUS.CS¥own in Table33, assigns a workfrom-home status to
each household. Since the relevant information for the travel model is whether workers worked
from home on the modeled day, workers whaevork-from-home one to four days aveek are
assigned workfrom-home probabilities based on thetcportions input, and then a random number
Is used to determine final assignments.

Table 33. HH_WFH_STATUS.CSV output file

Variable Description
SERIALNO Unique identifier assigned to the household in the ACS data.
FLAG Work-from-home status for the household.

NWI Weaquwalet quwyOUWs Y1t Wl WsRaélWhet eclsndék LW
SW Wequwilet quyYUWWs YIt 101 Ws Raé WhaqANAK W qc¢ g
cUl WuUYWs Yl t 3t WsRagélWWhet eclsnék Wt q¢cget WRU

WFHWORKERS Number of people working from home in the household on the modeled day
TC14NW Flag to indicate if there are tc14 workers in the household that are not working on the
modeled day

0 = no people in this category
1 = at least one tc14 worker present who is not working

The telework allocation process for postpandemic analysis years uses a modified methodology.
Observed data show that Monday and Friday currently have higher rates of teleworking, while
Tuesday through Thursday see more workers commuting to the officEhe future year allocation
method uses rates that reflect TuesdayWednesdayThursday telework.

TheCurrent Population Survey(CPS)publishes monthly data on national telework rates. Data from
January 2025 through August 2025 were analyzed to determine mean monthly telework rates by
NAICS code. The NAICS codes were then grouped into low, medium and high telework categories
(shown inTable34) based on the following thresholds:

I LowTunder 20% telework rate
I Medium T between 20% and 30% telework rate

9 HighT more than 30% telework rate


https://www.bls.gov/cps/telework.htm

Table 34. Telework categories

Telework NAICS Description

category code

11 Agriculture, Forestry, Fishing and Hunting
21 Mining
23 Construction
31-33 Manufacturing
44-45 Retail Trade
Low 48-49 Transportation and Warehousing
55 Management of Companies and Enterprises
56 Administrative and Support and WasteManagement and RemediationServices
61 Educational Services
62 Health Care and Social Assistance
72 Accommodation and Food Services
81 Other Services (except Public Administration)
22 Utilities
Medium 42 Wholesale Trade
71 Arts, Entertainment and Recreation
92 Public Administration
51 Information
High 52 Finance and Insurance _
53 Real Estate Rental and Leasing
54 Professional, Scientific and Technical Services

My Daily TravePhase Onedata (2024-25) were analyzed in a similar fashion to determine average
TuesdayWednesday-Thursday telework rates by NAICS code. The survey data required some
additional processing as there are people who commute to work for part of the day and telework
during the same day. Based on how the household trip enumeration process is applied, for travel
model purposes anyone who commutes to work is deemed to be not teleworking (even if they do
both) so that the appropriate travel behavior can be applied within gnmodel.

While the My Daily Travel data showed a pattern similar to the CPS data, ultimately the CPS data
were used due to the household travel survey data having small sample sizes for certain NAICS
categories. The rates used foworkers in the telework categories are:

I LowT0.143
9 MediumT0.232

{ HighT0.552

t Ws Ra6 W6 IJWAHET W Wel WaqldWs Yl tWeaddYHECcqRYUAWS Yet
are used to influence the sample of workers selected for telework. Data from the My Daily Travel
Phase Onesurvey were used to develop theshares inTable35, as the CPS data do not provide the
detailed data to support this analysis. Household income is simplified into two categories: under
$100,000 and $100,000 and up, and education level reflects workers who have not earned a
He ®#6 10 Y &kt WT 1301 6ERUELDNT cLlaUBIN + LIE Ldp LGGYIE. Thevbk-Ertbnéhbindeld 6 Y | K
status of each household is written toHH_WFH_STATUS.CSV



Table 35. Future allocation teleworker shares

Education level
qdet qWHE A6 1T

Household income
$100,000 or Less than

$100,000 more He #6130
degree
Low 0.353 0.647 0.305 0.695
Medium 0.418 0.582 0.268 0.732
High 0.231 0.769 0.202 0.798
Overall 0.295 0.705 0.251 0.749

Trip generation processing steps

The main processing steps in thérip generationmodel are briefly summarized below.

Model control keywords

Severalimportant parameters (displayed in Table36) are supplied to thetrip generation model
code through the filetrip_generation_model.yaml. Thesekeywordsare read from the fileand
control the operation of the program

Table 36. Trip generation input file parameters

Model run
values

Variable Description

MODEL VERSION Atext description identifying the modelversion beingrun

SUBZONES Number of trip generation subzones in the study area 17418
PUMAS5 Number of Census 2010 five percent sample PUMASs in the modeled 74
study area
Zones used in the remaining CMAP models for trip distribution
ZONES (linking of trip ends into trips between zones), mode choice 3632
(allocation of trips to travel modes), and assignment (allocation of
trips to highway and transit routes)
COUNTIES Number of counties in the study area 21
MEDIAN HOUSEHOLD . . .
INCOME The regional median household income 72800

SIDEWAKMAXMUM Maximum value used by the vehicle availability submodel for
DENSITY subzone sidewalk density (miles of sidewalk per square milg)this 40.0
value replaces the Pedestrian Environment Factor

Maximum number of times a specific survey household can be

REPLICATMAXMUM matched to a synthetic household before resampling occurs 1900
Maximum number of times resampling will occur if a survey

RESAMPLEAAXMUM household has reachedthe replicate maximum 100

MILITARY WORKERS PE Number of workers per group quarters resident of military barracks |1.00

PERSON

UNIVERSITY WORKERS | Number of workers per group quarters resident of college or 0.385

PER PERSON university dormitories )

OTHER 1654 WORKERS .

PER PERSON Number of workers per other group quarters resident ages 164 0.306

OTHER 65+ WORKERS | Number of workers per other group quarters resident ages 65 and 012

PER PERSON older




MILITARY WORK TRIP . o
RATE Work trips per military worker 2.00
gx.IP/EERSITY WORK TRIR Work trips perdormitory residentworker 0.77
g{?gR 1664 WORK TRIR Work trips per other group quarters resident worker ages 164 0.612
g;.'l__'ER 65+ WORK TRIP Work trips per other group quarters resident worker ages 65 and old¢ 0.24
The program uses random numbers in the process that selects
RANDOM SEED households to populate subzones. This keyword allows the user to 211
repeat the same sequence of random numbers when set to a positiv
value.
Study area geography

The trip generation model uses the geographioput file GEOG_IN.TXTo define various
geographies.The felds in the file are listed inTable37. GEOG_IN.TXT input filable37.

Table 37. GEOG_IN.TXT input file

Variable Description

SUBZONE The trip generation subzone

A five digit code identifying the county where the subzone is located. The first two digit
are the state Federal Information Processing Standards (FIPS) code for the state and

COUNTY the remaining three digits are the county FIPS code. (Example: DuPage County is
17043).

COUNTY NAME Ten character county name enclosed in double quotes

STATE Two character state code enclosed in double quotes

FIVE PERCENT PUMA | Five digit numeric code for five percent PUMAs (2010 Census)

ZONE Modeling zone

CHICAGO Variable is set to 1 when trip generation subzone is inside Chicago; 0 elsewhere
Variable is set to 1 when trip generation subzone is inside the Chicago CBD; 0

CBD elsewhere. The first fortyseven trip generation subzones presently make up the

Chicago CBD.

Variable identifies the portion of the region that previously provided the tables of cross
classified households for the procedure to disaggregate households within smaller trip
generation subzones

ROW-COLUMN 1 = Inner Chicago

2 = Outer Chicago and Inner Suburbs

3 = Mid Suburban

4 = Fringe and External Areas

AREA Area of the trip generation subzone in square miles

Variable is set to 1 when trip generation subzone is inside the CMAP planning area; 0

CMAP elsewhere

Household type table

Within the trip generation model households are classified by one of 624 different categories
(HHTYPE) defined by the composition of the household. Households initially are cross classified by:

9 Adults Tfour categories[1, 2, 3, 4 or more adults]



Workers T four categories|[0, 1, 2, 3 or more workers]

Children 15 years and younger T four categories[0, 1, 2, 3 or more children]

= =2 =

Income categories T four categories

9 Age of householder Tthree categories[16-34, 3564, or 65 and older categories].

Workers include all employed persons (classes of worker 1 through 8 in the 282022 PUMS
person file), a small number of family business, or farm unpaid workers. Six hundred and twenty
four different types of households are possible with this scheme. This is less than all possible
combinations of the household stratifying variables becase of the constraint that households
must have a number of adults that is equal to or greater than the number of workers. Thus, there
are only 13 possible combinations of dults and workers (rather than 16) ashown in Table38.

Table 38. Adult-worker household types

AQ O 21010
1 2 3 4 or more
Workers in 0 1 2 3 4
household L 5 6 ! 8
2 9 10 11
3 or more 12 13

The 13 adultworker categories provide a key to the numbering of all 624 categories. The adult
worker categories are nested within the other stratifying variables of age of householder, income
quartile and number of children Table 39 shows the complete list of household-type definitions.

Table 39. Household -type definitions

Householder /134 35/1Householder /164 Householder K 65
tl:/c;lésehold Children Lr:aiggq:ry g%lésehOIdChildren I;;gg‘;y g%gsehOIdChildren Income category
1-13 0 1 209-221 0 1 417-429 0 1
14-26 1 1 222-234 1 1 4130-442 1 1
27-39 2 1 235-247 2 1 443-455 2 1
40-52 3+ 1 248-260 3+ 1 4156-468 3+ 1
53-65 0 2 261-273 0 2 4169-481 0 2
66-78 1 2 274-286 1 2 482-494 1 2
79-91 2 2 287-299 2 2 195-507 2 2
92-104 3+ 2 300-312 3+ 2 508-520 3+ 2
105-117 0 3 313-325 0 3 521-533 0 3
118-130 1 3 326-338 1 3 534-546 1 3
131-143 2 3 339-351 2 3 547-559 2 3
144-156 3+ 3 352-364 3+ 3 560-572 3+ 3
157-179 0 4 365-377 0 4 573-585 0 4
170-182 1 4 378-390 1 4 586-598 1 4
183-195 2 4 391-403 2 4 599-644 2 4
196-208 3+ 4 404-416 3+ 4 612-624 3+ 4

The filetg_hhtype_lookup.csv(shown inTable40) is used to define the 624 household types.
Household income categories were derived from the household income options available in the My
Daily travel survey A similarfile (tg_hhvtype_lookup.csv) is used to define th624 household types
that rely onhousehold vehicles available rather thanhousehold income category. This file has the
same format shown in Table 40.



Table 40. tg_hhtype_lookup.csv input file

Variable Description

?%L,JESEHOLD Code indicating crossclassification of household (as per numbering in Table 3.
ADULTS IN .

HOUSEHOLD Coded 1, 2, 3, or 4 with code 4 equal to 4 or more.

WORKERS IN .

HOUSEHOLD Coded 0, 1, 2, or 3 with code 3 equal to 3 or more.

CHILDREN IN .

HOUSEHOLD Coded 0, 1, 2, or 3 with code 3 equal to 3 or more.

Coded 1, 2, 3, or 4 from low to high income categories (in 2019 dollars).
HOUSEHOLD 1 = under $30,000

INCOME 2 = $30,000- $59,999

QUARTILE 3 =$60,000- $99,999

4 =$100,000 and over

Age of head of householder index:

AGE OF _
HOUSEHOLDER 1 - householder age 1634
CODE 2 = householder age 3%4

3 = householder age 65+

Load synthetic households

The synthetic households from UrbanSim are read into the program, populating each subzone with
a list of uniquehouseholds identified by household type. These are stored IROPSYN_HH.CSV

Household vehicle availability

The householdvehicle ownershipsub-model is applied to estimate the vehicle ownership levels for
each household. Thiseffectively adds an additional dimension (vehicles available in the
household) to the cross-classification of households. Household types are redefined with vehicle
availability, replacing income quartile.

The household vehicle availability submodel is a discrete choice logit model similar to models that
predict mode choice behavior. There are three or four possible vehicle level choices for each
household, depending on the number of adults (workers plus nowvorking adults) in the household.
Single-adult households may have zero, one, or two or more vehicles. Larger households have the
alternatives of zero, one, two, or three or more vehicles.

Each vehicle availability level has an associated utility. In these logit models, utilities are weighted
linear combinations of household and subzone variables that have been entered or developed in
earlier steps. Model estimation consists of determining wich variables best explain observed
vehicle availability levels and the relative importance of these variables in the utility expressions.
The utilities also may include bias constants that indicate preferences toward certain vehicle
availability levels that are not otherwise accounted for by the utility expressions.

The vehicle availability submodels have the following general form:

Ui

Prob{Vehicle Availability Levei} =

el



Where y is the utility of household vehicle availability level, whichis computed by the linear
equation:

u; = a ainj + bi'
j
For these utility equations:

The model coefficientajis the weight attached to thej'th independent household variable
for household vehicle availability level.

Hjisthejk q 6 WWRUT WGWUT W0qWé Yet W6YGT W2¢l ReHGNWWeIUe G H
income quartile, etc).

The constantb; is the bias toward vehicle availability level, and it must equal zero for at
least one alternative.

Model coefficients for the sub-models were estimatedwith data from the CMAPTravel Tracker
survey. After completing estimation, several incremental changes to thesub-models were
introduced. This includes some modekoefficients that were similar for different levels of vehicle
availability and the utility equations were modified to replace these multiple coefficients with a
single coefficient across utility equations.Also, a few marginally significant model coefficients
became insignificant and were dropped. Lastly, a completeet of bias coefficientsfor location and
age of householder wereestimated.

Model calibration was completed by adjusting bias coefficientsso that estimated and observed
levels of household vehicle ownership matched within the study areaAdditional bias constants
also were included to account for the new age of householder household variabl&@he modified
vehicle availability sub-models finally were coded into the CMAP trip generation model codelhe
original pedestrian environment factor (PER)as beenreplaced with the sidewalk density index
(SDI), which was capped at the samenaximum value as the PEFThe PEF was walkability metric
estimated from street network data provided by NAVTEQI 6 IJWE ? f WRt WT 31 R2 JT Wnl Y
Regional Sidewalk Inventory and measures the miles of sidewalk per square mildowever, only 86
percent of the modeling subzones, located exclusively in theeven-county area, have data from
this inventory. For those subzones, SDI is equal to of subzone areBor the remaining subzones,
the SDI value is estimated based on a linear regression model using tharmer walkability metric.

The vehicle availability submodel was not reestimated, because itprovides a good match to
observed data.The following table (Table41) lists the coefficients in the logit equation utilities that
comprise the household vehicle availability submodel. Separate models were estimated and
calibrated for three different sized households defined by the total adults (workers plus nonworking
adults) in the household. Each line in the table lists the model coefficients for estimating the utility
attached to that level of vehicle availability for one of the three household type models.

Table 41. Vehicle availability sub -model coefficients

One adult household Twoadult household Three ormore adult household vehicle
vehicle availability vehicle availability availability

Variable | o 1 K2 | © 1 2 K3 | 0 1 2 K3




Sidewalk density

index 0.0616 0.0319 0.1280/0.0631 |0.0336 0.17030.0659 |0.0659
(Maximum=40)

\Workers?

