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The Chicago Metropolitan Agency For Planning (CMAP) supports local planning through its
technical, data, and intergovernmental resources. The work CMAP does improves the quality of
the region's water, makes the transportation system safer and more efficient, revitalizes
communities, and spurs economic development. As the federally designated Metropolitan
Planning Organization (MPO) for the Chicago metropolitan area, CMAP is responsible for
preparing a Metropolitan Transportation Plan. This plan must identify how the metropolitan area
will manage and operate a multi-modal transportation system (including transit, highway,
bicycle, pedestrian, and accessible transportation) to meet the region’s economic,
transportation, development, and sustainability goals — among others — for a 20+-year planning
horizon, while remaining fiscally constrained.

In order to conduct regional transportation planning and project and policy development, CMAP
maintains two regional transportation models: a trip-based model and an activity-based model.
These models are used to estimate demand for transportation infrastructure, assess the
benefits of various transportation policies and investments, and plan for the future. They are
based upon observed travel patterns and a representation of the transportation network and
associated variables that influence travel such as the cost of operating an automobile, transit
fare, parking cost, and so on.

In 2020, CMAP sought consultant assistance to update the activity-based travel demand model
and convert the ABM from the CT-RAMP framework to the Python-based ActivitySim
framework, and from the three-zone system to the two-zone system for transit representation. A
synthetic population is created that represents the real population as closely as possible without
personally identifiable information, and travel decisions are made for each household and
person in the synthetic population.

RSG implemented the CMAP activity-based model in the ActivitySim framework (referred to as
CMAP ActivitySim ABM subsequently to differentiate it from CMAP CT-RAMP ABM) by
transferring the model originally designed for the Southeast Michigan (Detroit) area to the
CMAP region, with minimal changes to the model structure. RSG prepared observed data in
ActivitySim format so that it could be compared to model results in order to assess goodness-of-
fits. RSG re-estimated the auto ownership model and tour mode choice models, and calibrated
the model system to observed data.

The project team enhanced the CMAP ActivitySim activity-based model in several ways:

e Conversion of Emme macros to Python using the Emme API and reduction of transit
skimming and assignment periods to improve runtime.



e Microzone representation of space: Micro analysis zones (MAZs) are a much smaller
spatial unit than TAZs. There are 17,418 internal MAZs in the CMAP model, compared
to 3,632 internal TAZs. CMAP created a new synthetic population for 2019, with
households located at the MAZ level, as well as an updated MAZ land-use input file.

o Implementation of a work-from-home model and telecommute frequency model and
revision to downstream models to capture the effects of telecommute frequency on the
generation of travel. This model will allow CMAP to properly account for workers who
regularly work from home, or who choose to telecommute instead of travel to their
regular out-of-home workplace, in the model system. It will also allow CMAP to more
easily adjust the model system to account for changes in work travel patterns in a post-
COVID world.

e Moving the Work from home (WFH) model before the workplace location provides a
more logical decision-making process because people who WFH do not need to choose
a workplace location. The total accessibility to all employment using a weighted average
of peak auto, peak transit and non-motorized is used for accessibility.

e Implementation of consistent value of time bins in both auto and transit skimming
procedures.

e The new simulation-based worker constraint algorithm provides a more efficient and
accurate way to assign workers to zones by using (scaled) total employment and
enrollment as targets for work and school location choice instead of scaled size term,
and by only re-simulating workers assigned to zones where modeled workers is greater
than scaled employment target (instead of re-simulating every single worker)

e The new trip scheduling method uses the number of time periods remaining on a tour so
it will not choose a departure time before the departure time of a previous trip and fail. In
addition, the probability tables are created from survey data from four different agencies
to reduce the lumpiness of the survey data.

This report summarizes the final model system. It includes sections on data development,

model design, and model estimation. A companion report, CMAP ActivitySim Activity-Based
Model Calibration and Validation Report, RSG, describes model calibration and validation.
There is also a model user guide, CMAP ActivitySim Activity-Based Model User Guide, RSG, for
setting up and running the model.



There are two kinds of data used to develop the CMAP ActivitySim ABM; model inputs and
observed data. Model inputs include transportation networks, the zone system and associated
land-use data, a synthetic population, and various parameters used for transportation network
calculations or the demand models. Observed data used for model development includes
household travel survey data and transit on-board survey data. Traffic counts and transit
boarding data are also used to help refine model calibration. This section of the report describes
the development of model inputs; the next section describes observed data.

ZONE SYSTEM

There are two zone systems used by the CMAP ActivitySim ABM: Transportation Analysis
Zones (TAZs) and Micro-Analysis Zones (MAZs). TAZs are used to generate network level-of-
service matrices, also known as skims. The 3649 TAZs (including 3632 internal zones and 17
external stations) used in the CMAP ActivitySim ABM were adopted directly from the CMAP trip-
based model with no adjustments or modifications. MAZs are used to represent non-motorized
times in the model, such as walking to/from transit stops and distances for walk and bike
modes. A new MAZ layer was developed specifically for use in the ABM. There are 17418
internal MAZs in the CMAP model system, as shown in Figure 2-1. Figure 2-2 shows a close-up
view in the Chicago central business district (CBD). The zone systems are used in the
specification of input land-use data and in the calculation of transportation level of services
matrices, also known as 'skims'. These datasets are described in more detail below. All trip
ends in ActivitySim output files are identified at the lowest level of geography (i.e., MAZS).



FIGURE 2-1: MAZ LAYER
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FIGURE 2-2: MAZ LAYER, CHICAGO CBD
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2.2 LAND-USE DATA

Zonal data is a key input to ActivitySim since zonal data provides information on the opportunity
to engage in out-of-home activities in each zone. All zonal data is provided at the MAZ level in
SubZoneData.csv. Attributes are shown in Table 2-1.

TABLE 2-1: LAND USE DATA TABLE

Field Description
subzone MAZ identifier number
zone TAZ identifier number




Field
construc
manufac
tcu
wholesl
retail

fire
service
private
govt

agnr
emp

pop

hshid
univ
acres
otheremp
district
PARKTOT
PARKLNG
PROPFREE
PARKRATE
areatype
county
cbdflag

highschool

gradeschool
naicsl1
naics21
naics22
naics23
naics31_33
naics42
naics44_45
naics48_49
naics51
naics52

Description

Construction employment

Manufacturing employment
Transportation, Communication, Utilities employment
Wholesale employment

Retail employment

Fire employment

Service employment

Total non-government employment
Government employment

Agriculture and natural resources employment
Total employment

Total population

Total households

University enrollment

Total acres

other employment

Numeric district identifier

Total parking spaces

Long term parking spaces

Proportion of parking spaces that are free
Parking cost (2019 dollars per hour)
Numeric area type identifier

Numeric county identifier

CBD identifier

Grade school code - public school district codes assigned by the

National Center for Education Statistics

Grade school code - public school district codes assigned by the

National Center for Education Statistics
NAICS 11 Employment
NAICS 21 Employment
NAICS 22 Employment
NAICS 23 Employment
NAICS 31_33 Employment
NAICS 42 Employment
NAICS 44 45 Employment
NAICS 48_49 Employment
NAICS 51 Employment
NAICS 52 Employment
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Field
naics53
naics54
naics55
naics56
naics61
naics62
naics71
naics72
naics81
naics92
naics99
k8_enroll
highschool_enroll
small_coll
Ig_college
b_hhden
b_empden
pef

RING

TRANSPORTATION NETWORKS

The transportation networks used in the 2019 CMAP ActivitySim ABM are mostly consistent
with the 2019 CMAP trip-based model. The networks use a planning-level representation of the
auto and transit routes in the CMAP ActivitySim ABM modeling region, consisting of 21

counties:

e lllinois counties in the seven-county CMAP region: Cook, DuPage, Kane, Kendall, Lake,
McHenry, and Will;

e lllinois counties not in the seven-county CMAP region: Boone, DeKalb, Grundy, LaSalle
(part of), Lee (part of), Ogle (part of), Kankakee, and Winnebago;

Description

NAICS 53 Employment
NAICS 54 Employment
NAICS 55 Employment
NAICS 56 Employment
NAICS 61 Employment
NAICS 62 Employment
NAICS 71 Employment
NAICS 72 Employment
NAICS 81 Employment
NAICS 92 Employment
NAICS 99 Employment

Kindergarten to grade 8 enrollment

High school enroliment
Small College enrollment
Large college enrollment

Buffered household density
Buffered employment density
Walkability measure for the zone

Area ring code

e |ndiana counties: Lake, Porter, and LaPorte; and

e Wisconsin counties: Kenosha, Racine, and Walworth.

CMAP ActivitySim ABM'’s highway system includes all freeway and arterial roads, along with all
local roads within the CBD. The transit networks were coded to represent 2019 conditions,
generally consistent with the transit on-board survey used for model development.

11



Figure 2-3 shows the auto network representation for the entire region, and Figure 2-4 shows a
close-up in Chicago CBD. The auto network in the region covers approximately 3,000 miles of
freeway and ramps, and 31,000 miles of arterials. Local roads are generally not included and
are represented by centroid connectors. The major freeways going through the region are 1-55,
I-57, 1-80, 1-88, 1-90, 1-94, 1-190, 1-290, 1-294, 1-355, and 1-390.

FIGURE 2-3: AUTO NETWORK
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FIGURE 2-4: AUTO NETWORK, CHICAGO CBD
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The transit route layer for the region is shown in Figure 2-5. Figure 2-6 shows a close-up in the
City of Chicago. The following transit operators are represented:

Chicago Transit Authority, operating a fleet of over 1,800 buses on more than 100 bus
routes, and 8 rail lines largely within the City of Chicago, with some additional and
limited service to nearby cities. The base-year cash fare is $2.25 for CTA bus, and $2.50
for CTA ralil.

Pace, operating over 200 bus routes in Cook, Lake, Will, Kane, McHenry, and DuPage
Counties, with service between Cook and suburban counites, and between suburban
counties. The base-year cash fare for Pace is $2.25 for regular routes, and $4.50 for
premium routes.

13



e Metra, operating the commuter rail system of 11 rail lines between suburban counties
and downtown Chicago. The base-year cash fare starts at $4.00 and follows a zonal fare
system of up $9.50 for a one-way cash fare.

e The South Shore Line interurban commuter rail, operating between downtown Chicago
and South Bend, Indiana. The base-year cash fare is similar to Metra, starting at $4.00
and following a zonal fare system.

Transit routes are coded as CTA local bus, CTA express bus, Pace local/regular bus, Pace
express bus, CTA rail, and Metra rail. Cash fares are coded in Emme for each non-Metra route.
For Metra routes, since there isn’t a transit pass ownership model to account for discounted
monthly fare, the Zone A monthly pass cost divided by 40 (assuming minimum 20 workdays in a
month) was coded as the Metra boarding fare. The monthly incremental fare to upgrade to the
next zone divided by 40 is coded as a link fare for Metra links crossing zone boundaries.

FIGURE 2-5: TRANSIT NETWORK
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FIGURE 2-6: TRANSIT NETWORK, CITY OF CHICAGO
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The CMAP ActivitySim ABM also benefits from the all-streets network. The all-streets network is
used for three purposes:
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1) Finding walk times and distances between close-together microzones. In ActivitySim,
walk mode is allowed if the distance is less than 3 miles. A shortest-path calculation by
distance is used to calculate these times after excluding freeways and freeway ramps.
These times are calculated by a Python script (cmap_maz_stop.py) and written to a text
file (maz_to_maz_walk.csv) that is read by ActivitySim and used instead of TAZ-TAZ
distance skims for the walk mode utility calculations in mode choice.

2) Finding bike times and distances between close-together microzones. In ActivitySim,
bike mode is allowed if the distance is less than 8 miles. A shortest-path calculation by
distance is used to calculate these times after excluding freeways and freeway ramps.
These times are calculated by a Python script (cmap_maz_stop.py) and written to a text
file (maz_to_maz_bike.csv) that is read by ActivitySim and used instead of TAZ-TAZ
distance skims for the bike mode utility calculations in mode choice.

3) Finding walk times between microzones and transit stops. A shortest-path calculation by
distance is used to calculate these times after excluding freeways and freeway ramps.
These times are calculated by a Python script (cmap_maz_stop.py) and appended to the
land_use.csv text file that is read by ActivitySim and used instead of skimmed transit
walk access and walk egress times for transit utility calculations. There are four walk-to-
stop times calculated: walk to local bus, walk to express bus, walk to CTA rail, and walk
to Metra rail.

The use of this data is described further in the section on transportation skims, below.

TRANSIT AUXILIARY LINK CODING

New transit connectors need to be generated because the new CMAP ActivitySim ABM
differentiates connectors by access mode and not by transit technology (bus or rail). The transit
connectors are generated using the Emme create_connectors tool to connect each TAZ to each
possible transit stop within the maximum access and egress distance described in Table 2-7.
For drive access to PNR and drive egress from PNR, only stops with non-zero parking spaces
(@pspac and @rspac) are allowed.

Transfer (auxiliary) links are used to allow walking between transit stops to connect to a different
transit line. The transfer links, which are saved in the input transit networks, are the same as the
trip-based model, which uses the all-street network in the CBD and straight-line stop-to-stop
connection outside of CBD.

16



2.5 TRANSPORTATION SKIMS

Transportation level-of-service matrices are created at a TAZ level for use in ActivitySim for
each of the eight highway time periods and each of the four unique transit time periods listed in
Table 2-2. To reduce runtime and disk space, transit time periods are combined into four time
periods based on similarity of the service levels among time periods as shown in Table 2-3 and
Table 2-4. Emme is used to create auto and transit skims, described below.

TABLE 2-2: NETWORK SKIMMING AND TIME PERIODS

Highway Period Transit Period Start End Duration (hours)

Night 8:00 P.M. 5:59 A.M. 10
AM Peak 6:00 A.M. 6:59 A.M. 1
AM Peak 7:00 A.M. 8:59 A.M. 2
Midday 9:00 A.M. 9:59 A.M. 1
Midday 10:00 A.M. 1:59 P.M. 4
Midday 2:00 P.M. 3:59 P.M. 2
PM Peak 4:00 P.M. 5:59 P.M. 2
Night 6:00 P.M. 7:59 P.M. 2

17



TABLE 2-3: TOTAL TRANSIT VEHICLE TRIPS PER HOUR BY MODE

Transit Mode NT EA AM MM MD AF PM EV
19 83 67 26 25 35 87 36
53 95 127 91 81 107 118 82
15 36 34 11 9 22 42 19
59 173 233 102 68 124 193 105
215 599 571 384 348 506 580 375
3 23 49 18 14 26 41 13
515 1,199 1,316 931 827 1,267 1,181 846
933 2,208 2,398 1,563 1,371 2,086 2,242 1,476
TABLE 2-4: TOTAL TRANSIT VEHICLE MILES PER HOUR BY MODE

Transit Mode NT EA Y, MM MD AF PM EV
645 2,857 2,097 924 916 1,240 2,886 1,296
1,040 2,014 2,424 1,845 1,432 2,128 2,450 1,674
419 984 814 250 211 636 1,162 385
657 2,011 2,188 1,086 896 1,456 1,894 1,076
2,846 6,741 6,049 4,129 3,802 5686 6,472 3,733
24 115 264 125 104 161 214 86
4,350 10,022 10,410 8,016 7,256 10,373 9,849 7,110
9,982 24,743 24,244 16,374 14,617 21,679 24,926 15,360




Auto skims

Auto skims are created using a generalized cost path that considers both auto travel time and
monetary cost. Units of generalized cost are in minutes. The equation is:

GeneralizedCost = CongestedTimenminutes + 60 * TOLLCOSTs / VO Tg/ne
where:

VOT is value of time in dollars per hour (2019), set to 13.59 $/hour for low-income bin (L),
$28.43/hr for medium-income bin (M), and $75.05/hr for high-income bin (H),
corresponding to the 33, 67", and 95™ percentile of trip VOT from ActivitySim outputs,

TOLLCOST is the toll cost in 2019 dollar, which varies by the vehicle class,

CongestedTime is the time calculated by the link volume-delay function, which calculates a
congested time for each link based on the link capacity and the link volume. The volume
delay function used in auto assignment is given below, and

The volume delay function used in skimming and assignment is a generalized cost delay
function, which is a form of the Bureau of Public Roads (BPR) delay formula with an additive
function reflecting the toll cost of the link. The generalized cost function follows this formulation:

ci(x) =¢.k; +t;. [1 +a (%)ﬁl]

2

where:

¢; = Generalized cost on link i

k; = Dollar cost on link i

¢ = Constant representing the value of time
t; = Free-flow travel time on link |

a = Constant

x; =Flowonlinki

C; = Capacity of link i

B = Constant

For arterial roads, the @ and B constants in the above formula are set to 0.15 and 4,
respectively. Detailed formulations and values of all VDF functions can be found in the CMAP
trip-based model documentation “ON TO 2050 Travel Demand Model Documentation”.

Furthermore, the assignment method used is Emme’s SOLA traffic assignment, and the
assignment convergence criterion is reaching the convergence value of 0.001 for relative gap,
with a maximum number of iterations at 100. The base year model runs between 6 to 38
iterations for highway assignment, with the night period (NT) taking the fewest number of
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iterations to converge, and the a.m. period (AM) taking the most number of iterations to
complete.

Auto skims are shown in Table 2-5. All vehicles are assumed to have a transponder in this
model update. Except for the first auto skim name, SOV_NT_M_FTIME__ MD, each auto skim
name listed include 24 skim matrices: three value-of-time categories (L, M, H) by eight time
periods (NT, EA, AM, MM, MD, AF, PM, EV).

TABLE 2-5: AUTO LEVEL OF SERVICE SKIMS

SOV_TR_M_FTIME__MD Single-occupancy vehicle DriveAlone
with transponder mid-day
medium-income free-flow
travel time skim

SOV_TR {VOT} _TIME__ {PERIOD} Single-occupancy vehicle DriveAlone
with transponder travel time
skim

SOV_TR _{VOT} _DIST__ {PERIOD} Single-occupancy vehicle DriveAlone

with transponder travel
distance skim

SOV_TR_{VOT} TOLLCOST__ {PERIOD} Single-occupancy vehicle DriveAlone
with transponder toll cost
skim

HOV2 {VOT} TIME_{PERIOD} High-occupancy vehicle (2 SharedRide2
occupants) travel time skim

HOV2 _{VOT}_DIST_{PERIOD} High-occupancy vehicle (2 SharedRide2
occupants) travel distance
skim

HOV2_{VOT} TOLLCOST__ {PERIOD} High-occupancy vehicle (2 SharedRide2
occupants) toll cost skim

HOV3_{VOT}_TIME_{PERIOD} High-occupancy vehicle (3+ SharedRide3
occupants) travel time skim

20



HOV3 _{VOT}_DIST_{PERIOD} High-occupancy vehicle (3+ SharedRide3
occupants) travel distance
skim

HOV3 {VOT} TOLLCOST__ {PERIOD} High-occupancy vehicle (3+ SharedRide3
occupants) toll cost skim

Transit Skims

The model uses Emme transit path-finding procedures to skim transit times for each of three
transit access mode: walk to transit, Park-and-Ride (PNR), and Kiss-and-Ride (KNR). For each
value-of-time segmentation (low, medium, high), skims are created for the following
access/egress mode combinations:

e Walk-transit-walk
e PNR-transit-walk
e Walk-transit-PNR
e KNR-transit-walk
o Walk-transit-KNR
There are a total of 15 skim sets for each time period, as shown in Table 2-6.

TABLE 2-6: TRANSIT LEVEL OF SERVICE SKIMS

WALK_L Walk-transit-Walk low value- WALK_TRANSIT
of-time skims

WALK_M Walk-transit-Walk medium WALK_TRANSIT
value-of-time skims

WALK_H Walk-transit-Walk high WALK_TRANSIT
value-of-time skims

PNROUT_L PNR-transit-Walk low value- PNR_TRANSIT
of-time skims

PNROUT_M PNR-transit-Walk medium PNR_TRANSIT
value-of-time skims
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PNROUT_H

PNRIN_L

PNRIN_M

PNRIN_H

KNROUT_L

KNROUT_M

KNROUT_H

KNRIN_L

KNRIN_M

KNRIN_H

By default, Emme's extended transit assignment algorithm is used for skimming. If time periods
are specified in ccr_periods (capacity and crowding restraint variable), capacitated transit
assignment is run for the specified time periods. The parameters used in transit assignment are

PNR-transit-Walk high
value-of-time skims

Walk-transit-PNR low value-
of-time skims

Walk-transit-PNR medium
value-of-time skims

Walk-transit-PNR high
value-of-time skims

KNR-transit-Walk low value-
of-time skims

KNR-transit-Walk medium
value-of-time skims

KNR-transit-Walk high
value-of-time skims

Walk-transit-KNR low value-
of-time skims

Walk-transit-KNR medium
value-of-time skims

Walk-transit-KNR high
value-of-time skims

PNR_TRANSIT

PNR_TRANSIT

PNR_TRANSIT

PNR_TRANSIT

KNR_TRANSIT and
TNC_TRANSIT

KNR_TRANSIT and
TNC_TRANSIT

KNR_TRANSIT and
TNC_TRANSIT

KNR_TRANSIT and
TNC_TRANSIT

KNR_TRANSIT and
TNC_TRANSIT

KNR_TRANSIT and
TNC_TRANSIT

shown in Table 2-7. Walk distances to bus stops are based on the trip-based model

assumption. Walk distances to CTA rail and Metra rail are increased to account for the longer
walk time to higher-order transit compared to local buses. Drive distances by mode were based
on analysis of the transit on-board survey data. Emme does not have the capabilities to set the
maximum number of transfer, so high transfer penalties were used to discourage paths with too
many transfers.
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TABLE 2-7: TRANSIT ASSIGNMENT SETTINGS FOR TRANSIT SKIMS

Parameter

Value of Time — Low
Value of Time — Medium
Value of Time — High
Boarding Fare CTA Bus
Boarding Fare CTA Rail
Boarding Fare Pace Bus
Boarding Fare Pace Premium
Boarding Fare Metra Rail
Transfer Fare (all to Metra)
Transfer Fare (Metra to all)
Transfer Fare (not Pace

Premium to Pace Premium)
Transfer Fare (Pace Premium

to Pace and CTA)
Transfer Fare (all other)
Drive Time Weight

Initial Wait Time Weight
Transfer Wait Time Weight

Walk Time Weight

Max PNR Drive Distance to
bus

Description

Low value-of-time transit riders
Medium value-of-time transit riders
High value-of-time transit riders

Fare value

Fare value (Ventra)

Fare value (Ventra)

Fare value (Ventra)

Fare value (monthly discount applied,
72.5% of one-way fare)

Metra boarding fare

Fare value

Transfer fare

Transfer fare

Transfer fare

Weight for non-transit drive times
(access/egress)

Weight for the first boarding time wait
Weight for the transfer wait time
Weight for non-transit walk times

(access/egress)

Maximum allowable PNR drive
distance to bus stops

23

Value
$13.59/hr
$28.43/hr
$75.05/hr

$2.25
$2.50
$2.00
$4.50
$2.90
$2.90
See boarding
fare above
$2.80
$0.30
$0.25
2.0
1.5
1.5

2.0
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Max PNR Drive Distance to
CTA rail

Max PNR Drive Distance to
Metra Rail

Max KNR Drive Distance
Transfer Penalty Time

Max Effective Wait Time

Min Wait Time

Layover Time

Max Access Time to bus

Max Access Time to CTA Rail
Max Access Time to Metra
Rail

Max Egress Time to bus

Max Egress Time to CTA Rail
Max Egress Time to Metra
Rail

Max Transfer Time

Max Total Cost

Max Walk Access Paths

Maximum allowable PNR drive
distance to CTA rail stations

Maximum allowable PNR drive
distance to Metra rail stations

Maximum allowable KNR drive
distance

Penalty time added for each transfer
Upper limit for effective wait time
Lower limit for wait time

Extra travel time assessed in loop
routes where the path crosses over
the end of the route and continues
onto the beginning of the route
Maximum allowable access walking
time from centroid to bus stop before
the path is disallowed

Maximum allowable access walking
time from centroid to CTA rail station
before the path is disallowed
Maximum allowable access walking
time from centroid to Metra rail station
before the path is disallowed
Maximum allowable egress walking
time from centroid to bus stop before
the path is disallowed

Maximum allowable egress walking
time from centroid to CTA rail station
before the path is disallowed
Maximum allowable egress walking
time from centroid to Metra rail station
before the path is disallowed

Upper limit for the transfer waiting time

Upper limit for total transit cost:
(maximum Metra rail monthly +
CTA/Pace monthly) / 40

The maximum number of different
paths that can be used from the
centroid to the transit stop

24

10

15

15

70

N/A

11

24

24

11

24

24

N/A

$11.48

10



Replacement of Skimmed Walk Time with MAZ Walk Time

The closest walk to local MAZ-stop time is used to replace the skimmed walk time if the
skimmed in-vehicle travel time is only on local (non-express) buses. This approach is also
applied to the walk time to express bus only, CTA rail only, and Metra rail only origin-destination
pairs. If multiple transit modes (among local bus, express bus, CTA rail, and Metra rail) are
used, the minimum of the corresponding walk times is used. This way there is a greater chance
of getting the walk-time consistent with the actual stop used, particularly for rail transit with
longer stop spacings. However, since Emme's transit assignment algorithm is a strategic path-
builder, it is not possible to identify the order of the stops are used on route from the origin zone
to the destination zone in the skim, and it is not possible to control which stop to use for the
access or egress time in the MAZ-stop calculation; therefore, the minimum time is used, based
on the assumption that the traveler will attempt to minimize slower and more onerous walk time
compared to faster in-vehicle times. For example, if a transit trip includes using both CTA rail
and CTA local bus, the walk access time is the minimum of walk to local and walk to CTA rail,
and the walk egress time is also the minimum of walk to local and walk to CTA rail. Essentially,
the algorithm errs on the side of minimizing walk times used in mode choice utility calculations.
It should be noted that transit trips are assigned consistently with the transit skims, that is, from
origin TAZ to destination TAZ.

The method of replacing the skimmed TAZ-TAZ walk-transit time with the MAZ-stop time for the
closest transit stop to the MAZ is referred to above are referred to as the "two-zone"
implementation of ActivitySim.

SYNTHETIC POPULATION

The synthetic population is created in PopulationSim and post-processed for use in ActivitySim.

The outputs of the population synthesis procedure are a household file and a person file. The
attributes of the household file are given in Table 2-8 and attributes of the person file are given
in Table 2-9. The base year synthetic population has 4,094,428 households and 10,360,958
persons.
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TABLE 2-8: SYNTHETIC HOUSEHOLD TABLE

Field
HHID

TAZ

SERIALNO (not used)

PUMADS (not used)
HINC

persons
UNITTYPE (not used)
NOC (not used)

BLDGSZ (not used)
TENURE (not used)

hinccatl (not used)

hhagecat (not used)
hsizecat6 (not used)
hfamily (not used)

hunittype

hNCcat6 (not used)
hwrkcat5 (not used)

hworkers (not used)

VEHICL

Maz

Description

Unique household ID number
Transportation analysis zone
of home location
Housing/Group Quarters
(GQ)Unit Serial Number
Public Use Microdata Area
Code (PUMA)

Household total income in
2019%

Number of persons in the
household

Type of unit

Number children age 00-17 in
household

Size of Building

Home ownership

HH annual income (4
categories)

age of householder
household size category
Household family status
Type of group quarters

household

Number children aged 00-17 in
household

Number in HH employed PT or
FT

Number in HH employed PT or
FT

Number of vehicles available

Micro-analysis zone of home
location
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Scale
Integer, any value

Integer, 1-3632
Integer

Integer

Numeric, dollars in ACS
year

Integer, 1 and up
Integer
Integer, 1 and up

Integer
Integer

Integer

Integer, 1 - under 65; 2 -
65+
Integer,1-1;2-2;3-3;4
-4:5-5:6-6+

Integer, 1 - nonfamily; 2 -
family

Integer, O - non-GQ; 1 -
inst. GQ; 2 - noninst

GQ); 3 - empty housing unit
Integer,0-0;1-1;2-2;3
-3;4-4,5-5+
Integer,0-0;1-1;2-2;3
-3;4-4+

Integer, 1 and up

Integer, 1 - one vehicle; 2 -
two vehicles; 3 - three
vehicles; 4 - four vehicles; 5

- five vehicles; 6 - six or
more vehicles

Integer



TABLE 2-9: SYNTHETIC PERSON TABLE

Field
HHID

PERID

AGE

RELATE (not
used)

ESR

GRADE (not
used)

PNUM (not used)
SEX

WEEKS

HOURS

RACEL1 (not
used)
HISPAN (not
used)

MSP (not used)

Description

Unique household
ID number
Unique person ID
number

Person's age in
years

Relationship

Employment status
recode

School Enrollment:
Grade Level
Attending

Person Sequence
Number

Gender

Weeks worked
during past 12
months

Usual hours worked
per week past 12
months

Race code for the
household
Hispanic or Latino
Origin

Married, Spouse
Present Recode

Scale

Integer, any value
Integer, any value
Integer, 0 and up

Integer

Integer,

0 - N/A (less than 16 years old)

1 - Civilian employed, at work

2 - Civilian employed, with a job but not at work
3 - Unemployed

4 - Armed forces, at work

5 - Armed forces, with a job but not at work

6 - Not in labor force

Integer

Integer

Integer, 1 - male; 2 - female

Integer,

0 - N/A (less than 16 years old/did not work during
the past 12 months)

1 - 50 to 52 weeks worked during past 12 months
2 - 48 to 49 weeks worked during past 12 months
3 - 40 to 47 weeks worked during past 12 months
4 - 27 to 39 weeks worked during past 12 months
5 - 14 to 26 weeks worked during past 12 months
6 - less than 14 weeks worked during past 12
months

Integer,

0 - N/A (less than 16 years old/did not work during
the past 12 months)

01-98 - 1 to 98 usual hours

99 - 99 or more usual hours
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POVERTY (not
used)

EARNS (not
used)

pemploy

pstudent

ptype

EDU (not used)

INDCEN (not
used)

Person ’s Poverty
Status

Person’s Total
Earnings in 2019%

Employment status

Student status

Person type

Education
attainment in years
Industry Census
code

Integer, 1 - employed FT; 2 - employed PT; 3 - not
employed; 4 - under age 16

Integer, 1 - primary or secondary student age 3+;
2 - post-secondary student; 3 - age under 3 or not
a student (from PUMS P.GRADE)

1 - full-time worker;

2 - part-time worker;

3 - university student;

4 - non-working adult;

5 - retirees;

6 - driving-age student;

7 - non driving-age student;

8 - preschooler

Integer
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Survey and census data are needed to build a calibrated, estimated, and validated activity-
based travel model for the CMAP region. The ActivitySim framework upon which the activity-
based travel model is built has specific requirements for data formats and variable definitions.
This chapter describes the processing required to transform the survey and census datasets
into formats required by ActivitySim for model development.

DATA SOURCES

There are three primary sources of data used for model development. First is a household
travel survey (HTS), My Daily Travel, that gathered household characteristics, demographic
information, and full day travel patterns. The HTS conducted in 2019 collected fully day travel
patterns for approximately 25,000 individuals from 12,400 households in the region comprised
of the counties served by the Chicago Metropolitan Agency for Planning (CMAP), and 2,800
individuals from 2,000 households from the three counties served by the Northwestern Indiana
Regional Planning Council (NIRPC).

Second is the transit on-board surveys (OBS) conducted in 2017 and 2019 that capture the
details of a single transit trip for each of the roughly 42,000 surveyed CTA riders with a valid trip,
and roughly 56,000 surveyed Metra riders with a valid trip. The transit on-board survey is
needed to supplement the transit trips captured by the HTS due to the potential sampling bias of
transit riders in HTS, and the lack of university and college students living in group quarters, a
significant portion of transit ridership, in the HTS.

Third is Census data that provides specialty checks and supplemental information to the three
previously listed surveys. For most purposes, the census data is taken from the American
Community Survey (ACS) subsets and provides demographic information in the CMAP region.
2015-2019 data was used since it is the last dataset for which pre-COVID Census data are
available.

HOUSEHOLD TRAVEL SURVEY

Introduction

The primary objective of the 2019 Household Travel Survey (HTS) was to obtain travel behavior
data from residents throughout the CMAP region. The survey collects information about the
household, all members of the household and vehicles owned by household members. The
survey required all household members to record their travel-related details in a 24-hour period.
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Travel details such as activity location, trip purpose, travel mode, activity arrival and departure
times, etc., were recorded.

The 2019 household travel survey is the primary data source used to calibrate and evaluate the
CMAP ActivitySim model. Household, person, tour, and trip level characteristics are pulled from
the HTS and are used to estimate and calibrate models as well as compare to final model
output. Processing of the HTS is done primarily through a Python based Survey Processing
Application (SPA) tool which converts input household, person, and place files into household,
person, tour, and trip files.

2019 HTS Data Format

The 2019 HTS data consists of four files — household, person, place, and location files. The
household file contains all the household-level variables such as household size, number of
vehicles, etc. The person file contains the details of each member listed in the household file,
including details such as person age, employment status, etc. The place file lists the travel
details for each person during the assigned 24-hour period. Each record in this file represents a
location (or place) visited by the associated person. For each place, details such as activity
purpose, arrival and departure time, travel mode, person IDs of travel party members, etc. are
listed and the place matches a location in the location file. The place file in its raw form can be
analyzed in many ways to draw inferences about travel patterns. The location file provides the
geographic location of each unique activity in the place file.

Household, person, tour, and trip weights were provided in the HTS tables. RSG performed
several checks against census data to ensure the expansion weights result in a representative
sample. For example, the number of workers in the CMAP region from weighted HTS is 4.58
million, which matches closely to the 2015-2019 5-yr ACS commuting data that had 4.70 million
resident workers.

Researchers have noted that traditionally, household travel surveys under-represent the
magnitude of travel'. The method for developing under-reporting adjustment factors are
documented in the memorandum “Trip underreporting corrections to CMAP dataset”. All
summaries involving the HTS, including the visualizer and the calibration targets, are weighted
according to this methodology. However, as explained in greater details in the companion model
calibration and validation report, not all models were calibrated to the HTS data with under-
reporting adjustment factors due to over-prediction of highway assignment volumes, so some
models were not calibrated to HTS based on professional judgements and validation against
other data sources.

1 See S Bricka, J Zmud, J Wolf, and J Freedman, Household Travel Surveys with GPS:
An Experiment, Transportation Research Record: Journal of the Transportation Research Board, 2105, 1,
Jan 01, 2009.
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Survey Processing Application (SPA) Tool

The SPA processes the raw survey files into data structures consistent with ActivitySim and
primarily involves the grouping of trips into tours. Input to the SPA tool consists of a household,
person, and place file. Each of these input files need specific variables names to match the
variable definitions in the SPA. A basic R script was used to rename variables in the raw HTS
survey files and produce sequential household and person ID’s. Data from the HTS location file
was also merged with the HTS place file in this R script to be consistent with the SPA input file
format.

Person Type Coding

The SPA first computes person type code according to Table 3-1. It also checks for and
resolves any inconsistencies between the reported purpose and location for work and work-
related activities. Then the process loops through place records to identify tours and linked trips.

TABLE 3-1: PERSON TYPE DEFINITIONS

EMPLOYMENT STUDENT
PERSON TYPE
CATEGORY CATEGORY
1: Full-time worker >=16 Full-time (1) Any
2. Part-time workers >=16 Part-time (2) Not attending (3)
3: University student >=17 Not full-time (2,3) College+ (2)
4: Non-worker >=16 and <=64 No (3) No (3)
5: Retired >=65 No (3) No (3)
6: Student of driving )
>=16 and <=19 Not full-time (2,3) K-12 (1)
age
7: Student of non- i
>=6 and <=15 Not in labor force (4) K-12 (1)

driving age

8: Child too young for i K-12, Not attending
>=0 and <=5 Not in labor force (4)
school (1,3)
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A home-based tour is created for each sequence of place records starting and ending with
“‘Home” as the activity purpose. Work-based tours are created for each sequence of place
records starting and ending with "Work" as the activity purpose. Within each tour, a trip is
created for each pair of place records corresponding to an origin and a destination. A "trip
linking" procedure links change mode activities with previous and subsequent places. Travelers
typically report changing mode at transit stops (from walk or drive to transit, or vice-versa). For
example, an individual that drives their car to a parking lot where they catch a bus to work has
made two trips — the drive from home to the parking lot, and the bus from the parking lot to
work. These two trips are combined to a single linked bus trip with park-and-ride access.

A trip is tagged as a joint trip if any of its constituting legs involves the person travelling with
other household member(s).

Once all place records are processed and corresponding trips and tours are created, the SPA
checks for tours that start before or end after the designated survey period (3am to 3am). Such
tours are tagged as partial tours (which are not modeled) because some of their attributes either
cannot be determined or need to be computed in a manner different from non-partial tours.
Additional attributes are then derived from their constituting trips.

Tour Purpose Coding

To determine the tour purpose, a scoring system is used based on the activities within the tour,
the duration of each activity, and distance of each activity from home. Table 3-2 shows the
scores that are applied to each trip purpose. The scores are found by returning an interpolated
value based on indexing into the table by purpose and by trip duration (TD = stop duration + 2 *
trip duration). The final score is the sum of the interpolated initial score from the table plus an
additional distance term

Distpome
30 1)
where the distance from home is given in miles. The purpose of the trip with the lowest score is
selected as the tour purpose. The idea behind this logic is to choose the purpose of the tour
based on a hierarchy of activities, with mandatory (work and school) activities at the top of the
hierarchy, followed by maintenance (escorting, shopping, and other maintenance) and
discretionary (eating out. social/recreation, and other discretionary) activities. However, the
procedure recognizes that some travelers might construct their activity schedules according to
their own hierarchy of needs, so we provide fuzzy logic rules that consider activity duration and
distance as additional purpose ranking variables, making the assumption that longer and more
distant activities are more important than shorter and closer activities. The rules treat shopping,
maintenance, and other discretionary activities as equivalent in terms of hierarchy, such that the
duration of the activity and the distance from home will control the identification of primary
activity on the tour.

SCOT€finq) = SCOT€¢qple + Max (2 -
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Joint Travel Episodes

Next, the SPA identifies joint travel episodes across household members. Due to the
inconsistency often found in the data reported by different travel participants of a joint travel,
rule-based intelligence is implemented in the SPA to identify and remove errors. The SPA
further derives escort-related attributes (e.g., who is the chauffeur and whether the escorted
individuals are being dropped off or picked up) for each travel group and tags the information to
the associated trips.

Lastly, tours of different household members that contain identical series of joint travel are
tagged as fully joint tours. Tours that contain both joint and non-joint trips are referred to as
partially joint tours. As the last computational step of the SPA, escort related attributes at the trip
level are aggregated to the tour level for partially joint tours.
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TABLE 3-2: TRIP PURPOSE SCORING

PURPOSE SCORE FUNCTION

Code | Description | TD=0 TD=60 TD=120 TD=180 TD=240 TD=300 TD=360 TD=420 TD=480
Work/
1-3, University/
8 4 2 15 1.4 1.3 1.2 11 1
10 School/
Work-related
4 Escorting 8 6 4 35 3.4 3.3 3.2 3.1 3
Shopping/
5,6,9 | Maintenance/ | 10 6 4 35 3.4 3.3 3.2 3.1 3
Discretionary
7 Eat Out 12 7 5 4.5 4.4 4.3 4.2 4.1 4
8 Social/Visit 14 8 6 5.5 5.4 5.3 5.2 5.1 5
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The SPA produces six data tables and three log files for error investigation purposes (see Table
3-3).

TABLE 3-3: SPA OUTPUTS

FILE NAME DESCRIPTION

Households.csv Each row contains the household size of an observed household.

Each row contains selected attributes of an observed person
Persons.csv including age category, person type, employment status, student
status, work and school location, and person weight.

Each row contains attributes derived from an observed person tour,
Tours.csv including tour purpose, mode, participants, origin and destination
locations and times, and transit information if applicable.

Each row contains attributes derived from an observed person linked

Trips.csv .
trip.

Each row contains attributes describing a fully joint tour made by

Unique_joint_tours.csv )
multiple household members.

Each row contains attributes describing a joint trip (unlinked) made by

Unique_joint_ultrips.csv )
multiple household members.

Optional output used for analyzing data errors relating to joint travel
Joint_ultrips.csv episodes. Each row contains selected attributes of an unlinked
person trip that is part of a joint trip.

Text file containing error and warning messages about unresolved

Error log.txt .
—°9 data anomalies.

Text file describing assumptions and recoding made to resolve

Recode_log.txt . ) . i
known data anomalies and inconsistencies.

There are some input attributes, like person and household weights, that are not written to the
SPA output but are required for downstream models. Since the SPA tool preserves person,
household, and place ID’s, these attributes can be merged in later from the SPA input
household, person, and place files.
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HTS data processed with the SPA tool serves as the primary data source for comparing model
outputs and creating calibration targets discussed in the subsequent chapters.

TRANSIT ON-BOARD SURVEY

Introduction

Household travel surveys are generally not representative of regional transit ridership, due to
non-resident university students not being in the target sample, and relatively small transit mode
share in suburban counties. Transit on board surveys (OBS) are used to supplement the transit
data from the HTS and provide a more accurate estimate of the transit ridership market. The
2017 CTA OBS and 2019 Metra OBS provides a good understanding of transit travel in the
region.

On-Board transit Survey processing

The CTA and Metra OBS contains information on the transit trip of the surveyed respondent, as
well as socio-demographic information about the traveler. The travel data includes mode of
access and egress, the location and activity purpose at the trip origin and destination, and the
sequence of transit routes taken for the trip. Socio-demographic data includes age, income,
vehicles owned, and other relevant data.

Processing the OBS data involves coding the data consistent with the ActivitySim design. The
transit mode alternatives in CMAP ActivitySim mode choice does not differentiate transit by
technology or right-of-way (e.g., bus or rail), but has three transit access/egress mode types:
walk, park-and-ride, or kiss-and-ride.

While the survey includes approximately 98,000 respondents with valid transit trip records, the
OBS data is weighted to match the 1.47 million 2019 total daily CTA transit boardings (unlinked
transit trips) and 268,000 Metra boardings in the CMAP region. Linked weight factors are also
included in the OBS to produce the number of total daily CTA linked trips at 1.11 million, and
total daily Metra linked trips at 267,000.