K1 (0/1) 0.4731 [0.4731 0.6940 0.6940 1.114 1.114 1.114
K2 (0/1) 0.5198 0.5198 0.7934 0.7934
K 3 (0/1) 1.389
Income quartile?

K2 (0/1) 1.182 [1.766 1.702 [2.466 [2.466 0.9492 1.487 [1.487
K 3 (0/1) 0.9910 (1.690 0.8650 0.8650 0.8723 [1.571
=4 (0/1) 0.467 0.4517 0.8827 1.390 [1.834
Commute auto

g 4.677 |4.677 5.284 5.284 4,959 |4.959
Nonworkingadults 0.1491
Children?

K1 (0/1) 0.2218

Household location

bias

1. Inner Chicago -2.600 [-5.077 2.018 |-2.827 -4.393 2.806 |-1.836 -1.631
2. Rest of Chicago

andinnersuburb% -2.676 -4.823 2.259 2.637 -3.944 2,552 +2.139 |-1.789
3. Mid-suburbs -2.869 -4.914 2.151 2.728 -4.126 1.547 |-2.783 -2.668
]f‘r'in';aerS“b“rbsa”d 13.082 |-4.984 1925 13144 14.302 2272 12430 -2.278
IAge ofhouseholder

bias

16-34 0.392 0.394 0.392 10.394 10.403 0.392 10.394 1[0.403
35-64 0.401 |0.465 0.401 (0.465 [0.574 0.401 |0.465 [0.574
I 65 0.249 1|0.218 0.249 1|0.218 [0.007 0.249 1|0.218 |0.007

The vehicle availability submodel is appliedto each of the enumerated households. The

household type variable is then revised to include household vehicle availability (HHVTYPE). It has
the same structure as the original household type variable listed ifiable39, except that four levels
of vehicle availability (0, 1, 2 or 3 or more vehicles) replace the income quartile value. At the
conclusion of the vehicle availability model, the file, SIMULATED HHVEH.TX$ written to store the
category of simulated vehicles available for each household, so that it can be used in the trip
enumeration process. The contents of this file are displayed iffable42 below.

Table 42. SIMULATED_HHVEH.TXT

Variable Description

PUMS SERIAL NUMBER | PUMS household serial number for the enumerated household

VEHICLE AVAILBILITY Simulated vehicle availability category for the enumerated household: 0=0 vehicles, 1=]
CATEGORY vehicle, 2=2 vehicles, 3=3+ vehicles

RECORD NUMBER The record number of the household in POPSYN_HH.CSV

Once the number of household vehicles has been simulated, the next step is separating weftom-
home households from households that have no workers working from home. The file,
HH_WFH_STATUS.CSV, which was created by the wéndm-home allocation model, is used to
determine which group each household belongs to.

Household trip productions and attractions



The subzones have been populated with the households from the population synthesis. The next
step is to pair each one with a comparable household from the My Daily Travel survey, so that
actual trips can be assigned to specific households. Household trip gneration can then be
accomplished without the intermediate step of computing trip generation rates Table43 below
defines the 49 trip purposes recognized in the trip generation model.

Table 43. CMAP trip purposes

\Worker Workplace-low income households (a) 1
Workplace-high income households (a) 2
Work-related (a) 3
School (a) 4
Home (P) Non-home or work at residences [visit] (a) 5
Non-home or work not at residences (a) 6
Shop () 7
Non-home or work at residences [visit] (a) 8
Work (P) Non-home or work not at residences (a) 9
Shop (a) 10
Work (O) Work (d) 11
. Non-home or work at residences |[visit] (d) 12
I[:I/(insr?t-]h(oon;e orwork at residences Non-home or work not at residences (d) 13
Shop (d) 14
Non-home or work at residences [visit] (d) 15
L\'e(;?ézﬂgi (()(r)\;vork HESCE Non-home or work not at residences (d) 16
Shop (d) 17
Non-home or work at residences [visit] (d) 18
Shop (O) Non-home or work not at residences (d) 19
Shop (d) 20
Nonworking adult School (a) 21
Non-home at residences (a) 22
Home (P) Non-home not at residences (a) 23
Shop (a) 24
) o Non-home at residences (d) 25
(Ncg))n—home atresidences visit] Non-home not at residences (d) 26
Shop (d) 27
Non-home at residences (d) 28
Non-home not at residence (O) Non-home not at residences (d) 29
Shop (d) 30
Non-home at residences (d) 31
Shop (O) Non-home not at residences (d) 32
Shop (d) 33
Child 12-15 School (a) 34
Non-home at residences (a) 35
Home (P) Non-home not at residences (a) 36
Shop () 37
Non-home at residences (a) 38
School (P) Non-home not at residences (a) 39
Shop (a) 40
Non-home atresidences (O) Non-home at residences (d) 41




Non-home not at residences (d) 42
Shop (d) 43
Non-home at residences (d) 44
Non-home not at residences (O) Non-home not at residences (d) 45
Shop (D) 46
Non-home at Residences (D) 47
Shop (O) Non-home Not at Residences (D) 48
Shop (D) 49

A file of travel survey households is reattom HI_HHENUM _IN.TX{Bhown inTable44). This file has
a serial number identifying the household, the household type, characteristics of the household,
and trips made by the household during the weekday surveyed. Trips in this input file were
tabulated in the same manner as earlier versions of #program. Trip files that were the basis for
trip generation rates simply were resumed by household. Trip purpose definitions are unchanged
and rules for the linking of trips are the same as in previous versions.

The end result is 48 different trip purposes, including 19 for workers, 13 for nonworking adults, and
16 for children between the ages of 12 and 15, as listed in the preceding table. Note that in the
input file HI_HHENUM _IN.TX®9 trip purposes are allowed for the splitting of home productions
work attractions into home-work trips made by low and high income households by the trip
generation model. The first trip purpose in the file includes all home productions to work
attractions, while the second trip purpose serves as an empty placeholder.

Each nonwork-from-home synthetic household is matched to a survey noiwork-from-home
household using the following process, which encompasses four mutually exclusive methods.
These include:

If there are seven or more survey households with the same vehielmsed household type
(HHVTYPE) within the resident PUMA, one of these households is selected randomly as the
match (match category 1).

If there are less than seven survey households in the PUMA with the correct HHVTYPE, they
are combined with households of the same type in the ring of adjacent PUMASs around the
central PUMA. If this results in at least seven households of the specific typene of these
households in this larger group is selected randomly as the match (match category 2).

If there are less than seven survey households of the same type in the adjacent geography,
but seven or more in the full study area, one of these households is selected randomly as
the match (match category 3).

If there are less than seven survey households of the same type in the full study area, a final
match category (match category 4) ensures all remaining households find a match in the
survey households, regardless of how small the likelihood is that the h@ehold occurs.
Households initially are categorized into 13 groups, which correspond to the combinations
of adults and workers in the households. These groups then are subdivided based on the
number of children in the household (0, 1, or 2+). Large groughose with at least 500
households) are further subdivided based on the number of household vehicles (0, 1, or
2+). At this stage, groups with fewer than 20 households are recombined based on the
adult-worker-children combinations. The end result is 43 household categories that all



have a minimum of 20 households to select from.

A similar process is used to match synthetic workrom-home households to workfrom-home
survey households. A notable differencas that work-from-home households are matched based
on the resident PUMA and the household type based on income (HHTYPE) not the number of
vehicles. Workfrom-home matches use HHTYPE becausa strong income component was
discovered in analyzing these households for the workrom-home allocation model. These
households use the same match priority as the noswork-from-home households. For the final
match category, households are divided into groups based on the adultvorker combinations, the
presence or absence of children, and the household income category.@ups with fewer than 20
households are aggregated based on the adulivorker-children combinations to achieve that
minimum number of members. The result is 24 household categories to select survey households
from.

Table 44. HI_HHENUM_IN.TXT input file

A sevendigit code with the first two digits equal to the FIPS state code and the last five digits

PUMA equal to the PUMA

HHVTYPE The revised household type code based on vehicle availability in the survey household
SERIAL NUMBER| The eightdigit household code from the My Daily Travel

ADULT Number of adults in survey household

WORKER Number of workers in survey household

NONWORKER Number of nonworkers in survey household

CHILD Number of children aged 015 in survey household

CHILD 1215 Number of children aged 1215 in survey household

VEHICLES Number of vehicles available in survey household

TRIPS1 cYet DEYGT k1t WG Yiniord dtt@ctionitripst o R Y U

TRIPS2 Empty placeholder

TRIPS3 cYet D6YOUT k1t W6 Yok itlafied ttraztidmtipy U
Additional columns for TRIPS4 through TRIPS48

TRIPS49 cVYet 136 Y ishop ttips I6y ¢n@d 1215.

The processing of the survey households into match categories is handled outside of the trip
generation model. The results are read into the model via files. Wofkom-home households use

the information in HHID_choicesl.csvand HHID choices2.csv. The first file,whose fields are

shown in Table45, provides the following information: the resident PUMA, the household type code
(HHVTYPE), the match category used (for tracking purposes), and the positions of the first and last
potential households that can be matched against in the array in the seconfile. The second file
(HHID_choices2.csV) is an array of household serial numbers that correspond to the set of
households available within each match category. For this final match category, it lists the
households available within each subgroup discussed above. Households within each selection
category do not have an equal probability of being chosen. Household expansion weights from the
My Daily Travel survey are used to develop a cumulative probability distribution within each
selection category to better reflect observed household data and mimize the likelihood that



extremely rare households replicatemany times during the enumeration process. The file also
contains the probability of each household being selected from its match category.

Comparable files are used to enumerate trips for the WFH household$iHID_wfh1.csvand
HHID_wfh2.csV). These contain the same fields as their counterparts; however, the household type
identifier in the work-from-home version is HHTYPE. Two valuestiip_generation_model.yaml

help prevent individual survey households from being replicated an excessive number of times
during the enumeration process. A maximum replicate value is provided. This is not a hard ceiling
on thevalue but once a survey household habeen selected this many times, it will trigger
resampling of the synthetic household, up to the maximum number of iterations identified.

Table 45. HHID_choicesl.csv input file

Variable Description

A sevendigit code with the first two digits equal to the FIPS state code and the last five digits

PUMA equal to the PUMA

HOUSEHOLD Household vehicle type code (HHVTYPE)

TYPE
A numeric code identifying the household match methodology used to match the enumerated
household with a survey household:

MATCH 1 = household in PUMA

CATEGORY 2 = household in adjacent PUMA

3 = household in region
4 = final match category

Identifies the start location in HHID_choices2.csv of the first potential household to match
against based on PUMAHHVTYPE

Identifies the end location in HHID_choices2.csv of the final potential household to match
against based on PUMAHHVTYPE

CHOICES START

CHOICES END

Table 46. HHID_choices2.csv input file

Variable Description

SERIAL NUMBER The eightdigit household code from the My Daily Travel survey

The cumulative probability (based on My Daily Travel household weights) of the specific house
being selected within the PUMAHVTYPE category

PROBABILITY

After the household trip enumeration process has finished, two filesire created that summarize
the enumeration selections. The filehouseholds_selected_noWFH_enumeration_count.csvists
the travel survey identification number of eachpotential household that could have beenchosen
during enumerationfor households with no teleworkers andists the number of timeseach was
selected. A similar file fouseholds_selected WFH_enumeration_count.csyprovides the same
information for survey households usedo complete the enumeration for households with at least
one teleworker.

Optionally, enumerated synthetic households can bewritten to the output file
HI_HHENUM_TRIP_OUJSV(shown in Table47). Tripproductions and attractions are summed by
subzone, organized, and reported as in previous versions of the trip generation model.



Table 47. H_HHENUM_TRIP_OUTSVoutput file

Variable Description

ggggggmo Record number of household in POPSYN_HH.CSV
SUBZONE The trip generation subzone, which must be in sequence in the file from low to high values
SURVEY NUMBEJ Eight digit household serial number assigned to the household in the My Daily Travel survey
PUMA A seven digit code with the first two digits equal to the FIPS county code and the last five digits
equal to the PUMA
HHTYPE The original income quartile household type code
HHVTYPE The revised vehicle availability household type code
VEHICLES Modeled household vehicles available
Geographic identifier.
1 = Inner Chicago
ROW-COLUMN 2 = Outer Chicago andnner suburbs
3 = Midsuburban
4 = Fringe andexternal areas
EldngSRERIAL Thirteen digit household serial number from ACS data
Q:AQII(E:SORY Matching method used to enumerate household trips
VHVCC))SEKFROM Work from home flag for household
INCOME Household income (2019 dollars)
CHILDREN Number of children aged 0615 in household
TRIPS1 cYet 136 Y U -work tiis Wyidd income worker
TRIPS2 cVYet 136 Y 0 Fwork tiikds Bythigh income worker
TRIPS3 cYet DEYOT k1t W6 Yok idlaied ttraztidptipy U
Additional columns for TRIPS4 through TRIPS48
TRIPS49 cYeat 136 Y 0 lshop ttips iéy €hdd 1215

Optionally, a summary ofthe subzone-level trip productions by household type canbe written to
PRODS_HH_OUT.CSVhe productions can be further segmented by triggype and by households
with and without teleworkers. The format of this filgs listed in Table48.

Table 48. PRODS_HH_OUT.CSV contents

Variable Description

SUBZONE Trip generation subzone
WORKFROM
HOME Work from home flag
Household category.
1 =0 children and 0 vehicles
CHIS'?ESES%IFD 2 =1 or more children and 0 vehicles
3 =0 children and 1 or more vehicles
4 =1 or more children and 1 or more vehicles
TRIP TYPE Type of trip production {-49)
TRIP . .
PRODUCTIONS Total trip productions




Group quarters trip generation

The CMAP survey did not specifically gather travel data from group quarters residences. The ACS
does collect some limited information on persons in group quarters, including institutionalized and
non-institutionalized persons. For trip generation, it is asumed institutionalized persons do not
travel independently, which means groupquarters trip generation applies only to individuals in
dormitories, military barracks, group homes, and the like. A second assumption is all children in
group quarters are inmstitutions and do not travel independently.

As noted, four types of group quarters residents remain to be considered, including:

i1 Persons in military barracks
i Persons in college/university dorms
i Persons aged 16 to 64 in other types of group quarters

i Persons aged 65 or more in other types of group quarters

A trip generation subzone input filecalled GQ_IN.TXTcontaining workers and nonworking adults
in non-institutionalized group quarters, is read by the programit contents are listed inTable49.

Table 49. GQ_IN.TXTnput file

Variable Description

SUBZONE The trip generation subzone
GQ MILITARY Persons in military barracks
GQ UNIVERSITY | Persons in college/university dormitories

GQ OTHER (16
64)

GQ OTHERY65) | Persons in other group quarters aged 65 and older

Persons in other group quarters aged 16 to 64

Group-quarters trip rates for nonwork trips were developed using data from the My Daily Travel
survey. These rates are read into the model via amput file (GQ_TRIPRATES.CpHWhe format of the
file is listed in Table50 below. Home-work trip rates were developed from the 2014.8 ACS PUMS
person file, which provided the number of workers per person in group quarters and the horneork
trip rate. Trip rates for groupquarters, non-work trips are the household survey rates for workers
and non-workers in single person, low income, zero vehicle households.

Table 50. Group quarters trip rates

Variable ‘ Description

Type of trip production (333) T [home-work trip rates are read from

TRIP TYPE trip_generation_model.yam|

TRIP PRODUCTION RATE My Daily Travel trip generation rate

Once group quarters trip productions arecalculated, an optional summary fileof the data
(PRODS_GQ_OUT.CSV) can be writtérhe contents of this file are listed infable51.



Table 51. PRODS_GQ_OUT.CSV file contents

SUBZONE The trip generation subzone

GQ TYPE Type of group quarters (militarycollege, other16-64 or other65)
GQ PERSONS Number of persons in noninstitutionalized group quarters

GQ WORKERS Number of workers in noninstitutionalized group quarters

GQ NONWORKERS Number of nonworkers in noninstitutionalized group quarters
TRIP TYPE Type of trip production (1, 333)

TRIP PRODUCTIONS Total trip productions

Allocation of non-home trip ends

At this point in the logic of the CMAP trip generation model, all trips generated by persons residing
inside the modeled study area (both in households and group quarters) are accounted for. Due to
the synthetic household information, the location of the lome end of each trip also is known. What
remains to be determined is where the norhome trip ends are located. These are allocated to trip
generation subzones in this step of the model.

To allocate an attractiveness share, a function of employment, households, or school enroliment

bl DGUUT RUNDWY U6 DWWl RGkt WGe | GYt Ub WRY WHecOH2TGeql
district is atypical in its mix of employment, subzones withi the central business district are

weighted differently from non-central-business-district subzones. After totaling the shares for all
subzones, trip ends then are proportionally allocated to subzones by these shares. Theut
ATTR_IN.TX(Bhown inTable52)is read into the model to supply the employment values necessary

for the allocation.

Table 52. ATTR_IN.TXT input file

Variable Description

SUBZONE The trip generation subzone

RETAIL . . . .
EMPLOYMENT Retail employment in the trip generation subzone
TOTAL . . .
EMPLOYMENT Total employment in the trip generation subzone

FRACTION OF | The fraction of workers working in the subzone with earnings above the regional median
HIGH EARNERS | worker earnings developed from the 20172021 CTPP

The two employmentquantities in ATTR_IN.TXare derived from the employment data provided by
UrbanSim. The fraction of higher income workers working in the subzone was estimated from the
2017-21 CTPP. Weights for allocating noihhome productions ortrip origins are listed inTable53
below. The tables display coefficients that have been normalized since the values are only used to
create relative weights for the allocations.



Table 53. Allocation weights for origin non -home trip ends

Employment category
Households Retail Non-Retail Total
Origin activity Destination activity CBD gg?) CBD 28’% CBD ggg CBD Non-CBD
Worker (non-WEH) rl\(la(‘)s?égﬁgeé%ork at 1.000 [3.048
Work (P) rNe%?égg(r?eeéX\;ork not at 1.000 (0.765
Shop (A) 1.000 [1.901
Work (O) 'Work (D) 1.000 |1.837
Non-home/work at 1.000 (1.401
residence (O)
Non-home/work not at IAll destinations (D) 1.000 (0.401 |0.050 (0.097
residence (O)
Shop (O) 1.000 [1.129
Worker (wfh) L\‘Ia(;?ég(r)]g:aeé\;v)ork at 1.000 [6.545
Work (P) L\Iez?égggeé%ork not at 1.000 |2.525
Shop (A) 1.000 }4.900
\Work (O) 'Work (D) 1.000 [2.059
Non-home/work at 1.000(1.010
residence (O)
Non-home/work not at IAll destinations (D) 1.000 (0.963 |0.038 [0.195
residence (O)
Shop (O) 1.000 [1.227
Nonworking adult
Non-home atresidence 1.000(1.281
(O)
Non-home not at IAll destinations (D) 1.000 (0.734 |0.046 [0.176
residence (O)
Shop (O) 1.000 (1.441
Child 12-15
School (P) All attractions (A) 1.000 (2.599
Non-home atresidence 1.000 [22.00
©)
Non-home not at IAll destinations (D) 1.000 0.137 |0.065
residence (O)
Shop (O) 1.000 |1.000

The formulas used to determine the attractiveness shares for neghome productions are stored in
coefficients_nonhome_productions.csv. The contents of the file are listed imable54. This input
file simplifies the process of updating the coefficients used to allocatenon-home trip productions.
A separate file ¢oefficients_attractions.csv) stores the weight formulas to allocate trip attractions
and has thesame format shown inTable54.



Table 54. coefficients_nonhome_productions.csv

input file

TRIP TYPE Type of trip production(8-20, 25-33, 3849)

WFH FLAG Telework flag: 0=no, 1=yes

CBD FLAG CBD flag: 0=no, 1=yes

WEIGHT The formula todevelop subzone allocation weights(e.g.,0.065 *subzoneotal employmen)
FORMULA

Similar to Table53, Table55 lists the weights used for allocating attractions ottrip destinations.

These weights were updated using My Daillravel survey data andECHOOL_INCSV, an input file

of combined high school and university enrollmentotals by subzone. SCHOOL _IN was developed
specifically to guide the allocation of homeschool trips for adults. It is comprised of data from the

National Center for Education Statistics and the lllinois State Board of Education. It includes both

public and private schools.

Table 55. Allocation weights for destination trip ends

Employment category
Households Retalil Non-Retail Total
Origin activity Destination activity gB CN:ng]D CBD ’(\l;gr[]) CBD ’C\I:g% CBD 2;% Enroliment
\Worker
(non-WFH)
\Workplace (A) 1.000 [0.755
\Work-related (A) 1.000 [3.103 [0.241 [0.634
School (A) 1.000
Home (P) Non-home/work at  |[1.00[1.132
residence (A) 0
Non-home/work 1.000 [0.623 [0.042 (0.180
not at residence (A)
Shop (A) 1.000 |1.430
Non-home/workat  |1.002.309
residence (A) 0
i@ () Non-home/work not 1.000 [0.383 [0.095 [0.106
at residence (A)
Shop (A) 1.000 [1.882
\Work (O) \Work (D) 1.000 (1.550
Non-home/workat  |1.00(1.414
. residence (D) 0
Allorigins (O)  I\on-home/work not 1.000 [0.401 [0.051 [0.099
at residence (D)
Shop (D) 1.000 |1.106
\Worker (WFH)
\Workplace (A) 1.000 [0.755
\Work-related (A) 1.000 [3.103 [0.241 [0.634
School (A) 1.000
Home (P) Non-home/workat  [1.00[0.567
residence (A) 0
Non-home/work not 1.000 |0.941 [0.024 |0.208
at residence (A)
Shop (A) 1.000 |0.938




Work (P)

Non-home/work at
residence (A)

Non-home/work not
at residence (A)

Shop (A)

1.00

0.738

1.000

1.000

0.641

0.556

0.027

0.158

\Work (O)

\Work (D)

1.000

2.722

All origins (O)

Non-home/work at
residence (D)

Non-home/work not
at residence (D)

Shop (D)

1.00

0.990

1.000

1.000

0.938

1.217

0.036

0.189

Nonworking
adult

Home (P)

School (A)

Non-home at
residence (A)

Non-home not at
residence (A)

Shop (A)

1.00

1.173

1.000

1.000

1.634

0.263

0.088

1.000

All Origins (O)

Non-home at
residence (D)

Non-home not at
residence (D)

Shop (D)

1.00

0.985

1.000

1.000

0.754

1.530

0.047

0.180

Child 12-15

Home (P)

School (A)

Non-home at
residence (A)

Non-home not at
residence (A)

Shop (A)

1.00

1.00

1.511

36.33

1.000

1.000

2.501

1.000

0.031

0.324

School (P)

Non-home at
residence (A)

Non-home not at
residence (A)

Shop (A)

1.00

16.44

1.000

1.000

1.000

0.922

0.058

All Origins (O)

Non-home at
residence (D)

Non-home not at
residence (D)

Shop (D)

1.00

16.44

1.000

1.000

1.000

0.922

0.058

Certain non-home trip ends (residences, shops, schools) are restricted in subzonedocated
entirely within airport boundaries. The fileairport_sz.csv identifieswhich subzones are within
airport boundaries and their opening year. This allowdlexibility for the trip generation model to
accommodate future airport expansion or the opening of new airportsifter workplace attractions
are allocated, they are factored into workplace attractions for workers with above and below

median earnings by the factors in theATTR_IN.TXifiput data set.




Optionally the file FIRST_PA_OUT.CSV can be creategtonmarize all preliminary household and
group quartersproductions and attractions by trip type.The contents of the file are listed inrable
56. Work trip productions and attractions willproceed through one finalprocessing step.

Table 56. FIRST_PA_OUT.CSV contents

SUBZONE The trip generation subzone

ZONE Modeling zone

WORKFROMHOME Work from home flag for household

TRIP TYPE Type of trip production (-49)

HOUSEHOLD Total trip productions of household residents

PRODUCTIONS

HOUSEHOLD Total trip attractions of household residents

ATTRACTIONS

GQ PRODUCTIONS Total trip productions of noninstitutionalized group quarters residents
GQ ATTRACTIONS Total trip attractions of noninstitutionalized group quarters residents

External trip ends

After accounting for all trips made by study area residents, the next step is to factor out trip ends for
trips with one trip end outside the modeled study area. In the model, only homeorkplace trips for
households are factored in this manner(e.g., trip types 1 and 2) This is largely due to data
limitations. The CMAP survey sample is far too small for any reliable estimation of these factors
and only the CTPP commuting data are available. Additionally, hom&orkplace trips are lengthier
than other trip purposes and more likely to have one trip end outside the area modeled. Trips by
persons residing in group quarters are not factored for external trip ends.

Summaryhome-workplace tables were first developed from CTPP TabB302103 using data from
the five-year 017-2021) ACSestimates. These tables contain the home to workplace commutes
by modefor all workers. Tract-to-tract journey-to-work flow totals were scaled to match countyto-
county journey-to-work flow totals to adjust for data suppression at the tract geography levelfter
removing workers who work at home, the tables have three components. These components
include workers who travel to work and who (1ljve and work inside (internalinternal) the modeled
study area; (2) workers who live outside (external) the studyea butwork inside (internal) the study
area; and workers who (3) live inside (internal) the studyrea butwork outside (external) the study
area. Total workers for each group by tract are aggregated to the 5 percent PUMAs geogramtigr
to calculating the external trip factors.

External trip factors to adjust the home productions and workplace attractions in a 5 percent PUMA
were developed inthe following manner. The home production factor is the fraction of all trips from
internal households (internakinternal plus internal-external) linked to external workplaces
(internal-external), and the workplace attraction factor is the fraction of altrips to internal
workplaces (internalkinternal plus externaktinternal) that are linked to external households
(externalinternal). Home productions in 5 percent PUMS are factored first followed by workplace
attractions. These external trip factors arestored in an input filenamed EXT_IN.TX{Bhown inTable
57).

Home Production Factor= [internal-external] / ([internakinternal] + [internal-external])



Workplace Attraction Factor= [externatinternal] / ([internal-internal] + [externatinternal])

Table 57. EXT_IN.TXT input file

Variable Description

FIVE PERCENT | Seven digit numeric code for five percent PUMAs (two digit county FIPS code pliwe fligit code
PUMA for five percent PUMA)

EXTERNAL
PRODUCTION Fraction of home productions in homeworkplace trips linked to external workplace attractions
FACTOR

EXTERNAL
ATTRACTION Fraction of workplace attractions in homeworkplace trips linked to external home productions
FACTOR

The factors in EXT_IN.CSV are applied to the household productions and attractions based on the
PUMA value. External homavork attractions are then balanced to external productions and
adjustments are distributed proportionally within PUMAS. An optional ke
(EXTERNAL_PA_OUT.CSV) of the adjusted external hamoek productions and attractions can be
written, and its contents are listedTable 58. The final step is subtracting the externaproductions

and attractions from the subzonelevel home-work trip productions and attractions.

Table 58. EXTERNAL_PA_OUT.CSV contents

SUBZONE The trip generation subzone

ZONE Modeling zone

WORKFROMHOME Work from home flag for household

TRIP TYPE Type of trip production (-2)

EXTERNAL HOUSEHOL| Total external trip productions of household residents
PRODUCTIONS

EXTERNAL HOUSEHOL| Total external trip attractions of household residents
ATTRACTIONS

Create final vehicle trip output file

Lastly the trip generation model code creates twdixed-width output files (TRIP49_PA_OUTSV
and TRIP49 PA WFH_OWJSV) for use in themode choice-destination choice model. These files
contain the final productions and attractions for internal trips for all residents in the modeled study
area. Both files have the same structure, shown infable59.

Table 59. TRIP49_PA_OUTSVoutput file

Variable Description Width
SUBZONE Trip generation subzone 6
ZONE Modeling zone number 6
TRIP TYPE Trip type 2
HH Household trip productions/origins for trips within the 9
PRODUCTIONS | modeled study area
HH ATTRACTION mzu;%réggérg&ég?rté%ns/destmatlons for trips within 9

A finalfile created by thetrip generationmodel is TG_HHENUM_OUTPUTSV(shown inTable60),



which lists the subzone and zone of eeh enumerated household, as well as the HHVTYPE. This file
is subsequently used in the modechoice-destination choice model.

Table 60. TG_HHENUM_OUTPUTSV output file

Variable Description

SUBZONE Trip generation subzone

ZONE Modeling zone number

HOUSEHOLD . I
VEHICLE TYPE Household type code based on vehicle availability

Mode choice -destination choice model

Unlikepast2 11 + RY Ut WY ¥hadéd-modelthedlioréntRr@del does not execute trip
distribution and mode choice as two separate sequential models. Rather, an integrated mode
choice and destination choice modelis implemented as a hierarchical nested logit model.This
model was estimated using fultinformation, maximume-likelihood methods.

The49types of trips created duringtrip generation are aggregated into the following trip purposes,
which are modeled by the full modechoice-destination choice model.

i Home-based work trips for residents of lowincome households (HBWL). The regional
median household income value is used to determine whether households fall into the low
or highrincome categories.

Home-based work trips for residents of highincome households (HBWH).
Home-based shopping trips (HBS).

All other home-based trips not included in the first three categories (HBO).

A =2 A =2

All non-home-based trips (NHB).

Nine discrete modal alternatives are included in the model, listedn Table61. Thisrepresents a

major improvement from the binary autetransit mode choice alternatives included in prior

versions of the model.A private auto group nest includes singleand multiple-occupancy vehicles.
N6WWERI DT WeeqYWNI YeGWUWt qWRUHG2T It Waé ! JIIWE YT ¢ 0L
based model, including taxi andtransportation network company (TNC) options for passengers

using either the regular or the sharedide services.The final group of alternatives (which is not
implemented as a nest) includes the norauto modes of transit, walking and bikingPast versions

Yn w9 ~ AksedidmpdeRI@ not include normotorized modes of transportation (walking and

bicycling) beyond thetrip generation model.

Table 61. Modal alternatives

003 oup e DTIO
1 Private | Single occupant private vehicles
2 Auto High occupancy private vehiclesr 2 occupants
Nest - - -
3 High occupancy private vehiclesr 3 or more occupants




4 Hired Taxi

5 Auto Transportation Network Companyr regular ride hail
6 Nest Transportation Network Companyr shared ride hail
7 Transit

8 Walk

9 Bicycle

Figure11 shows the structure of the hierarchical nested logit model. The top of the hierarchy is the
attraction zone for each trip. This is the norfhome end for all homebased trips and the trip
destination for all other trip purposes. No sampling of alternativess implemented during model
application. So, for each trip, the total mode and destination alternatives is 32,688 (9 modes x 3632
zones).