Auto Sufficiency Coding

We created additional derived variables that are needed for ActivitySim calibration targets. First
is auto sufficiency, which is set to 0 for households with no autos, 1 for households that have at
least one auto but where the number of autos is less than the number of workers in the
household, and 2 for households that have at least one auto and where the number of autos is
greater than or equal to the number of household workers. Auto sufficient households have the
largest share of transit ridership, suggesting that there are many choice riders in the region, as
shown in Figure 3-1.
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FIGURE 3-1: TRANSIT RIDER BY AUTO SUFFICIENCY
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Trip Purpose Coding

Next, origin and destination trip purposes are mapped from survey answers to trip purposes
defined in ActivitySim. All purposes in the survey used a one-to-one match except medical, work
related, and personal business purposes were grouped into ‘Other Maintenance’. A hierarchy
was then used to infer tour purpose from origin and destination trip purposes (Table 3-4). For
example, if an individual reports a trip with an origin purpose of shopping and a destination
purpose of university, that trip gets assigned a tour purpose of university since it is higher in the
hierarchy.

37



TABLE 3-4: OBTS TOUR PURPOSE HIERARCHY

ORIGIN PURPOSE CONJUNCTION DESTINATION PURPOSE TOUR PURPOSE

Work AND Work At Work
Work OR Work Work
University OR University University
School OR School School
Maintenance OR Maintenance Maintenance
Discretionary OR Discretionary Discretionary
Eat Out OR Eat Out Eat Out
Destination
Home AND Not Home
Purpose
Not Home AND Home Origin Purpose
Home AND Home Discretionary
Destination
Other AND Other
Purpose

Tour Mode Coding

Next, we define tour mode based on the reported access / egress mode of the linked trip.
Available tour modes are walk to transit, park-and-ride to transit, kiss-and-ride to transit, and
Transportation Networking Companies (TNC) to transit. We also analyzed access and egress
mode and found that 1.2% of riders access transit via (TNCs), so we included TNC as a
separate access or egress mode in the ActivitySim. Table 3-5 and Table 3-6 show how the
survey answers were mapped to tour mode. After mapping origin and destination modes, the
tour mode was selected based on the hierarchy PNR > KNR > TNC > Walk. Bike to transit was
coded as “Walk” because the access/egress distances for Bike to transit more closely matched
the distribution of Walk than KNR.
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TABLE 3-5: CTA ACCESS AND EGRESS MODE MAPPING

SURVEY RESPONSE MODE ACEESSEERES
MODE
Walked Walk
Metra train Walk
Pace bus Walk
Wheelchair Walk
Other Walk
Drove alone and parked Park-and-Ride
Carpool/vanpool Park-and-Ride
Got in a parked vehicle and drove alone Park-and-Ride
Was dropped off by friend/family in a car Kiss-and-Ride
Was picked up by friend/family in a car Kiss-and-Ride
Biked on own bike Kiss-and-Ride
Divvy bike share Kiss-and-Ride
Taxi Kiss-and-Ride
Uber, Lyft, etc. TNC-and-Ride
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TABLE 3-6: METRA ACCESS AND EGRESS MODE MAPPING

SURVEY RESPONSE MODE ACCESS / EGRESS MODE

(1) walk Walk
(6) Pace bus Walk
(7) CTA bus Walk
(8) Rapid transit Walk
(9) Transferred from another Metra train Walk

(15-17) No answer on form, multiple

answers, other Walk
(2) Drove alone Park-and-Ride
(4) Carpooled as driver Park-and-Ride
(5) Carpooled as passenger Park-and-Ride
(3) Got dropped off Kiss-and-Ride
(10) Taxi Kiss-and-Ride
(12) Private shuttle Kiss-and-Ride
(13) Shared Bicycle Kiss-and-Ride
(14) Bicycle Kiss-and-Ride
(11) Rideshare (Lyft / Uber / Via) TNC-and-Ride

The access / egress mode share for each of these transit types is shown in Figure 3-2.
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FIGURE 3-2: TRANSIT ACCESS AND EGRESS MODE SHARE BY OPERATOR
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3.4 CREATING CALIBRATION TARGETS

We develop calibration targets for tour and trip mode choice using the HTS and OBS. Tour
mode choice targets consist of the number of tours by tour purpose, tour mode, and auto
sufficiency. Trip mode choice targets consist of the number of trips by tour purpose, tour mode,
and trip mode. The general strategy for developing the calibration targets is to use the initial
distribution from the HTS and replace the transit portion with the more accurate OBS. Table 3-7
shows the number of raw and weighted counts for each survey source by tour mode. Note that
the raw OBS dataset has more PNR-to-transit than walk-to-transit because the Metra OBS has
a much larger sampling rate than the CTA OBS.

TABLE 3-7: LINKED TRANSIT TRIPS IN EACH SURVEY

TOURMODE "Gl wegnren  OBSRAW  yegires
WALK-

TRANSIT 8,603 1,757,305 66,119 1,126,799
PNR-TRANSIT 1,351 220,176 66,340 213,770
KNR-TRANSIT 634 145,621 20,002 106,036
TNC-TRANSIT 37 7,108 2,367 17,759

All 10,625 2,130,210 154,828 1,464,364

The generation of calibration targets begins with grouping tour modes in the surveys into the
following categories: work, university, school, at work, individual discretionary, individual
maintenance, joint discretionary, and joint maintenance. The OBS did not ask whether a trip
was made with other members of the household, so the individual discretionary and
maintenance purposes for the OBS were divided according to the split seen in the HTS between
individual and joint purposes.

Next, cross-tabulations of HTS tours by tour mode and auto sufficiency are generated for each
tour purpose. Transit tours in these cross-tabulations are replaced by the tours from the OBS
since the OBS has more accurate transit counts. OBS trips are converted to tours by dividing by
the transit trips per transit tour rate from the HTS. Walk transit trips per tour from the HTS is
2.14. PNR/KNR/TNC-to-transit trips per tours were lower than 2, so 2 trips per tours were
asserted to find the drive transit tours since intermediate stops are not allowed on drive-transit
tours in the model. The same transit trip per tour rates were used for all tour purposes. Table
3-8 shows the number of tours stratified by tour mode and auto sufficiency for all purposes after
substituting the OBS transit tours into the HTS distribution.
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TABLE 3-8: TOUR MODE BY AUTO SUFFICIENCY FOR ALL PURPOSES

TOUR MODE AUTO SUFFICIENCY

0 1 2 All
DRIVEALONE 25,817 358,784 4,534,743 4,919,343
SHARED2 45,509 294,817 2,389,273 2,729,599
SHARED3 47,415 220,679 1,794,385 2,062,479
WALK 246,925 187,291 781,502 1,215,717
BIKE 35,987 36,509 85,561 158,057
WALK-TRANSIT 188,224 132,574 205,672 526,471
PNR-TRANSIT 2,472 9,779 94,634 106,885
KNR-TRANSIT 7,012 13,122 32,884 53,018
TNC-TRANSIT 2,511 1,840 4,528 8,879
TAXI 10,736 7,655 35,479 53,870
TNC-SINGLE 19,618 19,956 35,526 75,100
TNC-SHARED 16,666 6,607 17,997 41,269
SCHOOLBUS 15,083 40,293 363,663 419,038
All 663,975 1,329,906 10,375,847 12,369,725

Trip mode choice calibration targets are generated in much the same way. First, cross
tabulations of linked trip mode and tour mode are produced for each tour purpose. Transit
modes are then replaced by the transit trips from OBS.

When performing the tour and trip mode choice calibration, the joint discretionary and joint
maintenance purposes are combined to form a single joint purpose to match the specifications
of the tour and trip mode choice ActivitySim model coefficients. Certain trip modes are
disallowed on tour modes, according to the trip mode to tour mode correspondence table, as
shown in Table 3-9. Such combinations of trips are typically only observed for a very small
portion of the overall demand. For example, drive-alone is disallowed on transit tours, since this
mode combination occurs very infrequently. These trips are removed from the calibration targets
and the other trip modes are scaled up to compensate.

One final scaling step is performed to match the trip and tour mode choice calibration target
totals to the model output total trips and tours. Scaling is again done such that the number of
transit tours and trips remains the same as what is provided from the OBS. Further changes to
the model specification would involve the appropriate changes to the calibration targets.

Once tour and trip mode choice calibration targets are generated, the tour and trip mode choice
ActivitySim models can be calibrated. Model output is then compared back to the calibration
targets using the visualizer described in the next chapter.
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TABLE 3-9: TRIPS BY LINKED TRIP MODE AND TOUR MODE FOR ALL PURPOSES

DRIVEALONE SHARED2 SHARED3  WALK BIKE T‘g:l\ll-gl-T TRP I-I\\II\TS-IT T:I:\':;IT TRT :'NC;IT TAXI 5|T|\|1\|GCLE SI:II-XII;:I;D SCHOOLBUS All
DRIVEALONE 13,144,014 2,230,223 890,997 0 0 0 0 0 0 0 0 0 0 16,265,234
SHARED2 0 5,761,210 1,042,016 0 0 0 0 0 0 23,389 13,527 7,648 112,071 6,959,861
SHARED3 0 0 4,019,303 0 0 0 0 0 0 7,866 9,395 1,976 101,340 4,139,880
WALK 177,343 165,901 141,405 2,600,302 0 327,786 0 0 0 6,379 52,377 18,249 32,468 3,522,210
BIKE 0 0 0 0 376,850 0 0 0 0 0 0 0 0 376,850
WALK-TRANSIT 0 0 0 0 0 1,126,799 0 0 0 0 0 0 0 1,126,799
PNR-TRANSIT 0 0 0 0 0 0 213,770 0 0 0 0 0 0 213,770
KNR-TRANSIT 0 0 0 0 0 0 0 106,036 0 0 0 0 0 106,036
TNC-TRANSIT 0 0 0 0 0 0 0 0 17,759 0 0 0 0 17,759
TAXI 0 0 0 0 0 9,361 477 763 1,317 99,210 8,998 936 2,784 123,846
TNC-REG 0 0 0 0 0 21,478 1,336 2,578 2,294 0 117,157 21,985 0 166,827
TNC-SHARED 0 0 0 0 0 12,711 68 2,690 0 0 0 62,749 0 78,218
SCHOOLBUS 0 0 0 0 0 0 0 0 0 0 0 0 743,451 743,451
All 13,321,357 8,157,334 6,093,721 2,600,302 376,850 1,498,135 215651 112,067 21,369 136,844 201,454 113,543 992,114 33,840,741
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VISUALIZER

Introduction

RSG developed a visualization tool to compare ActivitySim model outputs to observed survey
and census data. Traditionally, spreadsheets have been used to create estimated versus
observed summaries and perform comparative analysis. The use of spreadsheets involves a lot
of copying and pasting and is error prone. Activity-based models consist of many sub-models
which makes the use of spreadsheets very cumbersome. A tool which organizes all the
summaries in one place and can run automatically without much manual intervention is highly
desirable in this situation. We developed the Visualizer Tool with this goal in mind.

The tool can compare model performance against a household survey as part of a validation
exercise or compare two model runs for sensitivity testing. A variety of visual elements such as
bar charts, histograms, density plots, scatter plots, pie charts, dials, data tables, etc. are created
and available in an HTML dashboard.

While the survey and census data need to be processed only once, the ActivitySim output must
be processed every time the model changes. Thus, the Visualizer tool also includes running
scripts that summarize the ActivitySim output and survey data into csv files that can be read by
the Visualizer to create the comparison plots.

Visualizer Summaries
Visualizer summaries can be grouped into four major categories:
o Overview
o Long Term
o Tour Level
o Trip Level

The subsequent sections discuss these summaries in more detail. Note that the discussion in
these sections is limited to the form of summaries, their definition/purpose, and if any special
processing is performed.

Overview

This category summarizes some general statistics for the model region. Table 3-10 presents a
list of the summaries available in this category.
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TABLE 3-10: OVERVIEW SUMMARIES

SUMMARY DEFINITION

Population Total number of persons in the CMAP region
Households Total number of households

Total Tours Total number of tours

Total Trips Total number of trips

Total Stops Total number of intermediate stops made on tours

Total vehicle miles travelled (in miles) by converted person trips into

Total VMT vehicle trips and multiplied by trip distance
Tours Per Person Total tours divided by total persons

Trips Per Person Total trips divided by total persons

Stops Per Person Total stops divided by total persons

Trips Per Households Total trips divided by total households
Person Type Distribution Number of persons by person type

Household Size Distribution  Number of households by household size

These summaries provide a look into aggregate travel behavior in the region. Regionwide
vehicle-miles travelled (VMT) is calculated by first converting person trips into vehicle trips using
occupancy factors of 1, 2, and 3.33 for drive-alone, shared-ride 2, and shared-ride 3+
respectively, and then multiplying them with their respective trip distances.

Long Term Summary

Long term summaries (Table 3-11) are prepared to examine the long-term choices in
ActivitySim. The long-term choices include household auto ownership, telecommute frequency,
work from home, and mandatory (work, university, and school) tour destinations. The mandatory
trip lengths for the trip length frequency distribution (TLFD) is calculated as the distance
between home and the mandatory activity location. The commuter flow summaries examine the
movement (flow) of workers from residence county to the work county and is compared to the
commuting flows from the most recent census commuting flow data available (ACS 2015-2019).
The flow of workers is a useful summary in understanding the distribution of mandatory travel in
the region. Long term summaries also include average trip lengths for the three mandatory
location choices by home district.
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For some of the longer-term models such as auto ownership, data was obtained from the
Census American Community Survey (ACS) 5 Year 2015-19 database instead of the HTS.
Using the 2015-2019 ACS data provides significant statistics and complements well with the

2019 HTS.

TABLE 3-11: LONG TERM SUMMARIES

SUMMARY DEFINITION

Long Term Models

Auto Ownership

Number of vehicles per household. It uses Census ACS 2015-19
instead of HTS for validation

Telecommute Frequency

Number of telecommuting days per week

Work-from-home

Percent of workers who work from home by County

Mandatory TLFD
Work Distribution of workers by distance between home and usual workplace
) ) Distribution of university going students by distance between home and
University . .
university
School Distribution of school going students by distance between home and

school

Flows & Tour Lengths

County-County Flows of
Workers

Number of workers by home county and usual workplace county. It
uses Census ACS 2015-19 instead of HTS for validation

Average Mandatory Tour
Lengths

Average distance between home and mandatory (work, university, and
school) location by home district

Work Tours

Tour Production
Comparison

Work tour production by County

Tour Attraction
Comparison

Work tour attraction by County
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Interactive plot showing the percentage of zero auto households
between the model and census at census tract level. It uses Census
ACS 2015-19 instead of HTS for validation

Zero Auto Households

Tour Level Summary

Tour level summaries (Table 3-12) are created to examine tour generation in ActivitySim. The
HTS data is transformed into various summaries including tour summaries, joint tours,
destination, TOD, and tour mode. The first three sets of summaries examine the magnitude of
travel in the region, whereas the next two explore spatial and temporal behavior of travel.

TABLE 3-12: TOUR LEVEL SUMMARIES

SUMMARY DEFINITION

Tour Summaries

Daily Activity Pattern
(DAP)

Percentage of persons by their daily activity pattern (M: mandatory, N:
non-mandatory, and H: at-home). Available by person type.

Percentage of
Households with a Joint
Tour

Percentage of households with a joint tour by household size

Mandatory Tour
Frequency

Percentage of persons by mandatory activity type (1 work, 2 work, 1
school, 2 school, and >1 work & >1 school). Only persons with DAP as M
are included. Available by person type.

Total Tour Rate (only
active Persons)

Tours per person by person type (for only persons with at least one out-
home activity). Includes joint tours as well.

Persons by Individual
Non-Mandatory Tours
(by person type)

Percentage of persons with number of non-mandatory tours (0, 1, 2, 3+).
Available by person type.

Joint Tours

Joint Tour Frequency

Frequency (percentage) of households by number of joint tours

Joint Tour Composition

Frequency (percentage) of tours by composition (adults only, children
only, and mixed)

Joint Tours by Number
of Household Members

Frequency (percentage) of joint tours by the number of household
member participating
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SUMMARY DEFINITION

Joint Tours by
Household Size

Frequency (percentage) of households by household size and the
number of joint tours per household

Party Size Distribution
by Joint Tour
Composition

Frequency (percentage) of joint tours by party size and tour composition.

Destination

Non-Mandatory Tour
Length Distribution

Distribution of half-tours by distance between tour origin and destination
for each non-mandatory purpose

Average Non-Mandatory
Tour Lengths (Miles)

Average half-tour lengths between origin and destination by non-
mandatory tour purpose

TOD

Tour Departure-Arrival
Profile

Distribution of tours by departure time (time leaving home or work) and
arrival time (time arriving back at home or work) in half-hour time bins.
Available by tour purpose. Distribution of tour duration (includes travel
and time spent at the primary destination and all intermediate stops) is
also available.

Tour Aggregate
Departure-Arrival Profile

Distribution of tours by departure time and arrival time in eight model time
periods

Tour Mode

Tour Mode Choice

Distribution of tours by tour mode and HH auto sufficiency (0-autos,
autos<adults & autos>0, and autos>=adults). Available by tour purpose.
HTS transit tour mode (walk to transit, PNR to transit, KNR to transit, and
TNC to transit) targets are replaced with the transit targets from the
transit on-board survey

The tour summaries provide details of the overall tour participation of the individuals. At a higher
level, a distribution of individuals’ daily activity pattern in three aggregated categories
(mandatory, non-mandatory, and home) describes the primary type of daily travel made by the

individuals. Coordination (joint tours) among individuals of the same household is indicated in a
summary of households with joint tours. Frequency of tours (mandatory and non-mandatory)
guantifies the tour-level travel in the region. Lastly, the average number of tours by an active

person measures the activity level of the individuals who make some form of travel on a given

day.
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Further, the joint tours summaries examine joint travel by household members. The tour
summaries provide a higher-level view of households’ participation in joint tours, whereas the
joint tour summaries explore joint tour participation in more detail by looking at joint tour
frequency, party size, party composition (adults only, children only, or mixed), and household
size.

The destination summaries examine the spatial aspect of non-mandatory travel in the region.
Note that mandatory travel is already in the long-term summaries. The spatial distribution of
non-mandatory travel destinations is examined by summarizing tour lengths for each non-
mandatory tour purpose. A tour length is calculated as distance between origin and primary
destination of a tour. Tour lengths are summarized in two ways: tour length frequency
distribution and average tour length. Tour length frequency distribution shows the number of
tours as a function of tour distance in miles. Average tour length represents a typical distance
travelled from home to the primary hon-mandatory activity location. The two summaries together
provide a general understanding of individuals’ behavior of choosing locations for non-
mandatory activity participation.

The temporal behavior is inspected in the TOD summaries. These summaries include frequency
of tours by departure from tour origin and arrival at tour primary destination in two temporal
details: thirty-minute time-of-day bins and eight model time periods: EA (6:00 — 7:00 AM), AM
(7:00 — 9:00 AM), MM (9:00 AM — 10:00 AM), MD (10:00 AM — 2:00 PM), AF (2:00 PM — 4:00
PM), PM (4:00 — 6:00 PM), EV(6:00 PM — 8:00 PM), and NT (8:00 PM — 6:00 AM). The night
period is further split into two periods (8:00 PM — 3:00 AM and 3:00 AM — 6:00 AM) so that the
chart can be displayed from the start of a modeling day (3:00 AM) to the end. The detailing of an
entire day into thirty-minute time-of-day bins results in 48 bins. The first bin includes 3:00 AM to
3:30 AM and the last bin includes 2:30AM to 3:00 AM.

The tour mode summaries are indicators of individual’s preference of mode to travel from origin
to primary destination and back. The tour mode summaries examine the mode preference by
tour purpose and by availability of auto(s) for the travel. The availability of auto(s) is
characterized in terms of auto sufficiency of the individual's household. Three classes created
based on number of cars and number of adults in the household define the auto sufficiency of a
household: 0-autos, autos<workers, and autos>=workers.

As mentioned before, the tour mode targets are initially created using HTS data. Transit on-
board data is generally more reliable in terms of representing the overall transit ridership in a
region. Transit on-board data was processed to produce transit tour mode targets (walk to
transit, PNR to transit, KNR to transit, TNC to transit) within each auto sufficiency group. The
transit tours in the initial tour mode choice targets from HTS are replaced with number from the
on-board data. Then targets of the other tour modes are scaled appropriately to match the
original totals within each auto sufficiency segment. The transit on-board data are first
processed to create transit trip mode targets. Then a trip rate factor (trips per tour) from the HTS
is used to convert the transit trip mode targets into transit tour mode targets. The details of
transit on-board data were presented in Section 3.3.
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Trip Level Summary

Trip level summaries (Table 3-13) are created to examine trip generation in ActivitySim. The
number of trips is a function of tours and the stops made on tours. An additional stop on a tour
results in a new trip. For example, a tour with no stops consists of two trips: one going from
origin to primary destination and the second one returning from primary destination to the origin.
If the person makes a stop during the first leg of the tour (going from origin to primary
destination) then this splits the first trip into in two trips: first, from origin to the stop, and second,
from the stop to primary destination. With this, the number of trips can be calculated as double
the number of tours plus the number of stops on the tours.

The four sets of HTS summaries including stop frequency, location, TOD, and trip mode
examine the magnitude, spatial distribution, temporal distribution, and mode preference of travel
at an activity level respectively.