Figure 11. Mode-destination choice model logit structure
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—
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I | 1 1 1 1
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‘ Transit

‘ Bike ‘ ‘ Walk ‘

Each modal alternative consideredhas its own cost components that factor into the utility

calculations. These cost components and utility calculations are discussed in the following

sections. Table62 lists the general cost attributes included in the calculations that apply across

modes. The procedures to calculate costs for private auto trips, and transit access and egress were
GY!l qUT WY2 11 Wnl Y& lWagé6 1JUHHse moddl2 11 + RYUWYn W9~ Akt Wal

Table 62. Mode-destination choice cost components

Value Description

50 Number of trips used to determine average impedance

3 Walk speed (MPH)

14 21 R21JI Kkt W2clde DWYnWqRGUWG! WaRUz qldl
2.0 Ratio of out of vehicle time (OVT) to imehicle time (IVT)

35 Auto fixed cost for driver (cents)

20 Auto fixed cost for passenger (cents)

2 Walk time from park and ride lot to platform (minutes)

Zonal approach speeds Area definition
7 (auto), 5 (bus) Chicago Central Area zone




15 (auto), 10 (bus)

Chicago zone outside of the Central Area

20 (auto), 12 (bus)

dense suburban CBD zone

30 (auto), 17 (bus)

remaining suburban zones

Private auto costs

Auto operating costs are calculated using the information in the M023 filduto times and
distances are pulled using zoneto-zone assigned times and distancesMatrices of morning peak
conditions are applied to homebased work trips, and matrices of midday conditions are applied to
all other trip types.

Parking costs are estimated using different methods depending on the trip purpose and
destination. As noted, homebased work trips to thecentral area use Monte Carlo simulation and
the central business district parking file data to estimate parking costs, including the possibility of
free parking.Parking costs for destination zones outside of Chicago tentral area are applied using
the rates Table63. Currently, these houty rates are the same for altrip purposes, but the flexibility
exists to alter the rates by trip purpose

Table 63. Private auto costs

Area definition

Hourly parking costs (cents)

80 Chicago Central Area zone
10 Chicago zone outside of the Central Area
20 dense suburban CBD zone
0 remaining suburban zones

Parking duration (hours)

10T home-based work trips
6 T all other home-based trips
3T non-home based trips including visitors

Hired auto costs

The same time and distance skims used for private autos are also used for the utility calculations
for hired autos. In addition, these modal options have additional costs reflected in fares and
surcharges, which are discussed below. These cost components are stored in the file
cmap_trip_config.yaml, which is used by the modehoice-destination choice model.

Taxi

A single set otaxi rates based onChicago medallion rates for incity trips is used to estimate rates
for these trips. Because fares for taxi trips outside of Chicago have similar rates and are far less
numerous, the same single set of rates isused. Table64 below lists the taxi rates and wait times

that are used in the cost estimation. The airport departure surcharge is applied to specific zones for
§kccl JWe Ul W~RTs¢! WERI GYI qt 1O

Table 64. Taxi costs

Cost (cents) Description

325 Initial base fare

225 Per-mile cost

41.667 Cost per minute, regulated at 25 cents per 36 seconds
400 Airport departure surcharge




Wait time (minutes) Area definition

1 (peak), 2 (offpeak) Chicago Central Area zone
5 (peak), 7 (offpeak) Chicago zone outside of the Central Area
10 dense suburban CBD zone
15 remaining suburban zones

Transportation network companies

The TNC cost structure is similar to that used for taxis, however separate costs are applied for
pooled versus regular service, which arsummarized in Table65. TNCsimplement a downtown
Chicago surcharge applied to specific zones. In addition, a special surcharge is applied to
96RHACNYKkt WERI GYIl qt WeUT WaceTY!I Weaqaql ¢AqRYUL OW

Table 65. Transportation network company costs

TNC Pooled

136 (peak), 163 (offpeak) | 68 (peak), 128 (offpeak) Initial base fare

109 106 (peak), 101 (offpeak) | Permile cost

28 (peak), 26 (offpeak) 0 Cost per minute

485 0 Minimum fare

257 257 Booking fee not included in minimum fare (in 2019 $1.85
to the company, 72¢ taxes)

500 500 Eel HGCI DUWnY!l W8kccl WWe Ul w
McCormick Place

0in 2019, 175 thereafter | 0in 2019, 175 thereafter | Downtown Chicago surcharge applied 6ant 10pm

Wait time (minutes)
1 (peak), 2 (offpeak)

‘ Area definition

Chicago Central Area zone

5 Chicago zone outside of the Central Area
5 dense suburban CBD zone
15 remaining suburban zones

Transit costs

Unlike the auto modes, the utility calculations for transit modes must include estimates of the

costs passengers incur when accessing and egressing the transit service. As noted, the FORTRAN
based transit access and egress calculation procedures used ingaq W2 1J1 + RY U+t WY n W9 ~
based model were transferred into Python. The underlying logic of the level of service calculations

Is unchanged, and it is based on a random distribution of transit access characteristics based on

the geography and service leval of each zone.

The concepts of first mode, priority mode, and last mode are used to identify available transit
access and egressoptions. These mode identifiers are based on the following hierarchy ¢fansit
service, listed from highest to lowest priority: Metra, CTA rail, and bus. First mode is identified by
skimming the transit network for zonal interchanges by using the transit access linkisted in Table
20 based on thepriority hierarchy. Similarly, the transit egress links are used to identify last mode
for zone pairs. The priority linehaul mode is determined based on the combinations of first and last
mode.



There are five potential transit approach (access) moded-Walk, 2-Bus, 3-Park and Ride 4-Kiss

and Ride and 5-Feeder Bus. Monte Carlo simulation is used to determine the access and egress
distance for each of the approach options given thatthe DISTR files contain different distances by
zone for Metra, CTA rall, bus, feeder bus, and Park and Ride. Fewer options are available for transit
egress, based on the following rules:

9 Walk is always available as an access and egress option.
9 For Bus priority mode, walk is the only available access and egress option.
9 For Rail priority modes:
o Park and Ride is only available as an access option for hortmsed trips.
o Kiss and Ride is only available as an access option for HBW trips.
o Park and Ride, Kiss and Ride, and Feeder Bus are not available as egress options.
Table66 below summarizes the logic of the transit access and egress cost calculations.

Table 66. Transit access and egress cost logic

Approach Cost components
option
Walk (first or last 1 The only approach cost is the time to walk to the bus. For work trips in the CBD, this
mode) cost is increased by 20 percent.

f N6UWsc¢cdat WagRGWWRY WaedqRGOIRWIT WAH! Waqé6 13WI |
Bus (first or last 1 Walk timeT Simulated distance to walk divided by walk speed (increased by 20% in
mode) the CBD to account for congested walking conditions). Value multiplied by the OVT
Feeder Bus (first ncHqY!l WeUIl W JWl I R21JI kKt W2¢teJWYnWagRGW
mode only) {1 Drive timeT Approach distance divided by the zone type auto speed multiplied by

Q6 NWT I R21JI Kkt W2c¢cle JWYnWqRGN

f Waittime T Zonal average wait time for bus multiplied by the OVT factor and the
[ R2IJI kt W2c¢leWYnWqRGN

1 CostTBased on the zone location the appropriate fares and transfer costs are

included
Park and Ride (first I Walk time T Default walk time from parking lot to platform multiplied by the OVT
mode only) neHqY! WCUT W6 Wl I R2IJI Kkt W2¢te JWYnWgqRAW

I Drive timeT Approach distance divided by the zone type auto speed multiplied by
q6é Wl I R2IJI kt W2c¢cde JWYnWqRG W

1 CostT Driving distance multiplied by the permile auto operating costs based on
zone type. The fixed driver auto costs and half of the parking costs are added to thig

Kiss and Ride (first 1 Walk time T Default walk time from parking lot to platform multiplied by the OVT

mode only) neAQY!I WeUTl W6 WWTI 1 R2II kt W2cde DWYnWaqRG

91 Drive timeT Approach distance is divided by the zone type auto speed and
GedqRGIRIUT WAH! Waé W1 R2IJI kt W2¢delJWYn Wa
traveled by the driver and passenger, as well as an assumed trip by the driver back
home)andA ! Waq 6 DWT 1 R21J1 kt W2c¢de JWYnWqRG IO

1 Cost T Driving distance multiplied by the permile auto operating costs based on
zone type. Double the auto passenger fixed costs are added to this.

Utility calculations

This section shows the utility formulasfor each modal alternative in the modechoice-destination
choice model. The formulasquantify the benefits and costs associatedwith the different travel
choices. Twoplaceholder variables are listed in the equations to reflect where the specific value
varies based upon the specific conditions:



1 [PK|OR T reflects that either PEAK or OFFPEAK values will be used. PEAK values are applied
for home-based work trips (HBWH, HBWL) and OFFPEAK values are applied for all other trip
purposes.

1 [PURPOSET reflects the variable value specific to each trip purpose.

Each of the utility equations includes the same formula for utility at the trip destination, which is

shown in Table67 and referenced by name (utilitydestination) in the subsequent modal utility
formulastOl/BA w2 ¢ G2 It W WG Wt J0qWgé W YT Do WwerYInnRAHARIU
values.

Table 67. Utility_destination

Formula

P.samp_af * X('log(1/actualdest_samp_wgt)")

+ P.log_attraction * X.actualdest_log_attractions PURPOSIE

+ P.intrazonal * X('o_zone == actualdest')

+ P('distance[1]: up to 5') * X('piece(actualdest_auto_dist OFFPEAK,None,5)")
+ P('distance[2]: 5 to 10") * X('piece(actualdest_auto_dist OFFPEAK,5,10)")

+ P('distance[3]: over 10") * X('piece(actualdest_auto_dist OFFPEAK,10,None)")

In the following tables shaded blocks represent groups of conditional logic and identify which
components are applied when specific conditions are met.

Table 68. SOV (1) utility

Formula Conditions

P.cost * 0.01 * X.actualdest_auto_opcost[PK|OH

+ P.totaltime * X.actualdest_auto_time PK|ORH

+ P.cost * 0.01 * X.actualdest_auto_parking_costURPOSE
+ P.unavail * X(‘1actualdest_auto_avail PURPOSE)

+ utility _destination

+ P.cost * 0.01 * X.actualdest_auto_toll_hiinc_PEAK If HBWH

+ P.cost * 0.01 * X.actualdest_auto_toll loinc_ PEAK If HBWL




+ P.cost * 0.01 * X.actualdest_auto_toll OFFPEAK Not HBW
+ P.AUTO_ozone_autopropensity * X.0zone_autopropensity If NHB
+ P.AUTO_dzone_autopropensity * X.actualdest_autopropensity If NHB
+ P.AUTO_no_veh * X('hhveh==0") Not NHB
+ P.AUTO_sufficient_veh * X('hhveh>=hhadults") Not NHB

Table 69. HOV2 (2) utility

Formula Conditions

P.Const_HOV2

+ P.cost * 0.005 * X.actualdest_auto_opcost_hovHK|OR

+ P.totaltime * X.actualdest_auto_time_PK|OH

+ P.cost * 0.005 * X.actualdest_auto_parking_costFURPOSE
+ P.unavail * X('1actualdest_auto_avail PURPOSE)

+ P(HOVZ2_distance[l]: upto 5') *
X('piece(actualdest_auto_dist. OFFPEAK,None,5)")

+ P(HOVZ2_distance[2]: 5 to 10') *
X('piece(actualdest_auto_dist. OFFPEAK,5,10)")

+ P(HOVZ2_distance[3]: over 10') *
X('piece(actualdest_auto_dist. OFFPEAK,10,None)")

+ utility_destination

+ P.cost * 0.005 * X.actualdest_auto_toll_hov_hiinc_ PEAK If HBWH
+ P.cost * 0.005 * X.actualdest_auto_toll_hov_loinc_ PEAK If HBWL
+ P.cost * 0.005 * X.actualdest_auto_toll OFFPEAK Not HBW
+ P.AUTO_ozone_autopropensity * X.0zone_autopropensity If NHB

+ P.AUTO_dzone_autopropensity * X.actualdest_autopropensity If NHB




+ P.AUTO_no_veh * X('hhveh==0") Not NHB

+ P.AUTO_sufficient_veh * X('hhveh>=hhadults") Not NHB

Table 70. HOV3+ (3) utility

Formula Conditions

P.Const_ HOV3

+ P.cost * 0.0033 * X.actualdest_auto_opcost HK|OR

+ P.totaltime * X.actualdest_auto_time_PK|OH

+ P.cost * 0.0033 * X.actualdest_auto_parking_costPlURPOSE
+ P.unavail * X('1actualdest_auto_avail PURPOSE)

+ P(HOV3_distance[l]: up to 5') *
X('piece(actualdest_auto_dist. OFFPEAK,None,5)")

+ P(HOV3_distance[2]: 5 to 10') *
X('piece(actualdest_auto_dist. OFFPEAK,5,10)")

+ P(HOV3_distance[3]: over 10') *
X('piece(actualdest_auto_dist. OFFPEAK,10,None)")

+ utility_destination

+ P.cost * 0.0033 * X.actualdest_auto_toll_hov_hiinc_PEAK If HBWH
+ P.cost * 0.0033 * X.actualdest_auto_toll_hov_loinc_ PEAK If HBWL
+ P.cost * 0.0033 * X.actualdest_auto_toll_ OFFPEAK Not HBW
+ P.AUTO_ozone_autopropensity * X.0zone_autopropensity If NHB

+ P.AUTO_dzone_autopropensity * X.actualdest_autopropensity If NHB




+ P.AUTO_no_veh * X('hhveh==0") Not NHB

+ P.AUTO_sufficient_veh * X('hhveh>=hhadults") Not NHB

Table 71. Taxi (4) utility

Formula Conditions

P.Const_TAXI
+ P.cost * 0.01 * X.actualdest_taxi_fare HK|OH

+ P.ovtt_dist *
X('actualdest_taxi_wait_time_PK|OHR/actualdest_auto_dist_[PK|OR)

+ P.totaltime * X.actualdest_taxi_wait_time [PK|OR
+ P.totaltime * X.actualdest_auto_time_PK|OH
+ P.unavail * X(‘1actualdest_auto_avail PURPOSF)

+ utility _destination

+ P.cost * 0.01 * X.actualdest_auto_toll_hiinc_PEAK If HBWH
+ P.cost * 0.01 * X.actualdest_auto_toll_loinc_PEAK If HBWL
+ P.cost * 0.01 * X.actualdest_auto_toll_OFFPEAK Not HBW

Table 72. TNC (5) utility

Formula Conditions

P.Const_ TNC1
+ P.cost * 0.01 * X.actualdest_tnc_solo_fare HK|OR

+ P.ovtt_dist *
X(‘actualdest_tnc_solo_wait_time_ PK|OH/actualdest_auto_dist_[PK|OH")




+ P.totaltime * X.actualdest_tnc_solo_wait_time_PK|OR
+ P.totaltime * X.actualdest_auto_time_ PK|OH
+ P.unavail * X(‘1actualdest_auto_avail_PURPOSIE)

+ utility _destination

+ P.cost * 0.01 * X.actualdest_auto_toll_hiinc_PEAK If HBWH
+ P.cost * 0.01 * X.actualdest_auto_toll_loinc_PEAK If HBWL
+ P.cost * 0.01 * X.actualdest_auto_toll OFFPEAK Not HBW