TABLE 3-13: TRIP LEVEL SUMMARIES

SUMMARY DEFINITION

Stop Frequency

Stop Frequency -
Directional

Percent of tours by number of stops on the tour and tour direction
(inbound/outbound). Available by tour purpose and total.

Stop Frequency -
Total

Percent of tours by number of total stops (inbound + outbound) on the tour

Stop Purpose by Tour
Purpose

Percent of intermediate stops by stop purpose and tour purpose

Location

Stop Location - Out of
Direction Distance

Distribution of intermediate stops by out of direction distance and tour
purpose. Out of direction distance is the extra distance to the destination as a
result of traveling through the stop location

Average Out of
Direction Distance
(Miles)

Average out of direction distance by tour purpose

TOD

Stop & Trip Departure

Stop - Distribution of stops in half-hour departure time bins.

Trip - Distribution of all trips in half-hour departure time bins. Trips include
trips to/from intermediate stops and the tour primary destination.
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SUMMARY DEFINITION

The summaries are also available by tour purpose.

Aggregate Stop & Trip  Frequency of stops and trips in five model time periods. Available by tour
Departure purpose.

Trip Mode

Distribution of trips by trip mode and tour mode. Tour mode constraints the
Trip Mode Choice availability of each trip mode and influences the utility of each available trip
mode. Available by tour purpose.

The destination summaries include analysis of out of direction distance on a tour. The out of
direction distance is defined as the extra distance to the destination as a result of travelling
through the stop location. For stops in the outbound direction, it is based on the distance
between the last known location (the tour origin or previous outbound stop) and the primary tour
destination. For stops in the inbound direction, it is based on the distance between the last
known location (the tour primary destination or previous inbound stop) and the tour origin. The
analysis of the out of direction distance is by tour purpose and in two forms: frequency
distribution of the distance and average of the distance. Distances were provided from the TAZ-
to-TAZ level distance network skim.

The TOD summaries include frequency of stops and trips by their respective departure times.
Like the TOD summaries at the tour level, the stop and trip frequencies are created in two
temporal details: thirty-minute time bins and nine model time periods (NT 3:00 AM — 6:00 AM,
EA, AM, MM, MD, AF, PM, EV, and NT 8:00 PM — 3:00 AM). The detailing of an entire day into
half-hour time-of-day bins results in 48 bins.

Lastly, the trip mode summaries describe mode preference at an activity level. The trip mode
preference is summarized as frequency of trips by trip mode and tour mode. The frequencies
are also examined by tour purpose. Like tour mode targets, the trip mode targets are initially
created from the HTS data. The targets include the number of trips within each tour mode by
tour purpose. Transit trips in HTS targets are replaced by the more reliable number from the
transit OBS data, as described in Section 3.4. The targets for other trip modes are scaled
appropriately to match the total trips within each tour mode group.

Each of these visualizer summaries are used to examine different parts of the ActivitySim model
to quantify model performance and uncover inconsistencies in model development. Putting all
this information in a visual form inside an easy-to-navigate dashboard allows for model
developers and planners to efficiently grasp model performance and compare to other scenarios
or survey data.
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4.0 MODEL DESIGN

4.1 CMAP ACTIVITYSIM ABM MODEL DESIGN

The new CMAP activity-based model developed in ActivitySim and Emme includes two global
iterations at 100% sample. The full model starts with generating transportation skims described
in Section 2.5. Then ActivitySim, described in detail below, is run with 100% sample, followed by
assignment and skimming in Emme. This process is repeated for a second iteration at 100%.
The model outputs include final tour and trip lists from ActivitySim, assignment volumes and
transit boardings from Emme, and summaries in the visualizer described in Section 3.5. Figure
4-1 shows the ABM model design.

FIGURE 4-1: CMAP ACTIVITYSIM ABM MODEL DESIGN

Travel Models

4.2 ACTIVITYSIM GENERAL MODEL FORM

The ActivitySim model, which is fully described in the following sections, has the following
characteristics:

e Utilizes tours (sequences of trips beginning and ending at an anchor location such as
home or work) as an organizing principle for the generation of travel and to ensure
consistency across trips within a tour.

e Utilizes micro-simulation for modeling travel choices, in which a synthetic population is
generated, and explicit mobility and travel choices are made for each decision-maker in
the population according to contextual probability distributions.
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o Addresses both household-level and person-level travel choices including intra-
household interactions between household members.

e Uses a half-hourly temporal resolution and schedules tours into time-windows to ensure
there are no overlapping travel episodes.

o Reflects and responds to detailed demographic information including household
structure, aging, changes in wealth, and other key attributes.

Below, these aspects of the model system are described in greater detail. The ActivitySim flow
chart is shown in Figure 4-2.

TRAVEL DEMAND MODEL SEGMENTATION

ActivitySim represents all internal travel made by residents of the CMAP region. The decision-
makers in the model system include both persons and households. These decision-makers are
created (synthesized) for each simulation year and land-use scenario based on Census data
and forecasted distributions of households and persons by key socio-economic categories. This
synthetic population is created within PopulationSim and modified via post-processing
procedures. The decision-makers are used in the subsequent discrete-choice models in a
microsimulation framework where a single alternative is selected from a list of available
alternatives according to a probability distribution. The probability distribution is typically
generated from a logit model which considers the attributes of the decision-maker and the
attributes of the various alternatives. The application paradigm is referred to as Monte Carlo
simulation, since a random number draw is used to select an alternative from the probability
distribution. The decision-making unit is an important element of model estimation and
implementation, and is explicitly identified for each model specified in the following sections. In a
few cases, the choice is drawn from an observed probability distribution that takes into account
certain explanatory variables, rather than from a discrete choice model. Such cases are noted in
the detailed description below.

The model system is implemented in a micro-simulation framework. A key advantage of using
the micro-simulation approach is that there are essentially no computational constraints on the
number of explanatory variables that can be included in a model specification. However, even
with this flexibility, the model system will include some segmentation of decision-makers.
Segmentation is a useful tool to both structure models (for example, each person type segment
could have their own model for certain choices) and to characterize person roles within a
household. Segments can be created for persons as well as households.

Person Types

A total of eight segments of person-types, shown in Table 4-1 are used for the model system.
The person-types are mutually exclusive with respect to age, work status, and school status.
These person types are coded in the synthetic population according to person level attributes.
The same methodology is used to code person type in travel behavior survey data (CMAP HTS
2019), so that apples-to-apples comparisons can be made between model results and observed
data.
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TABLE 4-1: PERSON TYPES

1 Full-time worker 16+ Full-time None

2 Part-time worker 16+ Part-time None

3 University student 16+ Any College/University
4 Non-worker & non-student 16-64 Unemployed None

5 Non-working senior 65+ Unemployed None

6 Driving age student 16-19 Any Pre-college

7 Non-driving student 6-15 None Pre-college

8 Pre-school 0-5 None None

Coding Person Type

As mentioned above, person type is an important variable in ActivitySim; in some cases, it is
used to stratify models. For example, there is a separate individual non-mandatory tour
generation model for each person type category. In other cases, it is an explanatory variable.
For example, the coordinated daily activity pattern model represents interactions between
household members as a function of their person type. The person type coding logic in the
synthetic population (from Census Public Use Microdata) is a three-step process. First, an
employment category is assigned to each person. Next, a student category is assigned to each
person. Finally, each person is assigned one of the eight person types. Person type is coded
based on the following fields: AGE (age), ESR (employment status recode), WKHP (usual hours
worked per week past 12 months), WKW (number of weeks worked), and SCHG (school grade).

Employment category is coded as follows:
1. If AGE<16, employment category is "Under 16"
2. Else if ESR={3,6}, employment category is "Not employed"
3. Else if WKHP>35 and WKW>={1,2,3,4} employment category is "Employed Full-Time"

4. Else the employment category is "Employed Part-Time"
Student category is coded as follows:

1. If AGE<16, student category is "High school or less"

2. Else if employment category is "Employed Full-time" or SCHG=0, student category is
"Not a student"

3. Else if SCHG>=15 or AGE>19, student category is "College or higher"

4. Else student category is "Not a student”

Then person type is coded as follows:

1. If employment category is "Employed Full Time", person type is "Full-time worker" (1)
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2. Else if student category is "Not a student”
If employment status is "Part-time worker" person type is "Part-time worker" (2)

a
b. Else if AGE>=65, person type is "Non-working senior" (5)

e

Else if AGE<6 person type is "Pre-School" (8)

o

Else person type is "Non-worker and Non-student" (4)

Else if student category is "College or higher" person type is "College student" (3)
Else if AGE<6 person type is "Pre-school” (8)

Else if AGE>=16 person type is "Driving age student" (6)

o g > w

Else person type is "Non-driving student" (7)

There may be other household and person level variables used in ActivitySim that are
combinations of the above household and person variables, such as single-parent indicators, or
auto sufficiency (defined as a combination of autos compared to drivers or persons age 16+).
These variables are described in the detailed model description below.

Activity Types

The 2019 My Daily Travel Household Travel Survey included 29 different activity codes.
Modeling all twenty activity types would add significant complexity to estimating and
implementing the model system, so these detailed activity types are grouped into more
aggregate activity types, based on the similarity of the activities. The activity types are used in
most model system components, from developing daily activity patterns and to predicting tour
and trip destinations and modes by purpose.

The activity types explicitly modeled in ActivitySim are shown in Table 4-2. The activity types
are also grouped according to whether the activity is mandatory, maintenance, or discretionary,
and eligibility requirements are assigned determining which person-types can be used for
generating each activity type. The classification scheme of each activity type reflects the relative
importance or natural hierarchy of the activity, where work and school activities are typically the
most inflexible in terms of generation, scheduling and location, whereas discretionary activities
are typically the most flexible on each of these dimensions. Each out-of-home location that a
person travels to in the simulation is assigned one of these activity types, as shown in the Table
4-2. Any activity with missing purpose is recoded as discretionary activity. Note that change
mode trips are linked according to a set of trip-linking rules.

Also note that the current ActivitySim implementation does not have a separate purpose for
work-related activities, such as meetings and service calls. Work activities are specifically work
at fixed locations. Work at non-fixed locations and other work-related activities are grouped with
'Other Maintenance'.
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TABLE 4-2: OUT-OF-HOME ACTIVITY TYPES

1 Work Working at Mandatory 03. Work at fixed work location
regular
workplace.
2 University College + Mandatory 06. Attended school or daycare
/ studied
3 Grade/High  Grades K-12 Mandatory 06. Attended school or daycare
School / studied
4 Escorting Pick-up/drop-off Maintenance 26. Drop off / Pick up
passengers (auto passenger(s) / child(ren)
trips only).
5 Shopping Shopping away Maintenance 08. Shopped (nhon-routine like
from home. for appliances, cars, home

furnishings)
09. Shopped (routine like
grocery, clothing)

6 Other Personal Maintenance 04. Worked at non-fixed work
Maintenance business/services location
, and medical 05. Work related (off-site
appointments. meeting)

10. Drive-thru errands (ATM,
dry cleaning, pharmacy, etc.)
11. Serviced a vehicle
(purchased gas, regular
maintenance)

12. Health care visit for self
13. Health care visit for
someone else

14. Visited a person staying at
the hospital

15. Non-shopping errands
(banking, post office,
government, etc.)

27. Accompanied someone
else
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7 Eat Out Eating outside of  Discretionary 16. Drive thru / take-out dining

home. 17. Ate / dined out
8 Social/Recre = Recreation, Discretionary 18. Socialized with friends
ational visiting 19. Socialized with relatives
friends/family.
9 Other Volunteer work, Discretionary 07. Volunteered
Discretionary religious 20. Attended a community
activities. event

21. Attended a religious event
22. Exercised outdoors

23. Went to the gym

24. Other recreation

25. Attended a major special
event

97. Something else

Treatment of time

The CMAP ActivitySim ABM model system utilizes a half-hourly temporal resolution, beginning
with 3 A.M. and ending with 3 A.M. the next day. There are a total of 48 half-hour periods in the
model. Temporal integrity is ensured so that no activities are scheduled with conflicting time
windows, except for short activities/tours that are completed within a half-hour increment. For
example, a person may have a short tour that begins and ends within the 8:00 A.M. - 8:30 A.M.
period, as well as a second longer tour that begins within this time period but ends later in the
day.

A critical aspect of the model system is the relationship between the temporal resolution used
for scheduling activities, and the temporal resolution of the network simulation periods. Although
each activity generated by the model system is identified with a start time and end time in half-
hour increments, level-of-service matrices are only created for eight aggregate time periods —
Night, Early A.M., A.M. Peak, Mid-Morning, Midday, Afternoon, P.M. Peak, and Evening. The
trips occurring in each time period reference the appropriate transport network depending on
their trip mode and trip departure period (for outbound trips) or arrival period (for inbound trips).
The definition of time periods for level-of-service matrices is given in Table 2-2.

Treatment of space

The CMAP ActivitySim model relies on network level of service skims at the TAZ level and land-
use data at the MAZ level. All household locations and trip origins and destinations are modeled
at the lowest MAZ level geography. MAZs are used for representation of walk and bike times, as
described in section 2.0.
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ACTIVITYSIM ABM DESIGN DETAILS

General Description

Figure 4-2 shows the design of ActivitySim. The first step in the sequence is accessibility
generation. These are origin-zone accessibilities by auto, transit, and non-motorized travel that
are used to influence auto ownership and the frequency of travel. The work-from-home model is
run which predicts whether a worker works from home or has a regular out-of-home workplace.
The next model in the sequence is mandatory location choice; this model is run for all out-of-
home workers and students regardless of whether they attend work or school on the simulated
day. Next, three mobility models are run, including household auto ownership, free parking
eligibility, and telecommute models. Next, the daily activity pattern model is run, which predicts
the general activity pattern type for every household member. Then Mandatory tours? are
generated for workers and students, and the tours are scheduled (their location is already
predicted by the work/school location choice model). Fully joint tours are generated at a
household level, their composition is predicted (adults, children, or both), and participants are
determined. The primary destination of fully joint tours is predicted, and the tours are scheduled.
Next, non-mandatory tours are generated, their primary destination is chosen, and they are
scheduled. At-work sub-tours are generated for workers with a work tour, its primary destination
is chosen, and the tour is scheduled.

At this point all tours are generated, each tour's primary destination is known, as well as the tour
departure time and arrival time period. Next tour mode is chosen for each tour, then O or more
intermediate stops are chosen. Each intermediate stop purpose is selected from a distribution.
The location of each stop is determined, along with the stop departure time, and a mode is
chosen for each trip on the tour.

After the model is run, the output files listed above are created. The trip lists are then
summarized into origin-destination matrices by time period based on departure period and auto
vehicle class or transit mode, and assigned to the transport network. Skims are created based
on congested times, and the model system is iterated twice with 100% sample to reach
convergence.

2 Atour is a sequence of trips that start and end at an anchor location. Home-based tours start and end at
home and Work-based subtours start and end at work. Each tour has a primary destination, at an activity
that is the same as the tour purpose, and zero or more intermediate stops, which are activity locations
between the anchor location and the primary destination.
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FIGURE 4-2: ACTIVITYSIM MODEL DESIGN
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Detailed Description of Model Components

Accessibilities

The accessibilities model computes aggregate (zonal) measures of accessibility used by the
downstream models. The accessibility measure is the equivalent of a destination choice logsum
where the level-of-service variable is restricted to a certain mode (or set of modes) and the size
term is restricted to a certain employment variable. The equation is shown below.
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A =1In sz X GXP(_ ;/clj)

J=1
where:
A is the accessibility for origin TAZ i
S; is the size term for destination TAZ j
Cij is the cost of travel from origin TAZ i to destination TAZ j, expressed as a generalized cost
including time and cost.
y is a parameter indicating the sensitivity to the cost of travel

Accessibilities are used in the work-from-home model, daily activity pattern models and tour
frequency models. The output accessibility measures by zone are:
o autoPeakRetail — the accessibility by auto during peak conditions to retail employment
e autoPeakTotal — the accessibility by auto during peak conditions to all employment
o autoOffPeakRetail — the accessibility by auto during off-peak conditions to retail employment
o autoOffPeakTotal — the accessibility by auto during off-peak conditions to all employment
e transitPeakRetail — the accessibility by transit during peak conditions to retail employment
e transitPeakTotal — the accessibility by transit during peak conditions to all employment
o transitOffPeakRetail — the accessibility by transit during off-peak conditions to retail employment
o transitOffPeakTotal — the accessibility by transit during off-peak conditions to all employment
¢ nonMotorizedRetail — the accessibility by walking during all time periods to retail employment
o nonMotorizedTotal — the accessibility by walking during all time periods to all employment

Work-from-home Model

Number of Models: 1

Decision-Making Unit: Person

Model Form: Multinomial Logit
Alternatives: 2 (works from home or not)

The work from home model determines whether a worker works from home or not. It is run
before work location choice. It does not have person-specific logsum from the work location
choice model in the utility equation, so the aggregate accessibility to all emp is used based on
the weighted average of peak auto, peak transit, and non-motorized total accessibility. The
model parameters are shown in Table 4-3. Note that the coefficients are borrowed from the
Metropolitan Transit Commission (MTC) donor model estimated with pre-COVID data. The
model indicates that full-time workers and females are less likely to work from home, but
females with pre-school children in the household are more likely to work from home. The work
from home probability is inversely related to accessibility to jobs. The more non-working adults
there are in the household, the less likely the worker is to work from home. Low-income workers
are less likely to work from home, and the probability of working from home increases with the
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age of the worker. The bottom of Table 4-3 lists the alternative specific constants for each
county that were adjusted during model calibration.

TABLE 4-3: WORK FROM HOME MODEL COEFFICIENTS

Description Coefficient
Work from home constant 0.438361
Full time worker -0.81194
Female -0.34701
Female with preschool child in 0.572657
household

Multimodal accessibility -0.14043
Non-working adult in household -0.37248
Household income less than $30k -0.39307
Age less than 35 -0.57355
Age 35to0 45 0
Age 45 to 55 0.21438
Age 55 to 65 0.451657
Age 65+ 0.583518

Model Calibration

Boone -1.3837
Cook -1.0264
Dekalb -1.3487
DuPage -0.7945
Grundy -1.7863
Kane -1.1200
Kankakee -1.6026
Kendall -1.1632
Kenosha -1.8094
Laporte -1.8083
Lasalle -2.0027
Lake, IL -0.9512
Lake, IN -1.8041
Lee -2.1708
McHenry -1.1186
Ogle -1.4814
Porter -1.5201
Racine -1.6750
Walworth -1.4872
Will -1.2437
Winnebago -1.7141

Mandatory (workplace/university/school) Activity Location Choice
Number of Models: 4 (Work, K-8, 9-12, University)



Decision-Making Unit: Workers for Work Location Choice; Persons attending K-8 for K-8
students model, Persons attending High School for High School
model; University Students for University Model

Model Form: Multinomial Logit

Alternatives: Microzones

A workplace location choice model assigns a workplace microzone (MAZ) for every out-of-home
worker in the synthetic population according to a multinomial logit destination choice model.
Since mode choice logsums are required for each destination, a two-stage procedure is used for
all destination choice models in ActivitySim in order to reduce computational time (it would be
computationally prohibitive to compute a mode choice logsum for each of approximately 3,000
zones and every worker in the synthetic population). In the first stage, a simplified destination
choice model is applied in which all zones are alternatives. The variables in this model are the
distance to the MAZ, distance interaction terms and the size term of the MAZ (see Table 4-4 for
distance coefficients and Table 4-5 for size term coefficients). The logsum term is not used in
the simple model used to sample alternatives. This model creates a probability distribution for all
possible alternatives (but zones with no employment are not sampled). A set of thirty
alternatives are sampled from the probability distribution and these alternatives constitute the
choice set in the full destination choice model. Mode choice logsums are computed for these
alternatives and the destination choice model is applied. A discrete choice of MAZ is made for
each out-of-home worker from this more limited set of alternatives. The same general structure
is used for all destination choice models in ActivitySim. The workplace destination choice model
was borrowed from the SEMCOG donor model, which was estimated using SEMCOG
household travel survey data. The bottom of Table 4-4 lists distance-based and county-to-
county alternative specific constants that were adjusted during model calibration to better match
county to county worker flows from Census journey to work data.