Table 73. TNC shared ride (6) utility

Formula Conditions

P.Const_TNC2
+ P.cost * 0.01 * X.actualdest_tnc_pool_fare HK|OR

+ P.ovtt_dist *
X(‘actualdest_tnc_pool_wait_time_PK|OR/actualdest_auto_dist_[PK|OR")

+ P.totaltime * X.actualdest_tnc_pool_wait_time_PK|OH
+ P.totaltime * X.actualdest_auto_time PK|OH

+ P.unavail * X(‘1actualdest_auto_avail PURPOSIF)
+utility _destination

+ P.cost * 0.005 * X.actualdest_auto_toll_hiinc_PEAK If HBWH
+ P.cost * 0.005 * X.actualdest_auto_toll_loinc_PEAK If HBWL

+ P.cost * 0.005 * X.actualdest_auto_toll OFFPEAK Not HBW




Table 74. Transit (7) utility

Formula ‘ Conditions

P.Const_Transit

+ P.cost * 0.01 * X.actualdest_transit_fare HK|OH

+ P.totaltime * X.actualdest_transit_ovtt PK|OR

+ P.cost * 0.01 * X.actualdest_transit_approach_cost HK|OH

+ P.totaltime * X.actualdest_transit_approach_drivetime_ PK|OH
+ P.totaltime * X.actualdest_transit_approach_walktime_ PK|OR
+ P.totaltime * X.actualdest_transit_approach_waittime_PK|OR
+ P.unavail * X('1actualdest_transit_avail [PURPOSE)

+ P.ovtt_dist *
X(‘actualdest_transit_ovtt |PK|OH/actualdest_auto_dist_[PK|OH)

+ P.ovtt_dist *
X(‘actualdest_transit_approach_walktime_PK|OR/actualdest_auto_dist_[PK|O

FT)

+ P.ovtt_dist *
X('actualdest_transit_approach_waittime_PK|OR/actualdest_auto_dist_[PK|O
PT)

+ P.transit_intrazonal * X('o_zone == actualdest’)

+ utility _destination

+ P.transit_areatype2 * X('fmin(ozone_areatype, actualdest_areatype)==2") if HBW
+ P.transit_areatype3 * X('fmin(ozone_areatype, actualdest_areatype)==3") if HBW
+ P.transit_areatype4 * X('fmin(ozone_areatype, actualdest_areatype)==4") if HBW

+ Pmetra_longtrip * Xtactualdest_auto_dist [PK|OHR [where commuter
transit is available and drive time tdhe stationis less than walk time owaiting
for a feeder busand the trip is 1535 miles long betweenarea types 1 and 3 if HBW




+ P.transit_walk _is_short *
X('hard_sigmoid(actualdest_transit_approach_walktime_OFFPEAK, 4.0, 2.0)") | not HBW

+ Ptransit_areatype3) * Xfmax(ozone_areatype, actualdest_areatype)==3' not HBW
+ P.totaltime * X('piece(actualdest_transit_ivtt OFFPEAK, None, 20)") if NHB
+ P.ivtt_longtransit * X('piece(actualdest_transit_ivit OFFPEAK, 20, None)") | if NHB

+ P.totaltime * X.actualdest_transit_ivit PEAK not NHB

Table 75. Walk (8) utility

Formula

P.Const_ WALK

+ P(‘'walk_time[1]: up to 0.5") * 20.0 * X('piece(actualdest_auto_dist OFFPEAK,None,0.5)")
+ P(‘'walk_time[2]: 0.5to 1.0") * 20.0 * X('piece(actualdest_auto_dist OFFPEAK,0.5,1.0)")
+ P(‘'walk_time[3]: over 1.0") * 20.0 * X(‘piece(actualdest_auto_dist OFFPEAK,1.0,None)’)
+ P.walk_intrazonal * X('o_zone == actualdest’)

+ P.walk_areatype2 * X('fmax(ozone_areatype, actualdest_areatype)==2")

+ P.walk_areatype3 * X(‘fmax(ozone_areatype, actualdest _areatype)==3")

+ P.walk_areatype4 * X('fmax(ozone_areatype, actualdest_areatype)==4")

+utility _destination

Table 76. Bicycle (9) utility

Formula

P.Const_BIKE
+ P.bike_time * 5.0 * X.actualdest_auto_dist OFFPEAK

+ P.bike_intrazonal * X('o_zone == actualdest’)




+ utility _destination

Table 77 contains the parameter coefficient used by the modechoice-destination choice models.
Within the model setup, these are stored in the file choice_model_params.yaml.

Table 77. Mode-destination choice utility coefficients

Coefficient value

Parameter name HBWH HBWL HBS

AUTO_no_veh -2.0207 -2.6528 -3.9228 -2.9707
AUTO_sufficient_veh 0.5191 0.6889 0.8557 0.7343
AUTO_dzone_autopropensity 2.6097
AUTO_ozone_autopropensity 7.9026
Const_BIKE -1.0735 -1.094 -1.848 -1.62 3.6597
Const_HOV2 -0.3669 -0.4461 -0.62 -0.2296 -0.3537
Const_HOV3 -0.4181 -0.629 -1.7535 -0.7619 -1.0022
Const_TAXI -2.4311 -3.8304 -5.2536 -2.9427 4.042
Const_TNC1 -2.0083 -2.4175 -3.8162 -2.1496 4.506
Const_TNC2 -2.4553 -2.8384 -4.5589 -2.9871 3.1428
Const_Transit 0.601 0.48 -0.9632 0.1118 6.2099
Const_ WALK 1.9303 3.5174 6.5967 4.6708 9.2578
"HOV2_distance[1]: up to 5" | -0.0649 -0.1107 0.009 0.0179 -0.0103
"HOVZ2_distance[2]: 5to 10" | -0.1154 -0.0492 0.0493 -0.0002 -0.0767
"HOV2_distance[3]: over 10" | -0.0132 -0.0028 -0.0235 -0.0166 -0.0181
"HOV3_distance[1]: up to 5" -0.1252 -0.1545 0.1013 0.0398 0.0018
"HOV3_distance[2]: 5to 10" | -0.1476 -0.1264 0.0233 -0.0128 -0.0687
"HOV3_distance[3]: over 10" | -0.0171 -0.0172 -0.0269 -0.0177 -0.0403
HOV_no_veh -2.1033 -2.039 -2.6988 -2.3244
HOV_sufficient_veh 0.4762 0.3912 0.8003 0.7002
HOV_dzone_autopropensity 2.2062
HOV_ozone_autopropensity 7.9581
Mu-Dest 0.5835 0.8404 1 0.9173 1
Mu-HiredCar 0.4376 0.6302 0.75 0.688 0.75
Mu-PrivateCar 0.4376 0.6302 0.7489 0.688 0.75
bike_intrazonal -1.6637 -0.994 -0.4423 -0.6768 0.6138
bike_time -0.0278 -0.0633 -0.147 -0.0755 -0.0297
cost -0.0119 -0.0294 -0.0305 -0.0254 -0.107
"distance[1]: up to 5" -0.2988 -0.4452 -0.7298 -0.6121 -0.4686
"distance[2]: 5 to 10" -0.251 -0.2557 -0.5109 -0.4018 -0.3335
"distance[3]: over 10" -0.1017 -0.0913 -0.1317 -0.1082 -0.0641
intrazonal 0.3947 0.0217 -0.8717 -0.4601 -0.0319
log_attraction 1 1 1 1 1
metra_longtrip 9.375 5.625

ovtt_dist -0.1598 -0.0764 -0.2468 -0.2748 -0.2685
samp_af 1 1 1 1 1
totaltime -0.017 -0.0147 -0.03 -0.0254 -0.03
ivtt_longtransit -0.011
transit_areatype?2 -1.3747 -1.2441

transit_areatype3 -3.1399 -3.8502 -0.5 -11 -11
transit_areatype4 -2.5397 -1.7423




transit_intrazonal 1.6254 1.2836 2.8339 2.1563 3.5821
transit_walk_is_short 1.6524 0.5258 0.7232
unavail -999 -999 -999 -999 -999

walk_areatype2 0.149 0.6465 0.0794 0.4343 0.5752
walk_areatype3 -0.2521 0.0891 -1.4849 -0.0197 0.9757
walk_areatype4 -0.6561 0.0183 -1.7738 -0.3177 1.0862
walk_intrazonal -0.3987 -1.113 -1.2366 -0.8354 -0.3277
"walk_time[1]: up to 0.5" -0.1508 -0.2681 -0.4763 -0.3086 -0.1878
"walk_time[2]: 0.5 to 1.0" -0.0505 -0.0588 -0.0959 -0.0835 -0.0905
"walk_time[3]: over 1.0" -0.0451 -0.0789 -0.1057 -0.0848 -0.0938

During execution of the modechoice-destination choice model, the Python code directly reads
skim matrix values to perform the utilitycalculations. Table78 summarizes the matrices used to
determine the utility of each modal option.Note that matrices applied for HBW trips reflect
morning peak conditions, while the matrices applied for nonwork trips reflect midday travel
conditions. The utility calculations include the effects of tolling.The presence of tolls increases the
cost to travelers of using specific routes, so it is accounted for within the traffic assignment
procedures. The increased travel cost also impacts the choice of travel modand is included in the
utility calculations.

Table 78. Utility calculation matrices

HBW Non-work
Travel time- SOV 44 46
Travel time- HOV 76 46
Travel distanceT SOV 45 47
Travel distanceT HOV 77 47
TollT SOV low income 111 NA
Toll T SOV high income 114 NA
TollTHOV low income 112 NA
TollTHOV high income 115 NA
Toll NA 117

HBW Non-work
In-vehicle time 822 922
Out of vehicle time 823 923
Headway 838 938
Fare 828 928
First mode 829 929
Priority mode 830 930
Last mode 831 931

A file of the propensity of homebased trips to be attracted to zones based on a private auto mode
share (SOV or HOV) is used tdjust the probability that non-home-based trips produced in these
zones also will use a private auto mode This file is created during each global iteration of the
model and is used in the subsequent iteration of the modalestination choice model. A default file
(default_auto_propensity.csv.gz) is used during the initial model iteration.



As noted intrip generation, modeled households are divided into two groupy those with no
workers working from home and those with at least one worker who works from home with some
frequency. This results in separate sets of trip productions and attractions. This bifurcation of the
trip data continues through modechoice-destination choice. The model is first run on the trip data
for households with no workers who workfrom-home and then is run again for the other group of
trips. While the parameters of the modechoice-destination choice models are the same between
the two groups, the trip productions and attractions do differ, resulting in unique utility functions
and different behavior patterns.

The tripbased model isnot a full microsimulation. Only a representative set of trips is modeled for
each origin zone. No destination sampling is used in the modeghoice-destination choice model.
Typically, such sampling is used to ensure the model provides good coverage of less attractive
destinations. A weighted sampling approach was used to estimate the model, which used fully
disaggregated trips from the My Daily TraV survey. After testing several sizes, a sample size of 25
destinations ultimately was used and provided parameter estimates that are statistically
indistinguishable from larger sample sizes.

Visitor trips

9 ~ Ak tbHsed nfed@l includes daily demand for visitor trips/ trips with both ends located
within the modeling areathat are made by people whose home location is outside of the modeling
area. This demand was developed using 2019 LOCUS mobile location data to create a base year
zone-to-zone visitor trip table.The mode choice model for norhome base trips is used to
determine the travel mode for visitor trips, with constants shifted so visitors have a higher
likelihood of using taxis and TNCs than resehts would for non-home-based trips.

Visitor trips assigned to the SOV mode must also be categorized by value of time level for traffic
assignment. The value of time distribution for visitottrips is assumed to mirror that for resident
non-home-based trips. The VOT distribution is shown imable87.

As the visitor trip table reflects 2019 trips, a set of growth factors were developed to represent

increased visitor demand in future scenarios. These growth factors were developed based on
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tourism nationally and for Chicago. The growth factors assume visitor demand in northeastern

lllinois returns to pre-pandemic levels(2019) in 2023. The visitor trip growth rates are showin

Table79.

Table 79. Visitor trip growth factors

1.00 1.05 1.18 1.34 151 1.70 1.92

Time-of-day model

After the mode-destination-choice model runs, the time-of-day model is applied toauto trips (for
both private and hired autos). This model separates auto trips into the eight timef-day periods
modeled by CMAP. The timef-day model is sensitive to congested travel timeshroughout the
day. It is a simple multinomial logit model that has alternative specific constants that reflect
behavioral preferences and the duration of each period. The utility functions are also sensitive to



mode choice as TNC use is significantly different than private auto use. Many TNC trips happen in
the evening and overnight periods.

The time-of-day utility formula islisted in Table80. Two placeholder variables are listed in the
equations to reflect where the specific value varies based on the specific conditions:

1 [TODlabe]tq 6 WWqRGWWGUI RYT Wa ¢ AHLG W UniJl { WqVYWgd JWnY
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shoulder.

9 [TOD period T the numeric time-of-day period (18). MF461468 are skimmed highway
times for SOVs for each period.

Table 80. Time-of-day model utility formula

Formula Conditions

P.ASCJ[TOD labe]

+ P.time * X.mf4§TODperiod]

+ P.hiredcar [TOD labe] * X('mode9 in (‘TAXI', TNC1', TNC2'"))
+ P.ASC_TOD labe]_r * X.paFlip not NHB

if HBW,
+ P.hiredcar [TOD labe]_r * X(‘(mode9 in ('TAXI','TNC1','TNC2")*paFlip’) | HBO

The following table contains the parameter coefficient used by théme-of-day model. Within the

model setup, these are stored in the file tod_model_params.yamlA ¢ | ¢ d Jaq Il + WIUT RUN Wz
represent the reverse trip. These are only applied to horAeased trips, meaning they represent the
attraction -production trip.

Table 81. Time-of-day model parameters

Coefficient value

Parameter name HBWH HBWL
ASC_AM1 -1.1259 -1.1102 -1.8298 -1.2922 -1.8283
ASC_AM1_r -1.1231 -0.9133 -0.3437 -0.126
ASC_AM2 0 0 0 0 0
ASC_AM2_r 0 0 0 0
ASC_AM3 -2.5156 -1.8888 -0.2645 -1.14 -0.8498
ASC_AM3_r 0.7526 0.7235 0.7867 0.6787
ASC_EA -1.9622 -1.6429 -1.5805 -1.5318 -1.348
ASC _EA r 1.6611 2.1924 2.47 2.7275

1.1168
ASC_MD -1.6343 -0.9985 1.2134 0.1653




1.3714
ASC_MD _r 1.9892 1.6542 1.4565
ASC_PM1 -2.2204 -1.8976 0.2849 -0.4321 0.5517
ASC PM1 r 3.7918 3.4383 2.2642 1.8336
ASC_PM2 -2.3658 -2.4245 0.3984 0.1484 0.2782
ASC_PM2_r 3.654 3.6741 2.1922 1.5952

-0.6503

ASC_PM3 -3.9189 -4.0392 -0.0874 -0.9093
ASC PM3 r 40171 4.3707 2.2669 2.5158
hiredcar_AM1 -0.2335 -1.1946 -11.7505 1.00E-04 0.8795
hiredcar_AM1_r -12.1216 -10.706 0.189
hiredcar_AM2 0 0 0 0 0
hiredcar_ AM2_r 0 0 0
hiredcar_AM3 1.0709 0.9707 -0.1476 0.0347 0.4629
hiredcar_AM3_r -14.0951 0.0756 -0.1058
hiredcar_EA -0.1723 0.5339 -17.5549 0.9544 2.8669
hiredcar_EA r 3.1961 1.6282 1.5105
hiredcar_MD 0.3483 0.4738 0.0168 0.2375 0.7199
hiredcar_MD_r 0.6849 0.262 -0.378
hiredcar_PM1 -1.5686 0.7303 0.0839 -0.2086 0.9617
hiredcar_ PM1 _r 2.5324 -0.0527 0.2851
hiredcar_PM2 -1.3687 -0.497 0.6512 0.6264 1.2375
hiredcar_ PM2_r 3.3293 1.1441 -0.642
hiredcar_PM3 0.7728 -16.158 1.209 1.6335 2.0767
hiredcar_PM3_r 1.5941 17.7847 -0.5611
time -0.0551 -0.0367 -0.0273 -0.0552 -0.0200

Hired auto deadhead trips

Within the model, a set of deadhead trips are generated for taxis and TNCs to represent trips
connecting revenue trips. These are the trips that drivers make once a passenger is dropped off to
reach the location where the next passenger will be picked ug:he method links together the
destinations of taxi and TNC trips (when passengers are dropped off and thus, the productions for
deadhead trips) with the origins of taxi and TNC trips (when the new passenger is collected and
thus, the attractions for deadhead trips) within each time period. A simplifying assumption is made
that these productions and attractions are balanced within each period.