TABLE 4-4: MANDATORY LOCATION CHOICE MODEL COEFFICIENTS

Work College High School K-8 School
Mode Choice Logsum 0.3 0.5358 0.5358 0.5358
Distance
Distance 0 to 1 miles -0.8428 -3.2451 -0.9523 -1.6419
Distance 1 to 2 miles -0.3104 -2.7011 -0.57 -0.57
Distance 2 to 5 miles -0.3783 -0.5707 -0.57 -0.57
Distance 5 to 15 miles -0.1285 -0.5002 -0.193 -0.2031
Distance 15+ miles -0.0917 -0.073 -0.1882 -0.046
Distance 0 to 5 miles and high income 0.15
(>105K)
Distance 5+ miles and high income 0.02
(>105K)

Model Calibration

Distance 0 to 5 miles 0.6265
Distance 5 to 10 miles 0.3945
Distance 10 to 15 miles 0.1623
Distance 15 to 20 miles 0.0122
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Distance 20 to 50 miles
Distance 50+ miles

Distance 0 to 3 miles to CBD
Distance 3 to 5 miles to CBD
Distance 5 to 10 miles to CBD
Distance 10 to 15 miles to CBD
Distance 15 to 20 miles to CBD
Distance 20 to 50 miles to CBD
Distance 0 to 3 miles to Cook
Distance 3 to 5 miles to Cook
Distance 5 to 7 miles to Cook
Distance 7 to 25 miles to Cook
Distance 25+ miles to Cook
Distance 0 to 3 miles to Non-Cook
Distance 3 to 5 miles to Non-Cook
Distance 5 to 7 miles to Non-Cook
Distance 7 to 25 miles to Non-Cook
Distance 25+ miles to Non-Cook
COOK_COOK_asc
COOK_DUPAGE_asc
COOK_LAKE_IL_asc
COOK_LAKE_IN_asc
COOK_WILL_asc
DUPAGE_COOK _asc
DUPAGE_DUPAGE_asc
DUPAGE_KANE_asc
DUPAGE_WILL_asc
KANE_DUPAGE_asc
KANE_KANE_asc
KENOSHA_LAKE_IL_asc
KENOSHA_RACINE_asc
LAKE_IL_COOK_asc
LAKE_IL_KENOSHA_asc
LAKE_IL_LAKE_IL_asc
LAKE_IL_MCHENRY_asc
MCHENRY_COOK _asc
MCHENRY_MCHENRY_asc
PORTER_LAKE_IN_asc
PORTER_PORTER_asc
WINNEBAGO_WINNEBAGO_asc
DEKALB_DEKALB_asc
KANE_COOK _asc
KANKAKEE_COOK_asc

-0.2114
-1.5289
-2.0859
-1.1845
-0.5446
-0.4378
0.0460
0.8375

-0.0986
-0.0498
0.0476
-0.9458
0.1579
-0.0943
0.1914
-0.2836
-0.3215
-0.1628
0.4860
0.3628
-0.7485
-0.1601
-1.2933
0.4116
-0.5122
-0.0046
0.6348
0.2526
0.1674
-0.3352
0.3534
-0.4048
-0.7933

0.4735
-0.0018
-0.4915
-1.1268
-3.5897
0.1264
0.662
0.3745
-1.0834
-3.1876

0.4735
-0.0018
-0.4915
-1.1268
-3.5897
0.1264
0.662
0.3745
-1.0834
-3.1876

0.4735
-0.0018
-0.4915
-1.1268
-3.5897
0.1264
0.662
0.3745
-1.0834
-3.1876
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KANKAKEE_KANKAKEE_asc 0.3615

KENDALL_KENDALL_asc 0.6705
KENOSHA_KENOSHA _asc 0.2360
LAKE_IL_ DUPAGE_asc -0.4865
LAKE_IN_COOK _asc -0.4627
LAKE_IN_LAKE_IN_asc 0.3880
MCHENRY_LAKE_IL asc -0.2736
PORTER_COOK _asc -0.5596
RACINE_LAKE IL asc -0.7135
RACINE_RACINE_asc 0.1365
WALWORTH_WALWORTH_asc 0.2712
WILL_COOK_asc -0.2785
WILL_KANE_asc -0.8071
WILL_WILL_asc 0.4879

Accessibility is measured by the tour mode choice logsum which considers outbound travel in
the AM peak period travel and return travel in the P.M. period, the auto ownership of the
household in the input synthetic population, and other person and household characteristics
(see Tour Mode Choice Model, below). The mode choice logsum represents the total ease of
travel between two zones across all available modes. Non-linear distance terms are used to
represent the portion of accessibility not represented by the mode choice logsum term and help
to improve the goodness of fit of the home-work distance frequency distribution. The work
location choice model includes distance bin calibration for zones and an additional distance bin
calibration for destination MAZs in the CBD. The school location choice model includes distance
bin calibration, which have different calibration constants for destination zones in Cook and
zones outside Cook County.

Work location choice size terms, shown in Table 4-5, vary according to worker household
income, to reflect the different types of jobs that are likely to attract different (white collar versus
blue-collar) workers. Work size terms were calculated by cross-tabulating expanded workers in
the Census Public Use Microdata Sample (PUMS) by CMAP employment code (based on
NAICS) and household income. The medium income category is set as the base category with a
size term of 1.0, and coefficients for low and high income categories are set to the ratio of
workers in that category to the base category.

Non-work size terms are transferred from MTC donor model according to equivalence table of
MTC employment types to CMAP employment types. Service coefficients are listed in the
manufacturing column in the donor model and are transferred to the service column in the
CMAP model. Government employment size terms are added based on the size terms for
service for other maintenance and at-work subtour purposes.
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TABLE 4-5: WORK LOCATION CHOICE SIZE TERM COEFFICIENTS (EXPONENTIATED)

0_47k 0.1645 0.1189 0.1552 0.1169 0.2331 0.1217 0.2403 0.1705 0.1684
47k_105k 1 1 1 1 1 1 1 1 1
105k_plus 0.8643 0.9701 0.8068 1.1657 0.8262 1.5129 1.0371 0.6741 1.4109

A university location choice model assigns a university (large college or small college) location
for every university student in the synthetic population. The University school location choice
model parameters include university mode choice logsum, distance, and a size term consisting
of university enrollment.

A school location choice model assigns a school location for every person enrolled in K-12
school in the synthetic population. The size term in this model (Table 4-6) is enrollment by type
(K-8 and high school), including both public and private grade schools. Grade school
parameters include mode choice logsum, distance, and size term.

TABLE 4-6: SCHOOL LOCATION CHOICE SIZE TERM COEFFICIENTS

0.592 0.408

The application procedure utilizes an iterative simulation-based constraint mechanism in order
to match workers to input employment totals. Previous shadow pricing procedure would
calculate zone-specific constants by taking the ratio of the share of the total employment of
each zone to the share of the total workers in each zone (see Equation 1) by market segment
(household income, for work location choice). This procedure would require many iterations and
was only guaranteed to converge to the relative size term of the zone rather than the relative
total jobs in the zone. In the new procedure, all workers are run through the model. Next, the
total relative workers by work zone are compared to total relative jobs in the zone. If the share of
workers is higher than a minimum threshold than the share of jobs, workers are randomly
selected from the zone and re-simulated in the next iteration, after making all over-subscribed
zones unavailable. This procedure converges much faster than shadow pricing and eliminates
the need to maintain a shadow price file. The model iterates for a user-defined set of iterations,
or until the pre-specified convergence criterion is reached. Currently, the simulation mechanism
is run for a maximum of 10 iterations, or if 99% of MAZs are within 5% relative share of workers
to jobs.
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EQUATION 1: SHADOW PRICE
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Auto Ownership Model

Number of Models: 1

Decision-Making Unit: Households

Model Form: Multinomial Logit
Alternatives: Five (0, 1, 2, 3, 4+ autos)

The car ownership models predict the number of vehicles owned by each household. It is

formulated as a choice model with five alternatives, including “no cars”, “one car”, “two cars”,
“three cars", or "four or more cars”. The model parameters are shown in Table 4-7, and include
the following explanatory variables:

e Number of adults in the household (as a proxy for drivers)

o Number of persons in the households by age group and presence of children by age
e Number of workers in the household

e Household income

e TAZ density index

e Accessibilities as described above

Density index is calculated as follows:
household_density = Total households / acres

employment_density = Total employment/acres

density_index = Max((household_density *employment_density) / (household_density +
employment_density),1)

The coefficients reflect the following:
e More adults in the household is directly related to auto ownership
o Number of persons aged 16 to 34 is inversely related to auto ownership
e Presence of children generally directly related to auto ownership
e Household income is directly related to auto ownership
e Density is inversely related to auto ownership

e Accessibility by transit, and non-motorized modes is inversely related to auto ownership,
but at different rates. Therefore, ultimate changes in auto ownership related to
accessibility are a function of differences between accessibilities
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e The more time a worker can save by using their auto to get to work rather than transit or
non-motorized travel, the higher the auto ownership of the household

e Students living in group quarters are less likely to own one car and are prohibited from
owning multiple cars. This coefficient was borrowed from the Detroit region rather than

estimated.

TABLE 4-7: AUTO OWNERSHIP MODEL COEFFICIENTS

1 Adult (age 16+)

2 Adults (age 16+)

3+ Adults (age 16+)
Persons age 16-17
Persons age 18-24
Persons age 25-34
Presence of children
age 04

Presence of children
age 5-17

Household income,
$0-15k

Household income,
$15-35k

Household income,
$35-50k

Household income,
$50-75k

Number of workers,
upto3

Density

Retail accessibility by
non-motorized

Retail accessibility by
transit

Auto time savings per
worker to work
University student
living in group
quarters

Alternative Specific
Constants

Cook

Boone

Dekalb

OO O O O o o o

0.0698
2.311
0.923

-0.458
0.0000

0.553
-0.332
-0.452
-0.402

0.654

0.459

-2.73

-1.61

-0.744

-0.617

0.0947

-0.0388
0.00

-0.406

131

-3.56

Model Calibration

4.65

-3.56
0.0000
0.992
-0.910
-0.590
-0.550
0.805

0.817

-4.40

-2.84

-1.82

-1.13

0.992

-0.243
-0.0588

-0.584

0.906

-999

7.29

-3.57
0.0000
2.96
-1.06
-0.469
-0.701
0.365

0.352

-4.80

-3.50

-2.34

-1.34

2.96

-0.378
-0.0993

-0.668

0.900

-999

5.90

-3.19
0.0000
3.16
-1.06
-0.469
-0.701
0.365

0.352

-4.84

-3.60

-2.29

-1.41

0.933

-0.441
-0.137

-0.663

0.538

-999

4.65
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Grundy 1.355

Kankakee 2.213
Kendall 0.966
Kenosha 1.577
Laporte 1.980
Lasalle 1.616
Lake, IL 0.264
Lake, IN 1.959
Lee 1.668
McHenry 0.500
Ogle 1.975
Porter 1.473
Racine 1.966
Walworth 1.296
Winnebago 2.102

Free Parking Eligibility Model

Number of Models: 1

Decision-Making Unit: Workers

Model Form: Multinomial Logit

Alternatives: Two (worker has free parking or worker pays for parking)

The free parking eligibility model determines whether each worker pays for parking or has free
parking provided for them by their employer. The model is simple since it could not be estimated
from local data. The coefficients are shown in Table 4-8. They indicate that workers in higher
income households, household with four or more persons, and households with more autos
than workers are more likely to have free parking at their workplace.

TABLE 4-8: FREE PARKING ELIGIBILITY MODEL COEFFICIENTS

Description Coefficient
Household income over $100k 0.23
Household income $60k to $100k 0.23
Household size 4+ 0.253
More autos than workers in household 0.231
Less autos than workers in the -1.479
household

Telecommute Frequency Model

Number of Models: 1
Decision-Making Unit: Persons
Model Form: Multinomial Logit
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Alternatives: Four (No telecommute/Telecommute less than one day per week,
telecommute 1 day per week, telecommute 2-3 days per week,
telecommute 4 or more days per week)

The telecommute frequency model predicts, for each worker in the household with a regular out-
of-home workplace, whether they participate in a telecommute program. The definition of
telecommuting in the ActivitySim model is where a worker has a regular out-of-home workplace
but works from home for one or more weekdays rather than commutes to work. The alternatives
in the model include no telecommuting or telecommutes less than one day per week,
telecommutes one day per week, telecommutes 2-3 days per week, or telecommutes 4 or more
days per week. The model was estimated from 2017 household travel survey data for San
Diego Association of Governments (SANDAG). An exploration of the data revealed little
difference in work tour frequency for workers who telecommute less than one day per week and
workers who do not telecommute, so these alternatives are combined in the model. The
telecommute frequency is used as an explanatory variable in the following models:

e Coordinated daily activity pattern model: workers who telecommute are less likely to
have a mandatory day pattern and are about equally likely to either engage in a non-
mandatory pattern or stay at home

e Work tour frequency: Workers who telecommute with a mandatory pattern are less likely
to generate more than one work tour

e Non-mandatory tour frequency: Workers who telecommute are less likely to make
multiple non-mandatory tours

e Stop frequency: Workers who telecommute are less likely to make multiple stops per
tour

The model coefficients are shown in Table 4-9. The model includes the following coefficients:

e Presence of children. Workers with children aged 0 to 5 years or 6 to 12 years are less
likely to telecommute 4 or more days per week. Workers with children 6 to 12 are more
likely to telecommute 2-3 days per week.

e Number of adults: Workers in households where they are the only adult are more likely
to telecommute 1 day per week and less likely to telecommute 4 or more days per week.

o Part-time workers are more likely to telecommute
e College students are more likely to telecommute 2-3 days per week

e Workers who do not have their parking reimbursed are more likely to telecommute one
day per week

e Household income: Workers in households with at least $60k annual income are more
likely to telecommute. Telecommute frequency increases with respect to income.

e Auto ownership: Workers with no cars in the household are more likely to telecommute
2-3 days per week. Workers in households with 3 or more cars are less likely to
telecommute 2-3 days per week.
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e Distance to work: Longer distance to work is positively correlated with telecommuting 1
day per week.
Note that these coefficients reflect pre-COVID conditions. Also note that the number of
explanatory variables decreases with respect to increased telecommuting, indicating a greater

degree of error and lack of good explanatory variables that describe which workers
telecommute frequently.

TABLE 4-9: TELECOMMUTE FREQUENCY COEFFICIENTS

Coefficient 1 day per week 2-3 days per week 4 or more days per week

HasChildrenOto5 0 0 -0.864
HasChildren6to12 0 0.517 -0.81
OneAdultinHH 0.177 0 -0.043
PartTimeWorker 0 0.425 1.112
CollegeStudent 0 0.6 0
PaysToPark 0.457 0 0
Income60to100k 0.56 0.389 0
Income100to150k 0.644 0.193 0
Income150kplus 0.92 0.765 0
OAutos 0 0.407 0
1Auto 0 0 0
3plusAutos 0 -0.73 0
DistanceToWork 0.016 0 0

Coordinated Daily Activity Pattern (DAP) Model

Number of Models: 1

Decision-Making Unit: Households

Model Form: Multinomial Logit

Alternatives: 3 alternatives for one person households

9 alternatives for two person households

27 alternatives for three person households

81 alternatives for four person households

243 alternatives for five-or-more person households
363 total alternatives across all household sizes

The DAP model predicts the general daily activity pattern for each person in the household. The
DAP is classified by three main pattern types:
e Mandatory pattern (M) that includes at least one of the three mandatory activities — work,

university, or school. This constitutes either a workday or a university/school day, and may
include additional non-mandatory activities such as separate home-based tours or
intermediate stops on the mandatory tours.

e Non-mandatory pattern (N) that includes only individual and/or joint maintenance and
discretionary tours. By virtue of the tour primary purpose definition, maintenance and
discretionary tours cannot include travel for mandatory activities.
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e At-home pattern (H) that includes only in-home activities. At-home patterns are not
distinguished by any specific activity (e.g., work at home, take care of a child, being sick,
etc.). Cases with complete absence from town (e.g., business travel) are also combined with
this category.

Statistical analysis implemented with the Columbus, Atlanta, and San Francisco Bay Area data
has shown that there is an extremely strong correlation between DAP types of different
household members, especially for joint N and H types. For this reason, the DAP types for
different household members are not modeled independently but rather simultaneously across
multiple household members. The total number of possible DAP type combinations is significant
for large households. However, there are several important considerations that significantly
reduce the dimensionality of the simultaneous model. First, mandatory DAP types are only
available for appropriate person types (workers and students). Intra-household coordination of
DAP types is relevant only for the N- and H-type patterns. Thus, simultaneous modeling of DAP
types for all household members is essential only for the trinary choice (M, N, H), while the sub-
choice of the mandatory pattern can be modeled for each person separately.

The Coordinated DAP model features simultaneous modeling of trinary pattern alternatives for
all household members with the subsequent modeling of individual alternatives, as shown
Figure 4-3 for a 3-person household. Tour frequency choice is a separate choice model
conditional upon the choice of alternatives in the trinary choice.

Simultaneous modeling of potentially joint alternatives for all household members assumes that
for each person only a trinary choice (M, N, H) is considered. For a household of five persons
the simultaneous combination of trinary models results in a total of 243 alternatives. For
households with size greater than five, the model is applied for the first five household members
by priority while the rest of the household members are processed sequentially, conditional
upon the choices made by the first five members.
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FIGURE 4-3: DAILY ACTIVITY PATTERN CHOICES

3-person household example:

| ]
o O

Person 1 ’n”n|
M

Person 2

M M

Person 3 |ﬂ||ﬂ|
erson

M N

M: Mandatory — At least 1 mandatory tour

N: Non-Mandatory — No mandatory tours, at least 1 non-mandatory tour

H: Home — No travel

The Coordinated DAP model contains explanatory variables that include person and household
attributes, accessibility measures, and density/urban form variables. These parameters are
shown in Table 4-10, with the calibrated alternative specific constants by person type at the top
of the table. Since the model features intra-household interactions, a subset of the parameters
in the model are specified as interaction terms. These terms are based on the contribution to the
total utility of an alternative from either a two-person interaction (as shown in Table 4-11), a
three-person interaction (shown in Table 4-12), or an entire-household interaction (shown in
Table 4-13). For example, the contribution of a two-worker interaction to the utility for each
worker to stay home on the simulation day is positive, indicating that it is more likely that both
workers will attempt to coordinate their days off to engage in recreational opportunities together.
Similarly, the contribution of a pre-school child to a worker mandatory pattern is negative,
indicating the likelihood that if a pre-school child stays at home, a worker also is more likely to
stay at home with the child.

The Coordinated DAP model covers up to five persons in the household. For households with
more than five persons, the persons covered by the model are selected according to the
following rules:

e First, two workers are selected (full-time worker and part-time worker person types). Full-
time workers are ranked higher than part-time workers. If there are more than two
workers of a given type, older workers are chosen over younger workers.

73



e Next, three children are selected (driving-age student, non-driving age student, child too
young for school person types). If there are more than three children, they are ranked by
age from youngest to oldest. This assumes that the youngest child in the household has
a more significant impact on activity patterns of household members than older children.

e If there are people left after applying the above criteria, they are selected randomly from

the remaining members.

Anyone not selected according to the above criteria for a household with more than five persons

have their activity pattern chosen by a lookup from a probability distribution which varies by

person type. Probabilities are shown in Table 4-14.

TABLE 4-10: COORDINATED DAILY ACTIVITY PATTERN MODEL INDIVIDUAL COEFFICIENTS

Description

Full-time worker alternative-specific constants

Part-time worker alternative-specific constants

University student alternative-specific constants

Non-working adult alternative-specific constants

Retired alternative-specific constants

Driving-age child who is in school alternative-specific constants
Pre-driving-age child who is in school alternative-specific constants
Pre-driving-age child who is in school interaction with age 6 to 9
Pre-driving-age child who is in school interaction with age 13 to 15
Pre-driving-age child who is too young for school alternative-specific constants
Pre-driving-age child who is too young for school interaction with age 0 to 1
Pre-driving-age child who is too young for school interaction with age 4 to 5
Full-time worker interaction with age less than 40

Retired interaction with age more than 80

Full-time worker interaction with female gender

Non-working adult interaction with female gender

Retired interaction with female

Non-working adult interaction with more cars than workers

Retired interaction with more cars than workers

Pre-driving-age child who is too young for school interaction with more cars than
workers
Full-time worker interaction with fewer cars than workers

Non-working adult interaction with fewer cars than workers

Retired interaction with fewer cars than workers

Driving-age child who is in school interaction with fewer cars than workers
Pre-driving-age child who is in school interaction with fewer cars than workers

Pre-driving-age child who is too young for school interaction with fewer cars than
workers
Full-time worker interaction with income less than $20k

Retired interaction with income less than $20k

M
1.9884
-0.1084
2.3536
-999
-999
2.9282
3.2959
-0.2943
-0.7141
-3.2258
-0.4515
0.6107
0.209

-0.126
-0.743
0.477
0.652
2.992

N
1.8057
1.34
0.6097
0.0746
0.0632
0.017
0.5714

-0.672
-1.2575

0.817
1.056
0.299
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0.586
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Part-time worker interaction with income less than $20k 0.323

Part-time worker interaction with income between $50k and $100k -0.403
Part-time worker interaction with income more than $100k 0.421 -0.353
Non-working adult interaction with income between $50k and $100k -0.560
Non-working adult interaction with income more than $100k -0.719

Driving-age child who is in school interaction with less than $20k 1.307
Driving-age child who is in school interaction income between $50k and $100k -0.503
Driving-age child who is in school interaction with income more than $100k -2.046

Pre-driving-age child who is too young for school interaction with income between -0.571
$50k and $100k

Pre-driving-age child who is too young for school interaction with income more

than $100k

Full-time worker interaction with peak accessibility to all employment 0.121

Part-time worker interaction with peak accessibility to all employment 0.200
Non-working adult interaction with peak accessibility to all employment 0.231
Retired interaction with peak accessibility to all employment 0.279

-0.619

Non-working adult interaction with off-peak accessibility to retail 0.072
Retired interaction with off-peak accessibility to retalil 0.072
University student interaction with off-peak accessibility to retail 0.072
Driving-age child who is in school interaction with off-peak accessibility to retalil 0.082

Pre-driving-age child who is in school interaction with off-peak accessibility to 0.082
retail

Pre-driving-age child who is too young for school interaction with off-peak 0.082
accessibility to retail

TABLE 4-11: COORDINATED DAILY ACTIVITY PATTERN MODEL TWO-WAY INTERACTION
TERMS

Person 1

Full-time worker
Full-time worker
Full-time worker
Full-time worker
Full-time worker
Full-time worker
Full-time worker
Full-time worker
Part-time worker
Part-time worker
Part-time worker
Part-time worker
Part-time worker
Part-time worker