Distribution of the deadhead trips is accomplished using a simple gravity model with congested
travel time skims for the time period as the impedancemeaning thatdrivers travel close to the
minimum distance needed to serve the revenue trips. This reflects the rational behavior of drivers
trying to minimize the distance of trips traveled without a faref-or traffic assignment these trips
are added to the SOV trip tablesising the value of time shares listedn Table87.

Final trip roster

Completion of the time-of-day model results in the creation of a set of parquet files, which use
columnar data storage to reduce file sizes. These parquet files collectively contain the roster of
trips created by the models and can be used to develop spefic trip demand tables. The labeling
n Y| LWaq 6 1Jtchbltén ntuldtbr Likips [HHnge of
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Range of zonedists the origin zones included in the file



9 typical|wfh identifies whether the trips are from households with at least one worker who
works from home or from households with no workers working from home.

Table82 lists the fields contained in the parquet files.

Table 82. Parquet file fields

Variable Description

trips Number of trips

purpose Trip purpose (HBWH, HBWL, HBS, HBO, NHB, VISIT, DEAD)

mode Trip mode (numeric value)

0_zone Origin zone (the beginning of the actual trip may not be the home/production zone)

d_zone Destination zone (the end of the actual tripr may not be the attraction zone)

a_zone Attraction zone (either the production or attraction zone, depending on trip
directionality)

hh_autos Number of household vehicles available (0,1,2+) applicable only for home-based trips

hh_inc5 Household income category of the trip maker (in 2019 dollars): 1=less than $30,000,
2=$30,000$59,999, 3=$60,000%$99,999, 4=$100,000$149,999, 5=$150,000+

timeperiod Time period labels; NA applied to transit, walk and cycling trips

During execution of the timeof-day model, homebased trips (which are modeled in production
attraction format rather than origin-destination format) are converted to origindestination trips
using the following factors to create the attractionproduction trips.

9 Home-based work high income: 0.459
9 Home-based work low income: 0.443
9 Home-based shopping: 0.647

i Home-based other: 0.513

Traffic assignment

The final step in the tripbased model is traffic assignment. This steusesall the travel demand
created and routes trips over the highway network. A final step after completion of the timef-day
model is the creation of timeperiod-specific demand matrices that are used for the highway
assignment. Person trips are converted to vehicle trips for these matés, meaning auto
occupancy is accounted for. The following vehicle occupancy rates are used for HOV trips with at
least three people.

9 Home-based work trips: 3.36
9 All other home-based trips: 3.31

9 Nonhome-based trips and visitor trips: 3.39

Special trip handling

Traffic assignment includes several other classes of vehicle trips in addition @uto vehicle trips.
Theserequire special data-handling proceduresto create the demand matrices



Commercial vehicle trips

CMAP modelscommercial vehicle trips for four truck classes: B-plate, light trucks, medium trucks,

and heavy trucks.B-plate trucks are vans pickup trucks, and sport utility vehicleswith
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license plates are issued to vehicles weighing less than 8,000 pounds. RN 6 q lWa | 2 #t + We | U
and smaller delivery vanswhich carry weight plates DJ and MBDMJ.Medium trucks aredefined as

heavy fixedwheelbase trucks, such as concrete mixers, scavenger trucks, double rear axle

refrigerator units, and some other lighter weight articulated vehicles carrying weight plates Kand
MK-MT.This covers trucks weighing between 28,001 and 64,000 poundsinally, heavy trucks

comprise the 73,280- and 80,000pound maximum load vehicles which are tractor-trailer

combinations. These carry weight plates of \Z.
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vehicles and actual trips was always somewhat tenuous, buit provided the best available

information at the time. CMAP currently uses more robust data to develop the base year trip totals

that inform the trip-based model, including:

B-plate trucks: These license platesareissued to either personal or commercial vehicles

However, forthe purpose of modelingb-plate trucks as a specific vehicle class, CMAP isnly

interested in commercial vehicle demand. Personal vehicle demand is included in household trips.

An analysis of bplate vehicle registrations was conducted for the lllinois counties in the CMAP
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total population in these counties, an average rate of iplate vehicles per person was developed.

This rate was applied to the remaining counties in the CMAP modelingea to determine total b

plate vehicles registered within the modeling area. It was factored by 10 percent to reflect external
b-plates that operate on the road network within the modeling area.

National auto sales information from the last two decades was used to determine the increased
share of trucks, minivans and sport utility vehiclesin use. Sales shares werecombined with lllinois
data from the Vehicle Inventory and Use Survey on the share of miles by these vehicle types used
for commercial purposes. Finally, an analysis of kplate vehicles included in the My Daily Travel
survey provided the average number dfips made daily. This value multiplied by the number of-b
plate vehicles providesan estimate of daily commercial trips for this vehicle class.

Heavy trucks: CMAPpurchases data on heavy truck trips within the modeling area from the
American Transportation Research Institute (ATRIAgency gaff analyzed his datasetto determine
the number of trips heavy vehicles make within the CMAP modeling area atalidentify the specific
locations they visit.

Light and medium trucks: The data purchased from ATRI does not include these truck classes.
Instead, the number of trips for these trucks is derived from vehicle registration data and
established relationships in the number of trips these truck classes take relative to heavy truskAs
an extra level of data verification, the reasonableness of these trip values was confirmed by
reviewing the results of aspecial truck demand model developed forthe lllinois Department of
Transportation (DOT)in 2012to support the llliana Expressway analysis
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set of trip values consistent across all truck classes. These base values were developed assuming

a growth rate of 10 percent per decade, the same growth used forecast future trucktrips. Table

83 presentsthe base trip totals by vehicle class.



Table 83. Truck trip totals by vehicle class

B-plate trucks 1,468,500
Light trucks 246,500
Medium trucks 229,500
Heavy trucks 395,000

Once the total number of trucks per class is determined, the notheavy truck trips are allocated to
production and attraction zones based on development patterns that come from UrbanSim. The
measure of development is represented by nonhomdased trip productions. Theseare most
closely related to total development with an emphasis on employment density. The process is a
simple allocation of trips to zones based on the zonal share of the total regional development. The
distribution of trips is then created based on trip length distribution parameters derived from data
on light and medium truck trips in the region purchased from INRIX.

For b-plate trucks, the trip length distribution was enhanced using odometer readings collected by
the lllinois Environmental Protection Agency as part of the vehicle inspection and maintenance
program. These readings were obtained for the seven CMAP coigs and Grundy County Specific
vehicles were matched to the Illinois Secretary of State registration data to isolate-fplate trucks
from the resulting dataset, and the distribution of average daily vehicle miles traveled was
calculated for b-plates.

The distribution of heavy truck trips is also weighted using information from UrbanSirBase year
employment by NAICScategoryfor each building in the severrcounty CMAP regions
supplemented with averageheavy commercial vehicletrip rates per 1,000 square feety building
type, as identified InNCHRP Report 298to estimate regionaltrips per employeerates by NAICS
code. UrbanSim provides employment by NAICS for each forecasted year, satal trips are
estimated by multiplying the trips per employee by the number of employees by NAICS cofie
each zone.Employment-based estimations of trip frequenciestend to favor employment dense
regions, such as the CBDso the estimated trips are scaled by the share of nonresidential building
area per zoneto produce the final heavy truck trip weights

Since these final weights are not used as actual productions and attractions, but merely as weights
for the distribution process, scaling the final estimated trips by the share of nomesidential building
area helps differentiate between pickupand delivery needs of different types of land use Non-
residential building area zonal share was calculated from the UrbanSim base year buildings file and
shares are held constant inall future years. The buildings file only includes buildings in the CMAP
seven-county region, soan estimated zonal share of nonresidential building area was assigned to
the remaining modelling zones by matchinghe zone with an unknown share to a zone with a known
share basedon similar observed trip rates fromthe ATRI dataset.

The size and operating characteristics of commercial vehicles require them to be treated differently
than automobiles during traffic assignment. Prior to the traffic assignment process, truck vehicle
trips are converted to trips measured in vehicle equivants. The truck vehicle trips are converted
using the following factors:
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B-plate and light trucks equal one vehicle equivalent.
Medium trucks equal two vehicle equivalents.

Heavy trucks (and buses) equal three vehicle equivalents.

Point-of-entry trips

Point-of-entry trips represent three categories of travel: auto travel enteringr leaving the modeled

region on major expressways, heavy truck travel enterimgy leaving the region on major

expressways, and autgpassengertravelt 2 GGY | q R U N AipdrtsldhterldgbReawng thell

region. Pointof-entry locations are external zones (numbere@®633 through3649) and are not
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the traveler, the trip purpose, @ thetrip origin ordestination located outside of the region These

trips are created based on observed traffic counts at the locations in question and some

assumptions about the travel behavior of the trip maker, including an assumption that external

travelers are indifferent about the actual length of the trip whin the region (i.e., their destination is

fixed).

Base year trip production totals for highway point of entry are derived from expressway traffic
counts at locations around the region. Base year trips for airport point of entry are based on an
analysis of observed enplanements. To create future productiomand attractions, the base year
number of total trips is factored using the same growth rates as commercial vehicles: 10 percent
per decade. The year 2015 POE productions are presentedTable84.

Table 84. Point-of-entry base year productions

Auto external 255,600
Truck external 109,500
Air traveler 69,500

All point-of-entry trips are handled at the same time using a gravity model. To begin, an impedance
file based on a gamma function was created. To accomplish this, a destination vector of nemork
trip attractions plus a weighted number of pointof-entry trips was calculated. Again, this
information is used as a measure of development density with an emphasis on employment
density. The impedance matrix is proportional to the productions multiplied by the attractions and
inversely proportional to the squareof the midday travel distance (capped at 60 miles):
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The impedance matrix is balanced using the original productions at the origin, and trip attractions
apportioned to destinations based on zonal shares of nomwork attractions and zonal pointof-entry
totals as the attractions.

At this point, the balanced trip matrix must be separated into its component pieces to be used
within the traffic assignment procedures. Trips with origins at the expressway pointsf-entry are
extracted to a matrix, which is summed with its transpose maik. This represents the total external



expressway daily trip table. Thirty percent of the trips in this daily trip table are apportioned as
external truck trips. The remaining 70 percent are allocated to external auto trips. To determine air
traveler trips, all trips with origins in the regiorare extracted to another matrix, which is also
summed with its transpose matrix. External truck trips are assumed to be heavy commercial
vehicles. Thus, this demand matrix is factored by three vehicle equivalents prior to the traffic
assignment.

Tolling

Within the traffic assignment procedures, tolling is reflected in the generalized cost of a road
segment. Whileall the user classes perceive the same travel time on a link, they may perceive
differing generalized costs. This scheme allows different vehicle classes to mssessed with
different toll amounts. It also allows for differing toll amounts to be charged to the user classes
based on the timeof-day. CMAP's traffic assignment includes seven user classes:

1 SOVs with a low value of timg1)
SOVs with a medium value of timg2)
SOVs with a high value of timé3)
HOVs(4)

B-plate and light trucks(5)

=4 =24 =2 A =2

Medium trucks (6)

9 Heavy trucks(7)

The generalized cost on toll links reflects travel time and a fixed link cost. The fixed link cost is the
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perceive 100 percent of the cost of a toll during a triprable85 lists the hourly values of time used

for each user class. Values of time for commercial vehicle drivers were developed using

information published by the Bureau of Labor Statistics on the mean hourly wages for drivers of

heavy and light trucks in the Chicago mgion. Values of time for household vehicles were developed

using a method described by Lemp and Rossi.

Table 85. Vehicle value of time and perception factor by user class

User class Hourly value of time Perception factor
SOV value of time bin 1 $2.30 2.25
SOV value of time bin 2 $7.20 2.25
SOV value of time bin 3 $24.00 2.00
HOV2 $9.00 2.25
HOV3+ $14.00 2.25
B-Plate truck $24.00 1.00
Light truck $32.00 1.00
Medium truck $47.00 1.00

4Lemp, J. and T. Ross{2018) Practical Framework to Incorporate Value of Time Heterogeneity in an Aggregate Travel Model
Proceedings of the Annual Transportation Research Board Conference, Washington, D.C.



Heavy truck $52.00 1.00
External auto $18.00 1.00
Air traveler $30.00 1.00

The generalized cost process converts the value of time into a minutes per dollar value that is

multiplied by the toll amount. This straightforward calculation fails to account for all of the other
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R aDHesiidimay not perceive the cost of paying a toll as 100 percent of the actual amount.

Transponder users, for instance, are not paying cash owdtf-GY #t IJqWn Y| WIJ¢ HG Wa Y G G W
the cost when they viewa monthly credit card statement (at which point the cost has already been
incurred). Additionally, the expected travel time savings from using the tollway may more than

offset the perceived cost of the toll. Similarly, commercial vehicle drivers may be mabursed for

toll expenses or their Justin-Time delivery responsibilities may play a much larger role in routing

decisions than tolls. The perception factorsin Table85 are an attempt to quantify these individual
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and the effective impedance of tolling. The perception factors were calibrated using vehicle class
volumes on tollway facilities.

As noted, three value of time bins (low, medium, and high) are used to categorize SOV trips. The

value of time for a specific trip is not solely a function of income but is also related to the trip
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have high values of time associated with them, while a routine shopping trip may have a low value

of time. Table86 shows how the value of time binsare appliedto SOV tripsacross trip purposes

and household income categories.