Person 2

Full-time worker
Part-time worker
College student
Non-worker/student
Non-working senior
Driving age student
Non-driving student
Pre-school

Part-time worker
College student
Non-worker/student
Non-working senior
Driving age student
Non-driving student

I r* T r X T ©r* T T X I T I =T

Coefficient

1.626
0.741
1.183
0.944
1.298
2.064
1.501
0.991
0.891
1.642
0.706
0.463
3.057
0.769
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Person 1

Part-time worker
College student
College student
College student
College student
College student
College student
Non-worker/student
Non-worker/student
Non-worker/student
Non-worker/student
Non-worker/student
Non-working senior
Non-working senior
Non-working senior
Non-working senior
Driving age student
Driving age student
Driving age student
Non-driving student
Non-driving student
Pre-school

Full-time worker
Full-time worker
Full-time worker
Full-time worker
Full-time worker
Full-time worker
Part-time worker
Part-time worker
Part-time worker
Part-time worker
Part-time worker
College student
College student
College student
College student
Driving age student
Driving age student
Driving age student

Person 2

Pre-school

College student
Non-worker/student
Non-working senior
Driving age student
Non-driving student
Pre-school
Non-worker/student
Non-working senior
Driving age student
Non-driving student
Pre-school
Non-working senior
Driving age student
Non-driving student
Pre-school

Driving age student
Non-driving student
Pre-school
Non-driving student
Pre-school
Pre-school

Full-time worker
Part-time worker
College student
Driving age student
Non-driving student
Pre-school
Part-time worker
College student
Driving age student
Non-driving student
Pre-school

College student
Driving age student
Non-driving student
Pre-school

Driving age student
Non-driving student
Pre-school

Pattern Coefficient

1.070
1.018
1.781
0.484
1.546
1.552
1.340
1.352
1.209
0.524
0.811
1.167
1.407
0.863
0.863
0.863
2.198
0.977
1.467
2.800
1.434
1.378
0.141
0.088
0.427
0.384
0.262
0.512
1.135
0.173
1.103
0.308
0.507
0.873
-0.002
0.298
0.225
0.479
0.515
0.552
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Person 1

Non-driving student
Non-driving student
Pre-school

Full-time worker
Full-time worker
Full-time worker
Full-time worker
Full-time worker
Full-time worker
Full-time worker
Full-time worker
Part-time worker
Part-time worker
Part-time worker
Part-time worker
Part-time worker
Part-time worker
Part-time worker
College student
College student
College student
College student
College student
College student
Non-worker
Non-worker
Non-worker
Non-worker
Non-worker
Non-working senior
Non-working senior
Non-working senior
Non-working senior
Driving age student
Driving age student
Driving age student
Non-driving student
Non-driving student
Pre-school

Person 2

Non-driving student
Pre-school
Pre-school

Full-time worker
Part-time worker
College student
Non-worker/student
Non-working senior
Driving age student
Non-driving student
Pre-school
Part-time worker
College student
Non-worker/student
Non-working senior
Driving age student
Non-driving student
Pre-school

College student
Non-worker
Non-working senior
Driving age student
Non-driving student
Pre-school
Non-worker
Non-working senior
Driving age student
Non-driving student
Pre-school
Non-working senior
Driving age student
Non-driving student
Pre-school

Driving age student
Non-driving student
Pre-school
Non-driving student
Pre-school
Pre-school

Pattern

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZgZ:
T
(¢}

Coefficient

0.973
0.596
1.651
1.123
0.495
0.552
0.022
0.312
0.410
0.601
0.751
1.032
0.336
0.748
0.098
0.495
0.898
1.452
1.054
0.193
0.407
1.620
0.517
0.897
0.698
0.186
0.680
0.565
1.164
0.729
0.292
0.292
0.292
1.512
1.422
1.273
1.553
0.618
0.877
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TABLE 4-12: COORDINATED DAILY ACTIVITY PATTERN MODEL THREE-WAY INTERACTION

TERMS
Person 1

Full-time worker
Part-time worker
Non-worker
Part-time worker
Non-worker
Part-time worker
Part-time worker
Non-worker
Part-time worker
Non-worker
Non-worker
Driving age student
Driving age student
Full-time worker
Full-time worker
Full-time worker
Driving age student
Full-time worker
Full-time worker
Part-time worker
Part-time worker
Non-worker
Driving age student
Part-time worker
Part-time worker
Non-worker
Non-worker
Part-time worker
Non-worker

Person 2

Part-time worker
Part-time worker
Non-worker
Driving age student
Driving age student
Part-time worker
Non-worker
Non-worker
Driving age student
Driving age student
Driving age student
Driving age student
Driving age student
Full-time worker
Part-time worker
Non-worker
Driving age student
Part-time worker
Non-worker
Non-worker
Part-time worker
Non-worker
Driving age student
Part-time worker
Non-worker
Non-worker
Driving age student
Driving age student
Driving age student

Person 3

Non-worker
Part-time worker
Non-worker
Driving age student
Driving age student
Part-time worker
Non-worker
Non-worker
Driving age student
Driving age student
Driving age student
Driving age student
Driving age student
Full-time worker
Part-time worker
Non-worker
Driving age student
Part-time worker
Non-worker
Non-worker
Part-time worker
Non-worker
Driving age student
Part-time worker
Non-worker
Non-worker
Driving age student
Driving age student
Driving age student

Pattern

—
(0]

Coefficient

0.957
0.957
0.957
0.294
0.294
0.988
0.988
0.988
0.437
0.437
0.437
0.475
0.475
0.313
0.350
0.350
-0.391
0.464
0.464
0.349
0.349
0.349
0.355
-1.386
-1.386
-1.386
-0.857
-0.857
-0.857

TABLE 4-13: COORDINATED DAILY ACTIVITY PATTERN MODEL ALL MEMBER INTERACTION
TERMS FOR HOUSEHOLDS WITH 3 OR MORE PERSONS

Household size

3-person household - all same pattern

4-person household - all same pattern

5-person household - all same pattern

M

-0.0671
-0.6104
-1.5280

N

-0.3653
-1.3460
-3.4530

H

-1.1810
-3.7330
-8.6210
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TABLE 4-14: COORDINATED DAILY ACTIVITY PATTERN MODEL EXTENSION PROBABILITIES

Description M N H Total

Full-time out-of-home worker 0.796 0.094 0.110 1.000
Full-time work-from-home worker 0 0.460 0.540 1.000
Part-time out-of-home worker 0.617 0.258 0.126 1.000
Part-time work-from-home worker 0 0.672 0.328 1.000
University student 0.692 0.156 0.151 1.000
Non-working adult 0.000 0.672 0.328 1.000
Retired 0.000 0.543 0.457 1.000
Driving-age child 0.776  0.060 0.164 1.000
Pre-driving-age child 0.685 0.091 0.223 1.000
Child too young for school 0.141 0.065 0.794 1.000
Child too young for school without 0 0.135 0.865 1.000

school location

Individual Mandatory Tour Frequency

Number of Models: 1

Decision-Making Unit: Persons

Model Form: Multinomial Logit

Alternatives: 5 (1 Work Tour, 2 Work Tours, 1 School Tour, 2 School Tours, 1

Work/1 School Tour)

Based on the DAP chosen for each person, individual mandatory tours, such as work, school
and university tours are generated at person level. The model predicts the exact number and
purpose of mandatory tours (e.g., work and school/university) for each person who chose the
mandatory DAP type at the previous decision-making stage. Since the DAP type model at the
household level determines which household members engage in mandatory tours, all persons
subjected to the individual mandatory tour model implement at least one mandatory tour. The
model has the following five alternatives:

¢ One work tour,

¢ One school tour,

e Two or more work tours,

e Two or more school tours,

e One work tour plus one school tour.

Alternatives with work tours are only available to workers, while alternatives with school tours
are only available to students.

DAPs and subsequent behavioral models of travel generation include various explanatory
variables that relate to household composition, income, car ownership, location of work and
school activities, land-use development, residential and employment density, and accessibility
factors. Some of the parameters shown here and elsewhere in this report are used to "turn off"

79



alternatives for certain decision-makers. These are denoted by a -999, which is a very bad

utility.

TABLE 4-15: INDIVIDUAL MANDATORY TOUR FREQUENCY MODEL COEFFICIENTS

Description

Full-time worker alternative-
specific constants

Part-time worker alternative-
specific constants

University student
alternative-specific constants
Non-working adult
alternative-specific constants
Retired alternative-specific
constants

Driving-age child alternative-
specific constants

Pre-driving age child who is in
school alternative-specific
constants

Female - Full-time worker
interaction

Female - Part-time worker
interaction

Female - University student
interaction

Female - Non-working adult
interaction

Female - Retired interaction
Female - Driving-age child
interaction

Female - Pre-driving age child
who is in school interaction
Under 35 - Full-time worker
interaction

Under 35 - Part-time worker
interaction

Under 35 - University student
interaction

Under 35 - Non-working adult
interaction

Can walk to work - Full-time
worker interaction

Can walk to work - Part-time
worker interaction

1 Work

0

0

2.166

o

0.1737

0.1737

-0.4629

0

0

0

2 Work

-3.3781

-3.0476

-1.3965

-0.2255

-0.2255

-0.2255

-0.2255

-0.2255

-0.1375

-0.1375

-0.1375

-0.1375

0.5268

0.5268

1 School

0.1592

0.1592

0.1592

0.1592

0.1592

0.7218

0.7218

0.7218

2 School

-3.136

-3.9703

0.114

0.114

1 Work, 1
School

-4.4362

-0.3442
-0.3442

-0.3442

-0.3442

0.9761
0.9761

0.9761
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Description

Can walk to work - University
student interaction

Can walk to work - Non-
working adult interaction
Can walk to work - Retired
interaction

Can walk to school -
University student interaction
Can walk to school - Driving-
age child interaction

Can walk to school - Pre-
driving age child who is in
school interaction

Can walk to work or school -
Full-time worker interaction
Can walk to work or school -
Part-time worker interaction
Can walk to work or school -
University student interaction
Can walk to work or school -
Driving-age child interaction
Round trip auto time to work
- Full-time worker interaction
Round trip auto time to work
- Part-time worker interaction
Round trip auto time to work
- University student
interaction

Round trip auto time to work
- Non-working adult
interaction

Round trip auto time to work
- Retired

Round trip auto time to
school - University student
interaction

Round trip auto time to
school - Driving-age child
interaction

Round trip auto time to
school - Pre-driving age child
who is in school interaction
Student is employed -
University student interaction

1 Work

3.014

2 Work

0.5268

0.5268

0.5268

-0.0035

-0.0035

-0.0035

-0.0035

-0.0035

3.014

1 School

2 School

0.7114

0.7114

0.7114

-0.0034

-0.0034

-0.0034

1 Work, 1
School
0

0.1391
0.1391
0.1391
0.1391
-0.0034
-0.0034

-0.0034

-0.0031

-0.0031

3.014
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Description

Student is employed - Driving-
age child interaction
Non-student goes to school -
Full-time worker interaction
Non-student goes to school -
Part-time worker interaction
Non-student goes to school -
Non-working adult interaction
Non-student goes to school -
Retired interaction

No cars in household - Full-
time worker interaction

No cars in household - Part-
time worker interaction

No cars in household -
University student interaction
No cars in household - Non-
working adult interaction

No cars in household - Retired
interaction

No cars in household -
Driving-age student
interaction

No cars in household - Pre-
driving age child who is in
school interaction

Fewer cars than drivers in
household - University
student interaction

Fewer cars than drivers in
household - Driving-age
student interaction

Fewer cars than drivers in
household - Pre-driving age
child who is in school
interaction

Number of preschool children
in household - Full-time
worker interaction

Number of preschool children
in household - Part-time
worker interaction

Number of preschool children
in household - University
student interaction

1 Work

3.014

0.2191

2 Work

3.014

-1.306

-1.306

-1.306

-1.306

-1.306

-0.1478

-0.1478

-0.1478

1 School

3.883

3.883

3.883

3.883

-0.1335

-0.1335

2 School

-1.413

-1.413

-0.5759

-0.5759

-0.5759

-0.5577

1 Work, 1
School
3.014

3.883

3.883

-1.302
-1.302

-1.302

-1.302

-0.1251

-0.1251

-0.1251
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Description

Number of preschool children
in household - Non-working
adult interaction

Number of preschool children
in household - Retired
interaction

Number of preschool children
in household - Driving-age
student interaction

Number of preschool children
in household - Pre-driving age
child who is in school
interaction

Number of non-workers in
the household - Full-time
worker interaction

Number of non-workers in
the household - Part-time
worker interaction
Household income higher
than $50k - Full-time worker
interaction

Household income higher
than $50k - Part-time worker
interaction

Household income higher
than $50k - University student
interaction

Household income higher
than $50k - Non-working
adult interaction

Household income higher
than S50k - Retired
interaction

Household income higher
than $50k - Driving-age
student interaction
Household income higher
than S50k - Pre-driving age
child who is in school
interaction

Non-family household - Full-
time worker interaction
Non-family household - Part-
time worker interaction

1 Work

0.2191

0.2191

-0.0528

-0.0528

-0.0528

0

2 Work

-0.1478

-0.1478

-0.0528

1 School

-0.1335

-0.1335

0.2574

0.2574

0.0347

0.0347

0.0347

0.0347

-0.25

-0.25

2 School

0

-0.5577

-0.5577

1 Work, 1
School
0

-0.1251

0.0347

0.0347

-0.0528

-0.0528

-0.25

-0.25
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Description

Non-family household -
University student interaction
Non-family household - Non-
working adult interaction
Non-family household -
Retired interaction
Non-family household -
Driving-age student
interaction

Non-family household - Pre-
driving age child who is in
school interaction

Number of children under 16
not at school - Full-time
worker interaction

Number of children under 16
not at school - Part-time
worker interaction

Number of children under 16
not at school - University
student interaction

Number of children under 16
not at school - Non-working
adult interaction

Number of children under 16
not at school - Retired
Number of children under 16
not at school - Driving-age
student interaction

Number of children under 16
not at school - Pre-driving age
child who is in school
interaction

Home is in urban area - Full-
time worker interaction
Home is in urban area - Part-
time worker interaction
Home is in urban area -
University student interaction
Home is in urban area - Non-
working adult interaction
Home is in urban area -
Retired interaction

1 Work

-0.1792

-0.1792

-0.1792

-0.2831

0

2 Work

-0.1792

0.1804

0.1804

0.1804

0.1804

0.1804

0.2308

0.2308

0.2308

0.2308

0.2308

1 School

-0.25

-0.25

-0.1361

-0.1361

-0.1361

-0.1361

2 School

0.0866

0.0866

0.0866

1 Work, 1
School
-0.1792

-0.1792

-0.1955

-0.1955

-0.1955

-0.1955

-0.3509
-0.3509

-0.3509

84



Description 1 Work 2 Work 1 School 2 School 1 Work, 1

School
Home is in urban area - -0.2831 0 0 0.317 -0.3509
Driving-age student
interaction
Home is in urban area - Pre- -0.2831 0 0 0.317 0
driving age child who is in
school interaction
Unavailable: Full-time worker 0 0 0 -999 0
Unavailable: Part-time worker 0O 0 0 -999 0
Unavailable: Non-working 0 0 0 -999 -999
adult
Unavailable: Retired 0 0 0 -999 -999
Unavailable: Driving-age child  -999 -999 0 0 0
Unavailable: Pre-driving age 0 -999 0 0 -999
child who is in school
Unavailable: Pre-driving age -999 -999 0 -999 -999
child who is not in school
Unavailable: Work tours for -999 -999 0 0 -999
those with no usual work
location
Unavailable: School tours for 0 0 -999 -999 -999
those with no usual school
location

Individual Mandatory Tour Time of Day Choice

Number of Models: 1

Decision-Making Unit: Persons

Model Form: Multinomial Logit

Alternatives: 1176 (48 half-hour periods”2/2 + 48 periods/2)

After individual mandatory tours have been generated, the tour departure time from home and
arrival time back at home are chosen simultaneously. Note that it is not necessary to select the
destination of the tour, as this has already been determined. The model is a discrete-choice
construct that operates with tour departure-from-home and arrival-back-home time combinations
as alternatives. The utility structure is based on “continuous shift” variables and represents an
analytical hybrid that combines the advantages of a discrete-choice structure (flexible in
specification and easy to estimate and apply) with the advantages of a duration model (a simple
structure with few parameters, and which supports continuous time). The model has a temporal
resolution of 30 minutes, for a total of 48 half-hour periods. The model utilizes direct availability
rules for each subsequently scheduled tour, to be placed in the residual time window left after
scheduling tours of higher priority. This conditionality ensures a full consistency for the individual
entire-day activity and travel schedule as an outcome of the model.

The model utilizes household, person, and zonal characteristics, most of which are generic
across time alternatives. However, network level-of-service (LOS) variables vary by time of day
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and are specified as alternative-specific based on each alternative’s departure and arrival time.
By using generic coefficients and variables associated with the departure period, arrival period,
or duration, a compact structure of the choice model is created, where the number of
alternatives can be arbitrarily large depending on the chosen time unit scale, but the number of
coefficients to estimate is limited to a reasonable number. Duration variables can be interpreted
as “continuous shift” factors that parameterize the termination rate in such a way that if the
coefficient multiplied by the variable is positive, this means the termination rate is getting lower
and the whole distribution is shifted to the longer durations. Negative values work in the
opposite direction, collapsing the distribution toward shorter durations.

The tour-scheduling model is placed after destination choice and before mode choice. Thus, the
destination of the tour and all related destination and origin-destination attributes are known and
can be used as variables in the model estimation.

The choice alternatives are formulated as tour departure from home/arrival at home in hour
combinations (g, h ), and the mode choice logsums and bias constants are related to

departure/arrival periods (s,t). Tour duration is calculated as the difference between the arrival
and departure hours (N — @) and incorporates both the activity duration and travel time to and
from the main tour activity, including intermediate stops.

The tour time-of-day (TOD) choice utility has the following general form:

Vg, =V, +V, +D, +ﬂ|n(2vsth Equation 2

where:

V,,V, = departure and arrival time-specific components

Dy, = duration-specific components

m = entire-tour modes (SOV, HOV, walk to transit, drive to transit, non-

motorized)

Vi = mode utility for the tour by mode m, leaving home in period s (containing
hour h) and returning home in period t (containing g)

7, = mode choice logsum coefficient

The network simulations to obtain travel time and cost skims are implemented for eight broad
periods for auto modes: Night, Early A.M., A.M. Peak, Mid-Morning, Midday, Afternoon, P.M.
Peak, and Evening. For transit modes, there are also eight time periods in ActivitySim, but with
only four sets of unique time and cost skims, as shown in Table 2-2. Mode-choice logsums are
used for all relevant combinations of the four or eight time periods above.

Work, school, and university tour time of day coefficients are shown in Table 4-16, Table 4-17
and Table 4-18 respectively.

Observations from the work time of day estimation include:

o If the work tour is the second or later of two or more mandatory tours for that person, the
constants shift the tour away from the reference departure and duration bin.
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e If a work tour is the first of two or more mandatory tours, the constants shift the tour

towards the reference departure bin.

e High schoolers start work tours after 7am, which is expected as they have school in the

morning

e Those aged between 19 and 24 start later and arrive home later

e Those aged between 25 and 40 are less likely to start early and arrive home late, likely

due to the presence of children in the household.

o Workers over the age of 65 do not have significant coefficients as they can likely work

when they want to and the sample size for those individuals is likely small.

¢ Low-income workers arrive home earlier and are less likely to start at the reference

departure bin.

e Medium income workers start earlier and arrive later than the reference bins.

e The presence of non-working adults in the household was insignificant

e The presence of pre-driving aged children was mostly insignificant except for a

decreased likelihood to start early or arrive home late.

e University Students are unlikely to start early and are more likely to work late.

e Zero auto household are more likely to arrive late which could be explained through

increased tour lengths from using public transit.

e Work tours that had long distances to and from work started earlier and arrived home

later.

e The mode choice logsum coefficient was estimated very close to zero in the SEMCOG

model and was instead fixed to 0.2.