Table 86. SOV trip VOT distribution

Income

Trip purpose category Low VOT Mid VOT High VOT
HBWL 1 0.648 0.333 0.018
HBWL 2 0.383 0.537 0.08
HBWH 3,4 0.197 0.605 0.198
HBWH 5 0.036 0.425 0.53
HBO 1 0.648 0.333 0.018
HBO 2 0.383 0.537 0.08
HBO 3,4 0.197 0.605 0.198
HBO 5 0.036 0.425 0.53
HBS 1 0.648 0.333 0.018
HBS 2 0.383 0.537 0.08
HBS 3,4 0.197 0.605 0.198
HBS 5 0.036 0.425 0.53
NHB 1 0.648 0.333 0.018
NHB 2 0.383 0.537 0.08
NHB 3,4 0.197 0.605 0.198
NHB 5 0.036 0.425 0.53
VISIT N/A 0.3 0.55 0.15
DEADHEAD N/A 0.7 0.25 0.05




Table87 shows the value of time factors applied to categorize the remaining trip demand into the
VOT bins. Drive to transit trips are assumed to be mostly work trips, which is why their VOT
distributions are similar. The VOTSs for external and air passenger tripse assumed to be higher
than average. Implementation of this VOT scheme ensures that route choice decisions are
sensitive to changes in toll amounts.

Table 87. Value of time distribution

VOT ategory Drive to transit trips External trips
Low VOT bin 15 percent 10 percent
Medium VOT bin 50 percent 45 percent
High VOT bin 35 percent 45 percent

Assignment time periods

The principal objective behind multiple period highway assignments is to develop more accurate
estimates of vehicle-miles by different speed ranges and vehicle classes for air quality conformity
analyses. Separate assignments estimate highway vehicleniles and travel speeds for eight time
periods during the day:

9 Overnightoff-peak (8:00 p.m. to 6:00 a.m.)
Preceding morning peak (6:00 to 7:00 a.m.)
Morning peak (7:00 to 9:00 a.m.)

Post morning peak (9:00 to 10:00 a.m.)
Midday (10:00 a.m. to 2:00 p.m.)
Precedingeveningpeak (2:00 to 4:00 p.m.)
Eveningpeak (4:00 to 6:00 p.m.)
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Posteveningpeak (6:00 to 8:00 p.m.)

Figurel2is a schematic diagram that shows the sequence of steps in the multiple time period
assignment. Nine highway network scenarios are first assembled (eight timef-day specific
networks and a ninth altinclusive network to hold the sum of daily information).The presence of
time-of-day restrictions on highway network links allows for variation between the TOD networks.
At present, these restrictions are modeled on the Kennedy Expressway reversible lanes and an on
ramp from eastbound ILRoute 38 to eastbound 290, as wellas on arterials with peak period
parking restrictions. In practice, the eight TODperiods use a total of four unique highway networks:

1 Amorning peak network used in the morning peak and its shoulders.
i A midday network used during time period 5.

1 Aeveningpeak network used in the evening peak and its shoulders.
1

An overnight network used in time period 1.



The travel model proceeds through three global iterations. During each iteration, the time period
assignments are executed, and the assignment results are averaged with the results of the TOD
assignment for the same period from the previous global iteratio using the Method of Successive
Averages (MSA).fiis results in a finallink volume for eachtime period. These are used to estimate
the morning peak and midday travel timeswhich are fed back into the rest of the modeling
process. The effects of bus opeations on other traffic also are accounted for in the assignment
process, as buses operating on sharedise facilities are included in the volumedelay function
calculations.

Figure 12. Multiple time period highway assignment process
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After three passes through the timeof-day modeling process, the results of the separate MSA
period assignments are accumulated into daily volumesThe results also arg¢abulated into the
vehicle-mile-by-vehicle-type-by-speed range tables needed for the vehicle emission calculations.
The completion and summarizing of the eight period assignments is highly simplifidsy using
scripts to automate repetitive processes.

Traffic assignment is accomplished using &econd-Order Linear Approximation(SOLA)lgorithm

in Emme. Thisalgorithm is an extremely efficientmethod to reach network equilibriumand allows

for parallelization for shorter run times.Vehicle trips are assigned to the road network and the
zone-to-zone travel costs (generalized cost including travel time and tolls) are determined. The

algorithm seeks equality in costs among alternative paths between the samerigin-destination

zonepair. The behavioral representation in the&SOLA algorithm is thadrivers find the best choice of

travel route to minimize theirtravel costs. If aless costly route is available drivers willchoose to
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impacts all other travelers.
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The process begins by calling thecript for the first period assignment (the overnight period). The
appropriate network scenario is selected and the corresponding demand matrices for the time
period are called to assign the trips. For the first time period, the standard set of volurdelay
functions (discussed below) are loaded, the scenario is prepared for assignment, and a full
equilibrium assignment is completed. The procedure repeats through the remaining time periods.
When the eight time periods are ompleted, the link volumes and travel times are successively
averaged with the same time periods from previouglobal iterations. This occurs forthe second
and third globaliterations since iteration 0 has no previous iteration to be averaged witiThe result
is a set of eight modeled scenarios representing each time period and containing the final MSA
volumes and speeds.

The travel data that led to selecting the eight time periods ilustrated in Figure13. This is a plot of
the auto driver and auto passenger trips in motion reported in CATS' 1990 household travel survey.
Trips were accumulated at the end of 96, IBninute periods throughout the day. The plot shows a
moving average of these accumulated tripgalculated over four consecutive 15minute periods.

The moving average smooths out the irregularities in the plot that are caused by the tendency of
surveyed travelers to report trip start and completion times to the nearest quartehour or half

hour. Analysis of the Travel Trackeand My Daily Travetlata confirmed that the eight time periods
are still relevant, thus, they continue to be used.

Figure 13. Time distribution of auto driver and passenger trips
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The plot shows the distinct peaking of auto travel during the morning and evening peak periods. The
large number of trips in motion during peak travel periods is due not only to increased trip making
during these time periods. Peak period auto trips alsotay in motion longer because they are more
likely to be lengthy work trips subjected to slower congested peak period travel speeds.

The plotin Figure13is not symmetric because the evening peak period is longer and slightly worse
than the morning peak. The two peak periods are separated by a midday period that has a uniform
number of trips in motion, except for a bulge in trip making around the noon luhgeriod. Trips in
motion plateau between 8:00 and 9:00 p.m. after the evening peak period, and then quickly decline
during the late-night period.



The two assignment peak periods are defined differently because of these auto travel
characteristics. The shading undethe Figure13 curve shows the peak and shoulder periods used

in the multiple time period assignments. A two hour morning peak (7:00 to 9:00 a.m.) and two, ene
hour morning peak shoulder periods (6:00 to 7:00 a.m. and 9:00 to 10:00 a.m.) effectively cover the
morning peak period. Six hours are needed to capture the evening peak period, including: a two
hour early evening peak (4:00 to 6:00 p.m.) plus two hour afternoon and evening peak shoulder
periods on either side of the PM peak (2:00 to 4:00 p.m. and 6:00 to 8:00np). This leaves a nearly
uniform four-hour midday period between the two peaks (10:00 a.m. to 2:00 p.m.), and an gféak
period (8:00 p.m. to 6:00 a.m.) covering the late evening and early morning hours.

The time period assignments provide a more detailed and accurate picture of congestion effects in
the highway network, which is advantageous for several reasons. While daily estimated traffic
volumes may just be marginally improved compared to volumes pragted by average daily
assignments, estimates of network speeds are substantially improved and regional vehiclailes

of travel agree more closely with state estimates of daily vehicleniles. Since congestion is more
correctly modeled, impacts from proposedhighway improvements that reduce congestion are also
more accurately reproduced by the time period assignments.

Time-of-day factors

Auto trips processed through the modechoice-destination choice model proceed to the timeof-

day model, where they are assigned to one of the eight TOD periods. Truck trips and the external
auto trips are not part of this process, so factors are applied to convert this demand into TOD trips.
These factors ardisted in Table88.

TODfactors for the other trips were developed using the following methods:

Heavy trucks: Time-of-day factors for these vehicles were derived directly from the ATRI truck trip
dataset. These same factors are applied to external truck trips

Light and medium trucks: Factors for these vehicles were developed using transaction data from

the lllinois Tollway; specifically focusing on Tier 2 and Tier 3 transactions (which correspond to

9~ Akt WiRNS6qWe Ul WaWUT RaGWql e#Ht WHE qINYI! RIiouwyll 13t GIJ
count data of single unit trucks on Cook County arterials provided by IDOT. The final factors

represent an averaging of these two data sources.

All other vehicles: The TOD factors for all other vehicles were developed from the model validation
time-of-day traffic analysis.

Table 88. Commercial vehicle and e xternal auto time-of-day factors

external

auto 0.163 0.052 0.127 0.051 0.211 0.133 0.155 0.109
Air

Passenger

to/from

airports 0.163 0.052 0.127 0.051 0.211 0.133 0.155 0.109
B trucks 0.230 0.007 0.016 0.016 0.238 0.165 0.176 0.152
L truck 0.230 0.007 0.016 0.016 0.238 0.165 0.176 0.152




M trucks 0.230 0.007 0.016 0.016 0.238 0.165 0.176 0.152

H trucks 0.213 0.044 0.121 0.067 0.266 0.121 0.103 0.065
external
trucks 0.213 0.044 0.121 0.067 0.266 0.121 0.103 0.065

Volume -delay functions

The volumedelay functions (VDFs) are used to represent the congestion that occurs on links as
traffic volumes increase. The volumedelay functions include estimated traffic signal

characteristics for links that end at signalized intersections. This meanthat assignments are
sensitive to signal characteristics and can reflect major signal modernization programs. In addition
to more accurately representing the characteristics of the network, these signal sensitive volume
delay functions allow the emission eductions from signal improvements to be evaluated.

9 ~ Akt Waefaf fanktidns have evolved from their initial versions because of the previous
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limitation was that freeways and expressways tended to be ovassignedin the congested peak

time periods. Several factors contributed to this peak period oveassignment including: (1) an

unrealistic initial peak period assignment since paths were built using uncongested travel times; (2)

the inability to model bottlenecksin the freeway network that occur during peak periods, and; (3)

not restricting freeway onramps whose peak period capacities were controlled by metering. The

approach taken was to alter the volumedelay functions for freeways, expressway and metered

freeway entrance ramps so that travel times increase far more quickly after capacity is reached.

The capacities of metered orramps are also set to maximum metered flow rates.

Note that the link volume included in the volumedelay function calculations includes all assigned

auto and truck traffic (in VEQs), as well as buses operating on the roadway links, represented as

qé6!1 WIW2WI6RATWWINe R2¢ 010qt HOHKefreésHiRIaNE caphBitops aillevel dfz 13+ LU
service E traffic conditions except for arterials (vdfl) and ramps connecting freeways (vdf5), which

reflect level of service C.

VDFsfor links ending at signalized intersections (vdfl and vdf3)

Intersection delays in the volumedelay functions are based upon the Webster equatiofi.In this
equation, intersection delay has uniform and incremental components, and both are rather
HYOGGURAC qUT Waq VY WHCE O H 2-tetagflinkidis, 6impled regredsioh dtj@atfotisavéré
fit to calculated uniform and incremental delays for a range o$ignal cycle lengths and green time
to-cycle length ratios.

The regression equations for uniform and incremental signal delays are combined with link travel
time estimates in the first (arterial) and third (freeway exit ramp to arterial) volumédelay functions
as follows:

Link travel time between intersections is:

6 F. V. Webster and B. M. Cobhd&Traffic Signals Road Research Laboratory, Ministry of Transport Road Research, Technical Paper
No. 56, 1966.
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This is the widely used BPR (Bureau of Public Roads) function whefg W hue ¢ Gt Waq 6 IJ WG R
travel time without any intersection delay and Jis the uncongested link travel time without
intersection delay. The uncongested link travel time is computed using the maximum speed
permitted on the link. QuantityvolumeRt Waq 6 WG RUt Kkt Wal ¢ nnREW2Yd2 G
equivalents. Capacity represented within the link travel time function is approximately the

service volume at level of service C. It is caldated as 75 percent of the level of service E

time period link capacity. Note that link capacity is calculated by multiplying the hourly lane
capacity by the number of lanes and the number of hours in the assignment time period.

vy Y p T

Uniform intersection delay is the maximum of zero or:
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the green time allowed the link at the-pode intersection andcycle is the cycle length at the
intersection. Both quantities are in seconds. The uniform delay is restricted to positive

values in the volumedelay functions.

Incremental delay at intersections is the maximum of zero or:
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Incremental delay is also restricted to positive values in the volumelelay functions.

Figurel1l4 shows the estimated travel times for a major and minor arterial including intersection
delay. Both arterials have an uncongested travel time of one minute between intersections. For the
minor arterial the signal cycle length at the-pode is ninety seconds, and the link receives thirty
seconds of green time in the cycle. The signal cycle length at thenpde is 120 seconds for the

major arterial, with ninety seconds of green time in the cycle. The major arterial is allowed more
green time at the jnode than the minor one and intersection delays on the major link are less than
on the minor link until the volume to capacity ratios exceed 1.25. Both volumdelay relationships
have a kink in them because the maximum combined uniform and incremental intersectiodelay is
limited to one cycle length.



Figure 14. Example volume -delay functions for two arterial links
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VDFs for freeways and expressways (vdf2, vdf4 and vdf5)

The second (freeway), fourth (expressway) and fifth (freewdseeway ramps) volumedelay

functions start with a variation on the BPR function. Additional adjustments were made to the

expressway function: uncongested link travel times on freeway links wenmneduced 15 percent to
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and the link capacity value was increased by 300 vehicles to reflect traffic management and

operations strategies implementedonthe @ RY Uk + Wf OqlJl + q¢ qlJWt ' + qlJa OW[ Y
the exponent was increased from the BPR value to increase travel times more dramatically for

volume to capacity ratios greater than one. The quantity,Ts determined by the maximum legal

speed

Forfreeways (vdf2):
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Forexpressways (vdf4):
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Forfreeway-to-freeway ramps (vdf5)
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Figure15 compares expressway link travel timesusing9 ~ Akt Wé? [ WqVY W6 Yt IWnl VY
volume-delay function for a one mile link with a maximum speed of 60 miles per hour. At volume to
capacity ratios below 1.25, both functions predict very similar link travel times; in facthe CMAP

value is slightly below that of the BPR curve due to the lower initial uncongested travel time. For
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and rapidly increases because the volume to cpacity ratio is exponentiated to a higher power.

Figure 15. Revised BPRvolume -delay function for freeway links
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VDF for metered freeway entrance ramps (vdf8)

For metered freeway entrance ramps, the original BPR function is revised so that travel time greatly
increases when the link volume exceeds the maximum metered flow rate. This effectively restricts
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The maximum metered flow rate is taken as 720 vehicles per hour per lane, or an average vehicle
delay at the ramp metering signal of five seconds.



VDF for links with tolls (vdf7)

The original toll collection link volumedelay function implemented in the trip-based model

decades ago attempted to measure delay at the toll collection facility itself through the generalized

cost (time and money) of using the facility. Thimethod of reflecting the impact of tolls on

RUTR2RT e2c¢iit kWl YeqWWHSYRHWIWGet Ut WiRaqqad Wt YUt JWqY
entire system operated by the Illinois Tollway uses electronic toll collection technology: mainline

plazas require ro reduction in operating speed and nestop tolling is available at ramp tollbooths.

Further, most toll transactions in the CMAP region use transponders, thus only a small share of

tollway drivers even stop at plazas.

The current toll collection link volume-delay function merely reflects the travel time on the link
(generally coded as 200 feet long) based on the average speed of the incoming link. These links are
of negligible length within the larger overall network.Aus, no attempt is made to constrain their
capacity. The true impact of tolling on route choice is measured through the generalized cost
procedures described earlier.