TABLE 4-16: WORK TOUR TIME OF DAY CHOICE MODEL COEFFICIENTS
Description
2nd or later of 2 plus mandatory tour Departure after 2 pm
2nd or later of 2 plus mandatory tour Duration gt dur ref
2nd or later of 2 plus mandatory tour Duration It dur ref
Age 16 to 18 yrs Departure After 7 am
Age 16 to 18 yrs Departure Before 7 am
Age 19 to 24 yrs Arrival after 6 pm
Age 19 to 24 yrs Departure After 7 am
Age 25 to 40 yrs Arrival before 5 pm
Age 25 to 40 yrs Departure Before 7 am
Arrival Constant 03 PM 04 PM 26
Arrival Constant 04 PM 04 PM 27
Arrival Constant 04 PM 05 PM 28
Arrival Constant 05 PM 05 PM 29

Coefficient
-0.134
0.527
0.458
0.157
0.00
0.0380
0.0328
-0.0281
-0.141
-0.645
-0.305
-0.189
0.00
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Description

Arrival Constant 05 PM 06 PM 30

Arrival Constant 06 PM 06 PM 31

Arrival Constant 06 PM 7 PM 32

Arrival Constant 7 PM 7 PM 33

Arrival Constant 7 PM 8 PM 34

Arrival Constant After 08 PM

Arrival Constant Before 03 PM

Arrival Constant Shift for every 30 minutes before 3 pm
Calibration constant Duration 0

Departure Constant 06 AM 06 AM 7

Departure Constant 06 AM 07 AM 8

Departure Constant 07 AM 08 AM 10

Departure Constant 08 AM 08 AM 11

Departure Constant 08 AM 09 AM 12

Departure Constant After 09 AM

Departure Constant Before 06 AM

Departure Constant Shift for every 30 minutes after 9 am Square Root
Departure Constant Shift for every 30 minutes before 6 am
Duration Constant 10p5 hours

Duration Constant 11 hours

Duration Constant 11p5 hours

Duration Constant 12 hours

Duration Constant 8p5 hours

Duration Constant Longer than 12 hrs

Duration Constant Shift for every 30 minutes less than 8p5 hrs
Duration Constant Shift for every 30 minutes more than 12 hrs
Female Arrival after 6 pm

Female Departure before 7 am

First of 2 plus mandatory tour Departure after 7 am

First of 2 plus mandatory tour Departure before 7 am

First of 2 plus mandatory tour Duration gt dur ref

First of 2 plus mandatory tour Duration It dur ref

Low income It 25000 Arrival after 6 pm

Low income It 25000 Departure after 7 am

Low income It 25000 Departure before 7 am

Med income 25k to 60k Arrival after 6 pm

Med income 25k to 60k Departure before 7 am

Medhigh income 60k to 120k Departure before 7 am

Mode Choice Logsum

Parttime worker Arrival after 6 pm

Parttime worker Arrival before 5 pm

Parttime worker Departure after 7 am

Parttime worker Departure before 7 am

Presence of PreDriving Age Children in the HH Arrival after 6 pm
Presence of PreDriving Age Children in the HH Departure before 7 am
Time SOV free flow to destination Arrival after 6 pm

Coefficient
0.250
0.240
0.155
0.00

-0.182
0.00

-0.863

-0.200

-1.21

-0.542

-0.0815

-0.125

-0.449

-0.984

-1.56

-0.192

-0.578

-0.723

-0.309

-0.658

-0.873

-1.36

-0.240

-1.10

-0.107

-0.492

-0.0289

-0.220

-0.0373

-0.156
0.158
0.305

-0.210
0.0639
0.231
0.0308
0.206
0.123
0.200

-0.253
0.273
0.240

-0.465

-0.0429

-0.0829
0.00164
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Description

Time SOV free flow to destination Arrival before 5 pm
Time SOV free flow to destination Departure after 7 am
Time SOV free flow to destination Departure before 7 am
University student Arrival after 6 pm

University student Departure after 7am

Zero auto HH Arrival after 6 pm

Observations from the school time-of-day choice estimation include:

e Preschool children are unlikely to start early and have coefficients that shift away from

the reference duration period

e Middle and high school children aged 13 to 17 are likely to start school early and have

long school tours, probably due to after school activities.

e Students in households where all the adults are full time workers are likely to leave for

Coefficient
-0.00392
-0.00264
0.00615
-0.0784
0.107
0.0548

school earlier than their counterparts and can be explained by the time constraints of

their parents’ schedules.

e Non-linear terms were needed to explain late departures.

e School tours start earlier and arrive later if the distance to school is farther.

e The mode choice logsum was estimated to be negative, and as such needed to be fixed.
A value of 0 was chosen with the rationale that school starts at the same time regardless

of congestion or mode accessibility.

TABLE 4-17: SCHOOL TOUR TIME OF DAY CHOICE COEFFICIENTS
Description

Age 0 to 5 yrs Departure Before 730 am

Age 0to 5 yrs Duration gt 8hrs

Age 0 to 5 yrs Duration It 8hrs

Age 13 to 15 yrs Departure After 800 am

Age 13 to 15 yrs Departure Before 730 am

Age 13 to 15 yrs Duration gt 8hrs

Age 16 to 17 yrs Departure After 800 am

Age 16 to 17 yrs Duration gt 8hrs

All adults in the household are fulltime workers Departure after 800 am Linear
All adults in the household are fulltime workers arrival before ref
Arrival Constant 0300 PM 0330 PM 25

Arrival Constant 0430 PM 0500 PM 28

Arrival Constant 0500 PM 0530 PM 29

Arrival Constant 0530 PM 0600 PM 30

Arrival Constant After 0600 PM

Arrival Constant Shift for every 30 minutes after 630 pm Linear
Departure Constant 0600 AM to 0630 AM 7

Coefficient

-0.815
0.242
0.174

-0.760
0.277
0.596

-0.882
0.696

-0.147

-0.166
0.227
-1.02
-1.44
-1.85
-2.33

-0.685
2.71
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Description Coefficient

Departure Constant 0630 AM to 0700 AM 8 -0.654
Departure Constant 0730 AM to 0800 AM 10 -0.483
Departure Constant After 0800 AM 1.03
Departure Constant Before 0600 AM -8.76
Departure Constant Shift for every 30 minutes after 830 am Square Root -0.498
Duration Constant 7 hours -1.87
Duration Constant 7p5 hours -0.382
Duration Constant 8p5 hours -0.274
Duration Constant 9 hours -0.818
Duration Constant Longer than 9 hrs -0.542
Duration Constant Shift for every 30 minutes less than 6p5 hrs Linear -0.198
Duration Constant Shift for every 30 minutes more than 9p5 hrs Linear 0.215
Duration Constant Shorter than 7 hrs -3.03
Time SOV free flow to destination Departure after 800 am Linear -0.00851
Time SOV free flow to destination Departure before 730 am Linear 0.00454
Time SOV free flow to destination arrival after ref 0.00214
Time SOV free flow to destination arrival before ref -0.00261

Variables in university time-of-day choice model are similar to that of the school model with
these key observations:

e No age variables for persons aged 17 or less, and persons aged 41 or over start later
e Non-linear terms were needed to explain late departures and arrivals

e University tours are longer later if the distance to university is farther

e Low-income persons are more likely to depart early

e If there is a subsequent tour, the tour duration is less likely to be more than 4 hours

TABLE 4-18: UNIVERSITY TOUR TIME OF DAY CHOICE COEFFICIENTS

Description Coefficient
Mode Choice Logsum 0.384
Age 41+ yrs Departure After 830 am Linear 0.0553
Age 41+ yrs Duration It 4hrs Linear -0.152
Arrival Constant Shift for every 30 minutes before 230 pm Linear -0.209
Arrival Constant Before 0300 PM -0.963
Arrival Constant 0300 PM 0330 PM 25 -0.628
Arrival Constant 0330 PM 0400 PM 26 0
Arrival Constant 0400 PM 0430 PM 27 -0.191
Arrival Constant After 0430 PM -0.665
Arrival Constant Shift for every 30 minutes after 500 pm Linear -0.210
Arrival Constant Shift for every 30 minutes after 500 pm Square Root 0.503

Departure Constant Shift for every 30 minutes before 700 am Linear -0.948



Description Coefficient

Departure Constant Before 0730 AM -0.296
Departure Constant 0730 AM to 0800 AM 10 -0.651
Departure Constant 0800 AM to 0830 AM 11 0
Departure Constant 0830 AM to 0900 AM 12 -0.526
Departure Constant After 0900 AM -0.536
Departure Constant Shift for every 30 minutes after 930 am Square Root -0.500
Duration Constant Shift for every 30 minutes less than 4p5 hrs Square Root 0.226
Duration Constant 4p5 hours 0.031
Duration Constant 5 hours 0
Duration Constant 5p5 hours 0.343
Duration Constant Shift for every 30 minutes more than 5p5 hrs Linear -0.115
Distance to destination Departure before 800 am Linear 0.00687
Distance to destination Departure after 830 am Linear 0.00369
Distance to destination Duration It 4 hrs Linear -0.0403
Distance to destination Duration gt 4 hrs Linear 0.0038
Distance to destination Duration It 4 hrs Square Root 0.0411
Income It 25k Departure before 800 am Linear 0.246
Income It 25k Duration It 4 hrs -0.262
Income 60k-120k Departure after 830 am Linear -0.0391
Income 60k-120k Duration gt 4 hrs -0.0415
Income gt 120k Departure after 830 am Linear -0.0393
Subsequent tour is work tour Departure after 830 am -0.292
Subsequent tour is work tour Duration It 4 hrs -0.482
Subsequent tour is work tour Duration gt 4 hrs -0.365
Subsequent tour is school tour Departure after 830 am -0.286
Subsequent tour is school tour Duration It 4 hrs 0.303
Subsequent tour is school tour Duration gt 4 hrs -0.247
Second tour of two mandatory tours Duration It 4 hrs -0.211
Second tour of two mandatory tours Duration gt 4 hrs -0.353

Generation of Joint Household Tours

In the current model structure, joint travel for non-mandatory activities is modeled explicitly in

the form of fully joint tours, where all members of the travel party travel together from the very
beginning to the end and participate in the same activities along the way. Other types of joint

travel like carpooling of workers and escorting children are not explicitly considered currently,
though they are handled implicitly through shared-ride alternatives in mode choice.

Each fully joint tour is considered a unit of modeling with a group-wise decision-making for the
primary destination, mode, frequency, and location of stops, etc. Formally, modeling joint
activities involves three linked stages (Figure 4-4):

e Ajoint tour frequency model that generates the number of joint tours by purpose/activity



type made by the entire household.

A travel party composition model that predicts whether the tour is composed of adults-only,

children-only, or adults and children. The purpose of the joint party composition model is to
narrow down the set of possible person participation choices modeled by the subsequent

sub-model.

And a person patrticipation model that predicts which household members participate in the

tour. Participation choice is modeled for each person sequentially. In this approach, a binary
choice model is calibrated for each activity, party composition and person type. The model
iterates through household members and applies a binary choice to each to determine if the
member participates. The model is constrained to only consider members with available
time-windows overlapping with the generated joint tour.

FIGURE 4-4: JOINT TOUR MODELS

‘ Frequency of fully-joint tours generated by shared activity

Shopping
Maintenance

Visiting
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Visi / Visi

Main / main
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Disc / Disc

Shop / shop
Shop / disc
Main / eati
Main / visi
Main / disc
Eati / Eati
Eati / visi

Shop / eati
Shop / visi

Discretionary
Shop / main

X

By purpose
‘ Travel party composition for shared activity ‘

- v
‘ Adults ‘ ‘Children‘ ‘Adults+ChiIdren‘

X

By purpose &

‘ Person participation in shared activity ‘ travel party

The joint tour frequency, composition, and participation models are described below.

Joint Tour Frequency

Number of Models:
Decision-Making Unit:
Model Form:
Alternatives:

1

Households

Multinomial Logit

21 (No Tours, 1 Tour segmented by purpose, 2 tours segmented
by purpose combination)

Joint tour frequencies are generated by households and include the number and purposes of
the joint tours. The alternatives in the model are combinations of the number of joint tours (0,1,
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or 2) by purpose (shop, maintenance, eating out, visiting, discretionary). The explanatory

variables in the joint tour frequency model include household variables, accessibilities, and
other urban form type variables. These variables are associated with one or more alternatives,
segmented by tour purpose. One of the most significant variables in the joint tour frequency
model is the presence and size of overlapping time-windows, which represent the availability of

household members to travel together after mandatory tours have been generated and
scheduled. This formulation provides ‘induced demand’ effects on the generation and

scheduling of joint tours; the frequency and duration of mandatory tours affects whether joint
tours are generated. The joint tour frequency model coefficients are shown in Table 4-19. The

bottom of the table lists alternative specific constants that were adjusted during model

calibration.

TABLE 4-19: JOINT TOUR FREQUENCY MODEL COEFFICIENTS

Purpose-specific effects

Variable
Number of non-mandatory patterns in household

Full-time workers (capped at 3)

Part-time workers (capped at 3)

Non-workers (capped at 3)

Retired persons (capped at 3)

University or driving-age students (capped at 3)

Pre-driving and pre-school children (capped at 3)
Number of mandatory patterns in household

Full-time workers (capped at 3)

Driving-age children (capped at 3)

Pre-driving and pre-school children (capped at 3)
Overlapping available time windows

Log max overlapping hours, adults

Log max overlapping hours, children

Log max overlapping hours, adults and children
Other household variables

Income $50-100k

Income > $100k

Household has no autos

Household has autos, but fewer than drivers

Household has more autos than workers

Zonal walk accessibility to retail employment

Purpose-generic effects

Variable

Number of stay-at-home patterns in household

Units of utility per joint tour of each purpose

Shop

0.205
0.187
0.708
0.941
0.765
0.547

-0.242

0.595
0.142
0.109

0.252
-0.303

No tours

Maint.

0.317
0.245
0.464
0.905
0.264
0.648

-0.301
-0.324
0.230

0.371
0.176
0.244

Units of utility

Eat Out

0.228
0.377
0.182
0.426

0.41
0.385

0.486

0.092

0.298
0.449

0.383
0.062

Two same purp.

Visit

0.645
0.133
0.548
0.558
0.281
0.601

0.0596
0.0092
0.0256

Discr.

0.128
0.498
0.287
0.614
0.755
0.533

0.193
0.386

0.343
0.116
0.221

Two diff. purp.
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Full-time workers (capped at 3) 1.175
Part-time workers (capped at 3) 1.447
Non-workers (capped at 3) 1.514
Retired persons (capped at 3) 0.605
University or driving-age students (capped at 3) 0.569
Pre-driving and pre-school children (capped at 3) 0.531

Model Calibration
Variable Value
asc_calib_0_tours 0
asc_1 Disc -5.650
asc_1 Eat -6.158
asc_1 Main -5.533
asc_1 Shop -5.974
asc_1 Visit -7.578
asc_2 DD -13.852
asc_2 ED -11.841
asc_2 EE -12.073
asc_2 EV -14.776
asc_2_MD -12.466
asc_2_ME -12.026
asc_2 MM -12.980
asc_2_MV -16.230
asc_2 SD -12.233
asc_2_SE -14.394
asc_2_SM -12.320
asc_2 SS -12.767
asc_2_SV -15.581
asc_2_VD -13.255
asc_2 VWV -17.320

Joint Tour Composition

Number of Models:
Decision-Making Unit:

Model Form:
Alternatives:

1

Joint Tour

Multinomial Logit

3 (Adults-only, Children-only, Adults + Children)

Joint tour party composition is modeled for each tour and determines the person types that
participate in the tour. The model is multinomial logit, and explanatory variables include the
maximum time window overlaps across adults, children and adults or children after mandatory

94



tours have been scheduled. Children are defined as person types 6 through 8. Other variables
include household structure, area type, and the purpose of the joint tour. Table 4-20 shows the
joint tour composition model coefficients.

TABLE 4-20: JOINT TOUR COMPOSITION COEFFICIENTS

Tour purpose

Tour purpose is Eating out - -0.968  -0.803
Tour purpose is Discretionary - 0.765 0.510
Household composition
Number of Full-time workers in household 1.024 - 0.362
Number of Part-time workers in household 0.541 - 0.316
Number of University students in household 0.825 - =
Number of Non-workers in household 0.626 - -0.372
Number of Pre-school children in household - 0.731 0.791
Number of Pre-driving-age schoolchildren in - 0.731 0.353
household
Number of driving-age schoolchildren in household - -0.267 -0.94
Other household variables
Income < $30k 1.248 - 0.576
Income $30-60k 0.837 - -
More cars than workers 1.386 - 0.751
Home zone is in urban area type 0.574 - -
Home zone is in suburban area type 0.511 - 0.128

Available time windows

Log max overlapping hours, adults 1.192 - -

Log max overlapping hours, adults and children - 1.841 -

Log max overlapping hours, children - - 1.958
Model Calibration

Alternative-specific constant - -30 -1.651

Joint Tour Participation

Number of Models: 1
Decision-Making Unit: Persons

Model Form: Multinomial Logit
Alternatives: 2 (Yes or No)

Joint tour participation is modeled for each person and each joint tour. If the person does not
correspond to the composition of the tour determined in the joint tour composition model, they
are ineligible to participate in the tour. Similarly, persons whose daily activity pattern type is
home are excluded from participating. The model relies on heuristic process shown in Figure
4-5 to assure that the appropriate persons participate in the tour as per the composition model.
A tour starts with no participants. Each person in the household decides whether to participate
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using a logit model. After all persons in the household have made their participation choice, the
software checks to see whether the party type constraint is met. For example, on an adults-only
tour, at least two household adults must participate. On a children-only tour, at least two
children must participate. On mixed tour, at least one household child and one household adult
must participate. Explanatory variables include the person type of the decision-maker, the
maximum pair-wise overlaps between the decision-maker and other household members of the
same person type (adults or children), household and person variables, and urban form
variables. Table 4-21 shows the joint tour composition model coefficients.
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FIGURE 4-5: JOINT TOUR PARTICIPATION MODEL

Adult + Children Travel Party

No - Restart with First Adult

v

Adult Participation
Choice Model

T—Yes — Next Adult

More Adults in

Adults On

Household? Tour?

Choice Model

Child Participation

Yes — Next Child

No — Restart with First Child

More Children
In Household?

Yes

Children On

Yes P Complete

TABLE 4-21: JOINT TOUR PARTICIPATION MODEL COEFFICIENTS

Variable

Person type - party composition interactions

Full-time worker, mixed party

Full-time worker, not mixed party

Part-time worker, adult party

Part-time worker, not adult party

Part-time worker, mixed party

University student, mixed party

Non-worker, adult party

Non-worker, mixed party

Preschool child, children party

Preschool child, mixed party

Pre-driving age schoolchild, children party

Pre-driving age schoolchild, mixed party

Driving-age schoolchild, children party

Driving-age schoolchild, mixed party

Person type - tour purpose interactions

Full-time worker, Eating out purpose

Participation

-3.566
0.5
-3.566
0.5
-0.366
-3.041
-3.164
0.715
-2.786
-1.893
-0.722
-1.752
-1.822
-1.353

0.716
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Variable Participation

Full-time worker, Eating out purpose not 0.5
Full-time worker, Discretionary purpose 0.4392
Full-time worker, Discretionary purpose not 0.5
Part-time worker, Eating out purpose 2.188
Part-time worker, Discretionary purpose 0.285
University student, Eating out purpose -0.820
Non-worker, Eating out purpose 0.162
Non-worker, Discretionary purpose -0.184
Preschool child, Eating out purpose 0.659
Preschool child, Discretionary purpose 0.128
Pre-driving-age schoolchild, Eating out purpose 1.391
Pre-driving-age schoolchild, Discretionary purpose 0.663
Driving-age schoolchild, Eating out purpose 2.344
Driving-age schoolchild, Discretionary purpose -0.668

Areatype - party composition interactions
Urban area, adult in adult party -

Urban area, adult in mixed party -0.137
Urban area, child in children party 1.210
Urban area, child in mixed party 0.627

Suburban area, adult in adult party -
Suburban area, adult in mixed party -0.060
Suburban area, child in children party -
Suburban area, child in mixed party -

Auto ownership - party composition interactions

More cars than workers, adult in adult party -0.213
More cars than workers, adult in mixed party -0.603
More cars than workers, child in children party -0.421
More cars than workers, child in mixed party -0.378

Income - party composition interactions

Income > $60Kk, adult in adult party -0.168
Income > $60k, adult in mixed party -0.026
Income > $60K, child in children party -0.562
Income > $60k, child in mixed party -0.153
Number of joint tours - party composition interactions
Number of joint tours, adult in adult party -0.324
Number of joint tours, adult in mixed party -0.358
Number of joint tours, child in children party 0.105
Number of joint tours, child in mixed party -0.509

Other available participants - party composition interactions
Number of other adults, adult in adult party

Number of other adults, adult in mixed party



Number of other children, child in children party 0

Number of other children, child in mixed party
Available time windows - party composition interactions

Log max overlapping hours between adult and other adults, adult party 0.844
Log max overlapping hours between adult and children, mixed party 2.189
Log max overlapping hours between child and adults, mixed party 1.538
Log max overlapping hours between child and other children, children 1.296
party

Model Calibration
Alternative-specific constant, not participate 1.296

Joint Tour Primary Destination Choice

Number of Models: 1
Decision-Making Unit: Joint Tour

Model Form: Multinomial Logit
Alternatives: Microzones

The joint tour primary destination choice model determines the location of the tour primary
destination. The destination is chosen for the tour and assigned to all tour participants. The
model works at an MAZ level, and sampling of destination alternatives is implemented to reduce
computation time. Explanatory variables include household and person characteristics, the tour
purpose, logged size (i.e., attraction) variables, round-trip mode choice logsum, distance, and
other variables. Note that the mode choice logsum used is based a ‘representative’ time period
for joint tours, which is currently off-peak, since the actual time period is not chosen until a later
model.

Joint tour destination choice model coefficients are shown in Table 4-22. They were estimated
using SEMCOG HTS data and calibrated with CMAP HTS to match the tour length frequency
distribution observed in CMAP. Size term coefficients are shown in their exponentiated form.