Link speeds

Traffic volume on every link for each period of the day is one product of the tiroé-day network
assignment. The speed of travel for each link is calculated by an equation that uses the volume
capacity ratio for the link as the independent variable. Theflowing equations are used to produce
the final link speed.

Freeways:
S=S 1 X 1 forVIC¢ 1
1+0.15 (VIC) 1+0.15 (V/C}
S=S 1 for VIC>1

1+0.15 (V/CY

Arterials:

S:S) 1
(INn(S) *0.249) +0.153 ( V/(C * .75)}°®

Where:

S = Speed on link used for emission calculation
S = Initial speed on link
V/C = Volumecapacity ratio for the link

These curves represent modifications to the BPR curves that have been used at CMAP and other
agencies for many years. Consistent with a national trend for agencies to use modified curves
based on local data, these curves are based on the information gathed from local empirical data.
The freeway curve is the same as used in the volume delay functions in the tiroéday assignment



iterations. The arterial curve is slightly modified to better correlate with the empirical data. The data
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well as CATSconducted speed runs for the arterialsystem. Thisdatabase is documented in CATS

Working Paper 9509: Travel Time Database and Structure Chicago Area Expressway System
(September 1995), andCATS Working Paper 999: 1994, 1995 and 1996 Combined Travel Time
Database Documentation: Arterial Higpway System(July 1997). The methodology for the curve
development is presented inCATS Working Paper 912: Method for Adjusting Modeled Speeds

Based on Empirical Speed DatgAugust 1997).

Emissions calculation

As northeastern lllinois does not meet federal air quality standards for ozone, CMAP must show the

| JNRYUkt Wayunw ¢UnWwgl ¢ Ut GYI q¢ qRYU WG ¢ Uwe UT WNI ¢
emission budgets. This is theair quality conformity process. Final link volumes and link speeds

from the travel demand model serve as inputs to the vehicle emissions model, which is used to

make the conformity determination. Please refer to théAir Quality Conformity Documentation

Appendixfor more information.

Travel model validation

An important step following the development of a travel model is model validation, demonstrating
that model results are reasonable when compared to observed dataModel validationis focused
on comparing the results of a calibrated travel model to other data sources such as daily traffic
counts, daily transit boardings, and more recent Census dataBest practice within travel demand
modeling is to use different datasets for model calibration and validation activities t@onfirm that
the results reasonablyreplicate observed travel patterns.In instances where comparison data are
limited, a dataset may be used for calibration and validation if the data records are separated into
distinct subsets for each purpose

There are no specific regulations definingvhat a well-validated travel modellooks like, and the
federal government has not developed specific benchmarks that must be met to show that a travel
model is well-validated. The Federal Highway Administration has published théravel Model
Validation and Reasonableness Checking Manudb offer guidelines and examples on how travel
model validation can be evaluated It is important to note that no single evaluation measure can be
used to determine if travel model results are reasonable. Rathethe model should be evaluated
across an array of measureso establish an overall pattern consistent with observed data

Travel demand model results are not expected to perfectly match observed data, and in fact travel
TGOl WaYT DG WI+ WeR R &N W WAYTILGYIZIOWN 6 R W N 131+ Wa Y

”Note: All CATS Working papers are available on ti8VIAP Data Hub


https://cmap.illinois.gov/wp-content/uploads/2026-RTP-Air-Quality-Conformity-Analysis-Appendix.pdf
https://cmap.illinois.gov/wp-content/uploads/2026-RTP-Air-Quality-Conformity-Analysis-Appendix.pdf
https://rosap.ntl.bts.gov/view/dot/55924
https://rosap.ntl.bts.gov/view/dot/55924
https://datahub.cmap.illinois.gov/documents/00ed4fd3aa564d369de5f7f1a26c022f/about

point where the results nearly match observed data. While this might sound like a worthwhile goal,
it is often the case that this level of finepe OURUND WG ¢ T + WY We Wa Yt + WRULWq6 1J LW
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The following sections, divided intarip generation, trip distribution, mode choice, andtravel
assignment, compare various aspects of the model against realvorld measurements.

Trip generation
Household crosstabs

This sectioncomparesq 6 1J LWLaq | ¢ 2 syithHiic fiduséliotds to the 20172021 5year ACS PUMS
data. The households used in the trip generation model are developed during the population
synthesis process within the UrbanSim land use model. Household characteristics are defining
factors used within trip generation to develop daily household productions and attractions, which
are the building blocks for the remainder of the travel model

2¢qceclle!l YW 2dadel RAUDT WnVY!l Waé W 32 130 WH Y®RRpRddHe LR U W9
external area that comprises the remainder of the modeling geography. The PUMS data were
teGdc! RAUDT WaqYWARWHY Ut Rt qUUqlls Rag6 Waq6é JWEYet D6YaOT LW
model (e.g., adults were defined as anyone age 16 amalder).
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differences of less than one percent in most categories. The largest differences between modeled

and observed household characteristics occur in very large or very small household sizes. Figures

16 through 18 below descitbe these differences in more detalil.

Figure16 compares households by number of adults and children. The single largest categories are
/M Adult, 0 Childrenshouseholds and/®2 Adult, 0 Childrensthouseholds within CMARK seven
counties, which combined represent nearly half of the total households in the model. The model
slightly underrepresents/d Adult, 0 Childrensshouseholds (by 1.4 percentage points) but matches
the share of /2 Adult, 0 Childrenthouseholds almost exactly. All other categories show a close
correlation between the modeled and observed data.



Figure 16. Share of households by number of adults and children
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Figure17 compares households by number of adults and workers. The largest category/g Adult,
2 Workd households in the CMAP seven counitesand the modeled share of total households
nearly matches the observed share exactlyThe model slightly underrepresents both categories of
M Adultthouseholds in the CMAP area and overrepresents households with at leasiur adults
and at leastthree workers in the seven counties Overall, the modeled data closely matches the

PUMS data.



Figure 17. Share of households by number of adults and workers
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Figure18 compares households by number of workers and household income categorjhese
reflect the income categories listed inTable30. Overall, the modeled households reflect the
observed data Within the CMAP seven countiesthe model slightly underpredicts the share ofd
Workemthouseholds for all but the lowest incomecategory andoverpredicts the share of



households with at leastthree workers in the highest income category by aroundne percentage
point.

Figure 18. Share of households by number of workers and income category
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Vehicle availability crosstabs

Household vehicle ownershipGi ¢ ! + W UWRGGYI q¢ Uql YO WWRU W6 WG YT
destination choice calculations. This section provides a comparison of vehicles available to

synthetic households in the travel demand model to the 2012021 5year ACS PUMS dattor

vehicle ownership per household

Overall, the travel model data exhibits the same pattern as the PUMS datéigure19 below shows
the share oftotal households in both CMAR &even-county and the external areaby number of
vehicles available and adults per householdHouseholds with 2 adults and 2 vehicles make up the
largest share of households in the ftounty region (20percent for both the PUMS data and the
CMAP model data).The second largest group is households with adult and 1 vehicle in the 7
county region, whichthe travel model slightly underestimates.

Figure 19. Household share by number of vehicles and adults
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Figure20illustrates the share of total households by number of vehiclesand number of workers

The model shows a pattern that closely matches the observed data. The two largest categories are
1 vehicle-1 worker and 2 vehicles2 workers in the 7 county region. The discrepancies between the
modeled and observed data for these categories are less #m one percentage point.



Figure 20. Household share by number of vehicles and workers
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Figure21 showsthe share of total households by number of vehicles and household income
category. Comparing households based on thee attributes, the largest model overestimation
occurs in the two-vehicle categoryin the highest income level for both the CMABeven-county and
external areas. Overall, the model data support the general pattern reflected in the PUMS data.

Figure 21. Household share by number of vehicles and income category
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Trip rates versus the NHTS

Once household information is imported and processedthe trip generation model converts
household data into individual trips.To verify the reasonableness athe number of trips generated
in the CMAP travel demand modeldata are compared to the 2017 National Household Travel
Survey(NHTS) The NHTS datdave beenprocessed to maketrip purpose definitions as
comparable to the CMAP model definitions as possiblgand trips with a primary purposeof
rehange moderor /serve passengerhave beenlinked with the following trip.

Table89 displays average household trip rates in the model and in the 2017 NHTISome-based
shopping tripsand non-home based tripscontain the largest difference between the model and the
NHTS, with a daily trip difference of 0.3 trips per householidr each purpose. Home-based work
and home-based other tripsare within 0.1 trips per household compared to the NHTS.



Table 89. Average household trip rates

Trip purpose CMAP model 2017 NHTS Difference

Home-based work 1.7 1.6 0.1
Home-based shop 0.7 1.0 -0.3
Home-based other 2.9 2.8 0.1
Non-home based 1.9 2.2 -0.3
All trips 7.2 7.6 -04

Table90 providesa trip rate comparison for households with and without teleworkersThe model
data show patternslike the NHTS data: fewer homebased work trips in households with
teleworkers and morehome-based other trip in households with teleworkers.Note that the NHTS
data for home-work trips for households with teleworkers seems a bit questionable. It shows
virtually no difference in the average number of homavork trips for households without
teleworkers, which is counterintuitive and conflicts with other observed data The largest
discrepancy between the model data and the NHT8ata occurs for non-home based tripsin
households with teleworkers, with the model showing a small decrease in values while the NHTS
shows a small increase Non-home based trips are one of the more difficult trip purposes to
estimate because the origin and destination of these trips are both unknown at the beginning of
modeling, while for homebased trips either the origin or destination is the home location. The
model underestimates non-home based trips for households with at least one teleworker by less
than one trip, which is not large enough of a discrepancy to cause concern.

Table 90. Average household trip rates based on the presence of teleworkers

Teleworkers Trip purpose CMAP model 2017 NHTS Difference
Home-based work 1.8 1.6 0.2
Home-based sho 0.7 1.0 -0.3

Households with Y based oth P 28 27 o1

zero teleworkers ome-based other ' ' '
Non-home based 2.0 2.2 -0.2
All trips 7.3 7.5 -0.2

. Home-based work 1.1 1.5 -0.4

Households with at h

least one teleworker Home-based shop 0.9 1.0 -0.1
Home-based other 3.7 3.4 0.3
Non-home based 1.6 2.5 -0.9
All trips 7.3 8.4 -1.1

Employment

In addition to reviewing household data, it is important to look at employment data, another driver
of activity within the trip-based model. Table91 presents a comparison between the work trip
attractions and jobs, and between the employment used as input to the trip generation model and
observed Longitudinal EmployerHousehold Dynamics LEHD) employment. Within the CMAP
region, the 2019 total employment considered by the trip generation model is virtually identical to
the 2019 LEHD regional employment. This is expected given that both are derived from data
provided by the Illinois Department & Employment Security (IDES). The model uses IDES data that
has been improved by CMAP staff tproperly allocate employment inaccurately reported at



headquarters locations totheir actual branch locations. The LEHD data do not reflect these
updates.

If all workers traveledto their jobs each daythe model would produce twoattractions for every joh
since the production-attraction format of the trip data in the model reflects both the hometo-work
and work-to-home trips as ending at workHowever, many people do not go to worlevery daydue
to job schedules, vacations, appointments, illness or a host of other reasonsso the true number
of attractions per job should beless than two. A benchmark of between 1.20 and 1.55 work
attractions per jobis commonly cited as a reasorable rangebased on work from the Florida
Department of Transportation.All counties within the CMAP area have a modeled ratio within the
benchmark rangeand compare reasonably well with the observed ratios, with the largest
discrepancies in Kendall and McHenry counties.

Table 91. Modeled home -based work attractions per observed employee

Employment
Attractions / Attractions / difference
Model input Observed Model input Observed (model T
Attractions employment employment employment employment observed)
Chicago- 2,064,068 1,409,162 1,444,392 1.46 1.43 -2.5%
Cook
Suburban 1,528,962 1,220,829 1,221,801 1.25 1.25 -0.1%
Cook
DuPage 781,790 617,695 639,614 1.27 1.22 -3.6%
Kane 267,367 213,415 218,456 1.25 1.22 -2.4%
Kendall 40,368 32,972 28,366 1.22 1.42 14.0%
Lake 436,010 346,755 334,367 1.26 1.30 3.6%
McHenry 130,675 104,639 93,794 1.25 1.39 10.4%
Will 331,743 267,366 260,203 1.24 1.27 2.7%
CMAP region 5,580,983 4,212,833 4,240,993 1.32 1.32 -0.7%

Sources: LEHD OrigirDestination Employment Statistics (LODES7) data by county, 2019 Workplace Area Characteristics for All
s YA WeHADL T VT W2RE W6 NWhTGUET | Kk WAWGE A ¢ NI

Work from home household analysis

Many workers in the region work from hom#éor one or more days of the workweeHt is important to
accurately model work-from-home behavior snce working from home directly impacs the volume
of traffic on the roadway Observed data was obtained fron2017-2021 5year ACS PUMS data
Work-from-home rates were compared at thevorker level and at the household level. Table 92
shows the modeled share of workfrom-home workers compared to the observed share ofiork-
from-home workers by county.

Table 92. Modeled vs observed share of work from home workers by county

County ‘ Modeled Observed

Cook 0.088 0.026
DuPage 0.106 0.041
Kane 0.076 0.027
Kendall 0.065 0.038
Lake 0.087 0.035
McHenry 0.085 0.035
will 0.076 0.027




Regionally,modeled work-from-home households are3.64 percent higher than is reported in the

observed data. This is expected, because the ACS questionnaire asks survegpondents to

describe theirmba! GRHC O wls YI t 1T ¢! AWG Rt +t RUNDWRUT R2RIT ec¢ it Ws 6
As noted in the trip generation sectionthe CMAP modeprovides a moreholistic accounting of

teleworkers by including thoseworkers who usually work from homegthe PUMSshare) and those

who work from home on a less frequent basis.

Figure22 depicts the differences intelework rates by PUMA. Modeledelework household rates
range from1.4 percentage pointslower than the observed rateup to 10.2 percentage points higher
than the observed rate While the PUMS datatends to slightly underestimate work-from-home
households due to its morelimited definition of teleworkers, most PUMASs have a modeled rate that
falls within 5 percentage pointsof the observedshare.

Figure 22. Modeled versus observed household work -from -home rates, 2019
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Trip distribution
Home-based work trip distances

After trips are generated, the travel model determinesvhere and how individual trips are
distributed throughout the region.Table 93 compares averagework trip distances in the travel
model against 20172021 ACSCTPP data, sortedy county of residence.Modeled roadway
distances were applied to CTPRract-to-tract trip flows to estimate the distance traveled on the
transportation network. Regionwide the model underestimateswork trip distances from most
counties by about 485 miles.

Table 93. Average work trip distances (miles) by residence county

County Modeled ‘ Observed

Cook 9.32 13.55
DuPage 11.18 14.77
Kane 12.44 17.42
Kendall 15.60 22.57
Lake 11.60 16.96
McHenry 13.52 19.60
Wwill 13.77 19.87
CMAP Region 10.69 15.54

Figure23 displays the comparison between modeled and observedvork trip distancesby TAZ.
Overall, modeled distances from trips originating within the MPAtend to match more closely to
observed data compared todistances from trips originating outside the MPA.



Figure 23. Difference in average work trip distance

Figure 24 illustrates observed versus modeled trip distances by travel mod&or SOV and HOV
modes, the model tends to assign shorter work trip distances compared to observed data. For
transit trips, trip distances match relatively wellwith observed data.










