TABLE 4-22: JOINT TOUR DESTINATION CHOICE COEFFICIENTS

Distance Parameters Value Value Value Value Value Value
Mode Choice logsum 0.6755 0.6755 0.6755 0.6755 0.6755 0.6755
Distance, piecewise linear 0-2 -0.1499 -0.5609 -0.1677 -0.5609
miles

Distance, piecewise linear 2-5 -0.8671 -0.5655 -0.3192 -0.6055 -0.4955 -0.3485
miles

Distance, piecewise linear 5+ -0.2137 -0.1832 -0.1238 -0.1093 -0.1193 -0.1306
miles

Distance Interactions

Sample of alternatives 1 1 1 1 1 1

correction factor
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Size Variable 1 1 1 1 1
Size Term Coefficients

construc

manufac

tcu

wholesl

retail 0.225 1 0.742 0.482 0.212
fire

service 0.144 0.258 0.518 0.272
agnr

govt 0.144 0.518

Total Households 0.252
K8_enroll 0.465

highschool_enroll 0.166 0.098
large_college

small_college

Model Calibration

Distance 0-1 miles 1.5405 1.7699 2.0936 1.7699 2.0936
Distance 1-2 miles 0.0133 0.2170 0.5142 0.2170 0.5142
Distance 2-5 miles -0.1381 0.1687 0.2710 0.1687 0.2710
Distance 5-10 miles -0.3933 -0.1469 -0.285 -0.1469 -0.2850
Distance 10+ miles -0.3933 -0.6151 -0.9377 -0.6151 -0.9377
Origin outside Chicago and Dest -0.1407 -0.2354 -0.1407 -0.2354
in Chicago

Joint Tour Time of Day Choice

Number of Models: 1

Decision-Making Unit: Person

Model Form: Multinomial Logit

Alternatives: 1,176 (combinations of 48 half-hour tour departure and arrival

back at home combinations)

After joint tours have been generated and assigned a primary location, the tour departure time
from home and arrival time back at home are chosen simultaneously. The model is fully
described under Individual Mandatory Tour Time of Day Choice above. However, a unique
condition applies when applying the time-of-day choice model to joint tours. That is, the tour
departure and arrival period combinations are restricted to only those available for each
participant on the tour, after scheduling mandatory activities. Once the tour departure/arrival
time combination is chosen, it is applied to all participants on the tour. Joint tour time-of-day
choice coefficients are shown in Table 4-23.

Joint tours were estimated separately from the rest of the non-mandatory purposes due to the
model structure of ActivitySim having joint tours separated into its own specific model

0.522

0.478

2.0936
0.5142
0.2710
-0.2850
-0.9377
-0.2354
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(ActivitySim in estimation mode writes out a separate estimation data bundle for joint tours.)
However, there are many different tour purposes that can be joint tours. All joint tours were
estimated at the same time from the estimation data bundle, but the coefficients relate only to a
specific joint tour purpose. For this reason, there are a lot of coefficients to describe joint tours.

TABLE 4-23: JOINT TOUR TIME-OF-DAY CHOICE COEFFICIENTS

Coefficient Name

disc Arrival Constant 6:30 pm to 7 PM

disc Arrival Constant 7 PM to 7:30 pm

disc Arrival Constant 7:30 pm to 8 PM

disc Arrival Constant 8 PM to 8:30 pm

disc Arrival Constant 8:30 pm to 9 PM

disc Arrival Constant After 9 PM

disc Arrival Constant Before 6:30 pm

disc Arrival Constant Shift for every 30 minutes after 09:30 pm Linear
disc Arrival Constant Shift for every 30 minutes before 06 pm Linear
disc Auto Distance Duration gt 1 hrs Linear

disc Auto Distance Duration It 1 hrs Linear

disc Departure Constant 05 PM 05:30 pm

disc Departure Constant 05:30 pm 06 PM

disc Departure Constant 06:30 pm 07 PM

disc Departure Constant 8 AM to 8:30 am

disc Departure Constant 8:30 am to 9 AM

disc Departure Constant 9 AM to 9:30 am

disc Departure Constant 9:30 am to 10 AM

disc Departure Constant 10 AM to 10:30 am

disc Departure Constant After 07 PM

disc Departure Constant Before 05 PM

disc Departure Constant Shift for every 30 minutes after 07:30 pm Linear
disc Departure Constant Shift for every 30 minutes before 04:30 pm Linear
disc Departure Constant Shift for every 30 minutes before 07:30 pm Linear
disc Duration Constant 0 hours

disc Duration Constant Op5 hours

disc Duration Constant 1 hour

disc Duration Constant 2 hours

disc Duration Constant 2p5 hours or more

disc Duration Constant Shift for every 30 minutes more than 3 hrs Linear
disc Zero auto households Duration gt 1p5 hrs Linear

eatout Arrival Constant 01 PM to 01:30 pm

eatout Arrival Constant 01:30 pm to 02 PM

eatout Arrival Constant 7 PM to 7:30 pm

eatout Arrival Constant 7:30 pm to 8 PM

eatout Arrival Constant 8:30 pm to 9 PM

eatout Arrival Constant After 09 PM

eatout Arrival Constant Before 7 PM

eatout Arrival Constant Shift for every 30 minutes after 09:30 pm Linear
eatout Arrival Constant Shift for every 30 minutes before 06:30 pm Linear
eatout Departure Constant 06:30 pm 07 PM

eatout Departure Constant 07 PM 07:30 pm

eatout Departure Constant 11 AM 12 PM

eatout Departure Constant 12 PM 12:30 pm

eatout Departure Constant After 07:30 pm

eatout Departure Constant Before 05:30 pm

eatout Departure Constant Shift for every 30 minutes after 08 pm Linear
eatout Departure Constant Shift for every 30 minutes before 05 pm Linear
eatout Distance to destination Duration gt 1 hrs

eatout Distance to destination Duration It 1 hrs

eatout Duration Constant 0 hours

eatout Duration Constant Op5 hours

Value
7.49
5.58
3.98
2.05
0.00

-2.33
9.12

-2.49
1.98
0.00679

-0.321

-4.40

-2.07
1.79
0.629
1.71
1.48
1.37
1.40
2.98

-6.56
1.43

-2.05

-0.524

-7.09

-3.56

-1.15
1.83
3.58
1.68
0.293
1.07
1.04
0.649
0.741

-0.209
0.00
1.32

-0.985
0.363
0.140
0.631
0.980
0.691
0.0190

-1.03
0.0143

-0.525
0.0121

-0.200

-2.01

-0.319
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eatout Duration Constant 1 hour

eatout Duration Constant 1p5 hours

eatout Duration Constant 2 hours or more

eatout Joint Tours Party Size greater than 2 Duration It 1 hrs
eatout Kids in Joint tour Duration It 1 hrs

eatout Medium 25k to 60k Duration It 1 hrs

maint Arrival Constant 01:30 pm 02:30 pm

maint Arrival Constant 04 PM 04:30 pm

maint Arrival Constant 10:30 am 11 AM

maint Arrival Constant 11 AM 11:30 am

maint Arrival Constant 11:30 am 01:30 pm

maint Arrival Constant After 04:30 pm

maint Arrival Constant Before 10:30 am

maint Arrival Constant Shift for every 30 minutes after 5 pm Linear

maint Departure Constant Shift for every 30 minutes before 07:30 am Square Root

maint Distance Duration gt 1p5 hr

maint Distance Duration It 1p5 hrs

maint Duration Constant O hrs

maint Duration Constant Op5 hrs

maint Duration Constant Duration gt 1 hrs Linear

maint Duration Constant Duration gt 1 hrs Square Root

maint Duration Constant Longer than Op5 hrs

maint Joint Maintenance tours dummy Departure after 10:30 am Linear
maint Joint Maintenance tours dummy Departure before 10 AM Linear
shop Arrival Constant 03 PM 03:30 pm

shop Arrival Constant 03:30 pm 04 PM

shop Arrival Constant 04 PM 04:30 pm

shop Arrival Constant 04:30 pm 05 PM

shop Arrival Constant 05 PM 05:30 pm

shop Arrival Constant 05:30 pm 07 PM

shop Arrival Constant 12:30 pm 03 PM

shop Arrival Constant After 09:30 pm

shop Arrival Constant Before 12:30 pm

shop Arrival Constant Shift for every 30 minutes after 10 pm Linear
shop Arrival Constant Shift for every 30 minutes before 12 pm Linear
shop Departure Constant Shift for every 30 minutes after 11:30 am Squared
shop Departure Constant Shift for every 30 minutes before 08:30 am Linear

shop Departure Constant Shift for every 30 minutes before 08:30 am Square root

shop Distance Duration gt 1p5 hr

shop Distance Duration It 1p5 hrs

shop Duration Constant 0 hrs

shop Duration Constant 1p5hrs

shop Duration Constant 2 hrs

shop Duration Constant Duration gt 2p5 hrs Linear

social Arrival Constant 8:30 pm to 9 PM

social Arrival Constant 9 PM to 9:30 pm

social Arrival Constant 9:30 pm t0o10 PM

social Arrival Constant After 10:30 pm

social Arrival Constant Before 8:30 pm

social Arrival Constant Shift for every 30 minutes after 11 pm Linear
social Arrival Constant Shift for every 30 minutes before 08 pm Linear
social Auto Distance Duration gt 1 hrs Linear

social Auto Distance Duration It 1 hrs Linear

social Departure Constant 05:30 pm 06 PM

social Departure Constant 07 PM 07:30 pm

social Departure Constant 09 AM to 09:30 am

social Departure Constant After 07:30 pm

social Departure Constant Before 05:30 pm

social Departure Constant Shift for every 30 minutes before 05 pm Linear
social Departure Constant Shift for every 30 minutes before 08:30 am Linear
social Duration Constant 2p5 hours

0.00
0.0664
-0.180
-1.17
1.43
-1.31
0.327
-0.285
1.41
1.50
0.646
-0.238
1.06
-0.426
0.00
0.00849
-0.101
0.00
0.00
-0.142
0.00
0.00
0.136
-0.500
1.11
0.589
0.630
0.742
0.868
0.670
1.12
-0.775
1.34
-0.763
-0.178
0.00
-1.10
0.00
0.0132
-0.0724
-1.51
0.363
-0.155
-0.533
1.23
1.33
0.00
-1.09
1.74
-0.832
0.339
0.00735
-0.0861
-0.479
0.247
0.00
0.117
-1.66
-0.344
-1.25
0.421

102



social Duration Constant 3 hours or more 0.586
social Duration Constant Shift for every 30 minutes less than 1p5 hrs Linear -0.622
social Duration Constant Shift for every 30 minutes more than 3p5 hrs Linear 0.0680

Individual Non-Mandatory Tour Frequency

Number of Models: 8 (segmented by 8 person types)

Decision-Making Unit: Person

Model Form: Multinomial Logit

Alternatives: 89 (Corresponding to most frequently observed combinations of
number of individual maintenance and discretionary tours by
purpose)

The third tour frequency model generates all non-mandatory individual tours at the person level.
This model determines the number of both maintenance and discretionary tours simultaneously,
at the person level, by purpose. There are six different types of maintenance and discretionary
activities (escort, shopping, other maintenance, eat out, social, other discretionary), and a large
number of possible combinations of each (assuming a maximum of 4 individual
maintenance/discretionary tours per day, the number of possible combinations is 64 = 1,296
alternatives, many of which are not observed in the data). Therefore, a simplification of the
alternatives is used in which only the most frequently observed combinations of tours by
purpose and number are available in the logit model. There are 96 alternatives, as shown in
Table 4-24. Individual non-mandatory tour coefficients are shown in Table 4-25. The model was
initially calibrated to match observed tour frequency in the household travel survey, which
resulted in an over-prediction of traffic volumes and VMT in highway assignment. The model
was re-calibrated to household travel survey data without under-reporting adjustments. The
bottom of Table 40 lists the final calibrated alternative specific constants by purpose.

Certain alternatives are defined as “one or more tours” of a certain purpose. If such alternatives
are chosen, a subsequent frequency model determines the exact number of tours for those
cases (either 1 or 2), based on the person type and the number of mandatory and fully joint
tours already generated for the decision-maker, as shown in Table 4-26. For example,
alternative 5 has at least one or more eating tours and no tours for any other purpose.
Alternative 49 has 1 escorting tour and one or more shopping tours, and no tours for any other
purpose. Only rows with probabilities for at least one additional tour are shown in the table.

TABLE 4-24: INDIVIDUAL NON-MANDATORY TOUR FREQUENCY ALTERNATIVES

1 0 0 0 0 0 0
2 0 0 0 0 0 1+
3 0 0 0 0 1+ 0
4 0 0 0 0 1+ 1+
5 0 0 0 1+ 0 0
6 0 0 0 1+ 0 1+
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23
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1+
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1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

28
29
30
31

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

1+

32

33
34
35
36
37

1+

1+

1+

1+

1+

1+

1+

38
39

1+

1+

1+

1+

1+

40

1+

41

1+

1+

42

1+

1+

43

1+

1+

1+

44
45

1+

1+

1+

1+

1+

46

1+

1+

1+

a7

1+

1+

1+

1+

48

1+

49

1+

1+

50
51

1+

1+

1+

1+

1+

52

1+

1+

53
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1+

1+

1+

54
55
56
57

1+

1+

1+

1+

1+

1+

1+

1+
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1+

1+

1+

58
59

1+

1+

1+

1+

1+

1+

1+

60
61

1+

1+

1+

1+

1+

1+

1+

62

1+

1+

1+

1+

63
64
65
66
67

2+

1+

2+

1+

2+

1+

1+

2+

1+

2+

68
69

1+

1+

2+

1+

1+

2+

70
71

1+

1+

1+

2+

1+

2+

72
73

1+

1+

2+

1+

1+

2+

74
75
76
77
78
79
80
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1+

1+

1+

2+

1+

1+

2+

1+

1+

1+

2+

1+

1+

1+

2+

1+

2+

1+

1+

2+

1+

1+
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1+

1+

1+
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1+

1+

2+
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1+

1+

1+

2+

1+

1+

1+

2+

85

86
87

1+

1+

2+

1+

1+

1+

2+

1+

1+

1+

2+

88
89

1+

1+

1+

2+

1+

1+

1+

2+

90
91

1+

1+

1+

2+

1+

1+

1+

1+

2+

92
93
94
95
96

1+

1+

1+

2+

1+

1+

1+

1+

2+

1+

1+

1+

1+

2+

1+

1+

1+

1+

1+

2+
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TABLE 4-25: INDIVIDUAL NON-MANDATORY TOUR FREQUENCY MODEL COEFFICIENTS

Tour frequency
Zero (only available with mandatory or joint tours) - - - - - - - -

1 -7.357 -7.639 -6.214 -8.979 -8.568 -7.151 -7.486 -5.759
2 -10.647 -10.456 -8.908 -12.025 -12.742 -11.121 -10.718 -11.517
3 -13.5 -14.018 -12.326 -14.852 -15.098 -13.175 -13.788 -17.276
4 -16.396 -16.972 -15.811 -17.704 -19.544 N/A N/A -23.035
5 -19.684 N/A N/A N/A -20.790 N/A N/A N/A
6+ N/A N/A N/A N/A N/A N/A N/A N/A
Number of mandatory tours
Tour frequency =0 - - - - - - -
Tour frequency =1 - -0.239 -0.185 -0.677 - -0.234 -1.033
Tour frequency =2 -0.889 -1.821 -0.875 -1.052 -5.020 -0.923 -2.745
Tour frequency =3 -2.334 -2.592 -1.616 -1.052 -5.020 -6.583 -2.745
Tour frequency =4 -2.334 -2.592 N/A N/A N/A N/A N/A
Tour frequency =5 -2.334 -2.592 N/A N/A N/A N/A N/A
Number of joint tours
Tour frequency =0 - - - - - - - -
Tour frequency =1 - - - -0.170 - -0.216 -0.615 -
Tour frequency =2 - -1.199 -0.315 -0.428 -0.950 -0.359 -0.615 -
Tour frequency =3 - -1.199 -0.735 -0.655 -7.143 -4.27 N/A -
Tour frequency =4 - -1.199 N/A -1.041 N/A N/A N/A -
Tour frequency =5 - N/A N/A -1.041 N/A N/A N/A -
Number of joint tours with same purpose as
alternative
Shop - - -0.713 -0.239 -0.807 - - -
Maintenance - - - - - - -1.348 -
Eating Out -0.587 - - -0.773 - - - -
Visit - - - - - - - -
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Discretionary

Log max available time window

Tour frequency =0
Tour frequency =1
Tour frequency =2
Tour frequency =3
Tour frequency =4
Tour frequency =5

Income $20-50k

Tour frequency =1
Tour frequency =2
Tour frequency =3
Tour frequency =4
Tour frequency =5

Income $50-100k

Tour frequency =1
Tour frequency =2
Tour frequency =3
Tour frequency =4
Tour frequency =5

Income more than $100k

Tour frequency =1
Tour frequency =2
Tour frequency =3
Tour frequency =4
Tour frequency =5

Alternative contains shop tour

Income $20-50k
Income $50-100k

1.256
1.287
1.399
1.399
1.399

0.498
0.835
1.021
1.021
1.021

0.498
0.835
1.021
1.021
1.021

0.519
1.134
1.390
1.390
1.390

1.575
2.003
2.003
2.003
2.003

0.598
0.918
1.754
1.754
1.754

0.868
1.536
1.933
1.933
1.933

0.868
1.536
1.933
1.933
1.933

0.442
0.442

0.671

1.186
1.484
1.484
1.484
1.484
1.484

0.111
0.391
0.614
0.614
0.614

0.399
0.801
0.825
0.825
0.825

0.569
0.569

1.764
1.793
1.793
1.793
1.793

0.571
0.831
0.831
0.831
0.831

0.743
0.855
1.079
1.079
1.079

1.063
1.063
1.774
2.394
2.394

0.773
0.891

1.836
2.271
4.402
4.402
4.402

1.095
1.095

1.330
1.376
3.281
3.281
3.281

0.244

1.560
1.560
1.560
1.560
1.560

1.087
1.087
1.087
1.087
1.087

1.520
1.520
1.520
1.520
1.520

2.018
2.018
2.018
2.018
2.018

-0.651
-0.651
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Income more than $100k - 0.707 0.569 0.978 1.095 0.244 -0.651
Alternative contains maintenance tour

Income $20-50k - 0.676 - - 0.765 - -
Income $50-100k - 0.676 - - 0.765 0.398 -
Income more than $100k - 0.676 - - 1.379 0.398 -
Alternative contains eating out tour
Income $20-50k - - - 0.277 0.977 - -0.701
Income $50-100k 0.558 - -0.721 0.463 1.181 0.492 -0.701
Income more than $100k 0.558 - -0.721 0.709 1.484 0.492 -0.701
Alternative contains discretionary tour
Income $20-50k - 0.296 - 0.171 1.009 0.917 -
Income $50-100k 0.257 0.296 - 0.501 1.009 1.405 -
Income more than $100k 0.257 0.296 - 0.885 1.009 2.327 -
Alternative contains visiting tour
Income $20-50k - -0.687 - -0.267 - - -
Income $50-100k -0.242 -0.687 -0.369 -0.267 -0.437 0.286 -
Income more than $100k -0.242 -0.687 -0.369 -0.945 -0.514 0.286 -
Person is female
Tour frequency =1 -0.077 - 0.097 0.39 -0.935 - -
Tour frequency =2 -0.106 - 0.236 0.532 -1.303 - -
Tour frequency =3 -0.327 - 1.900 0.745 -2.266 - -
Tour frequency =4 -0.327 - 1.900 1.129 -2.266 - -
Tour frequency =5 -0.327 - 1.900 1.129 -2.266 - -
Alternative contains escort tour 0.182 - - - - - -
Alternative contains shop tour - 0.452 - - 0.969 - -
Alternative contains maintenance tour - - - -0.246 0.742 - -
Alternative contains eating out tour - - -0.657 - - = =
Alternative contains discretionary tour - 0.307 -0.327 - 0.495 - -

Household has zero cars
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Tour frequency =1
Tour frequency =2
Tour frequency =3
Tour frequency =4
Tour frequency =5
Alternative has escort tour
Household has fewer cars than workers
Tour frequency =1
Tour frequency =2
Tour frequency =3
Tour frequency =4
Tour frequency =5
Household has more cars than workers
Tour frequency =1
Tour frequency =2
Tour frequency =3
Tour frequency =4
Tour frequency =5
Presence of non-worker in household
Tour frequency =1
Tour frequency =2
Tour frequency =3
Tour frequency =4
Tour frequency =5
Presence of retired person in household
Tour frequency =1
Tour frequency =2
Tour frequency =3
Tour frequency =4

-0.349
-0.349
-0.349
-0.349
-0.349
-2.000

0.130
0.130
0.130
0.130
0.130

-0.55
-0.55
-0.55
-0.55
-0.55

-0.581
-0.581
-0.581
-0.581
-0.581
-2.000

-0.581
-0.581
-0.581
-0.581
-0.581

-0.851
-1.180
-1.180
-1.180
-1.180

-0.362
-1.272
-1.931
-1.931
-1.931
-2.000

-0.362
-1.272
-1.931
-1.931
-1.931

0.774
0.774
0.774
0.774
0.774

-0.376
-0.719
-1.023
-1.023
-1.023

-0.464
-0.479
-0.479
-0.479

0.797
2.130
2.130
2.130
2.130

0.224
0.244
0.620
3.374
3.374

-0.446
-0.531
-0.531
-0.531

-0.637
-0.637
-0.637
-0.637
-0.637
-2.000

-0.637
-0.637
-0.637
-0.637
-0.637

0.29
2.035
2.035
2.035
2.035

-0.657
-1.404
-1.404
-1.404

0.218
0.218
0.218
0.218
0.218
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Tour frequency =5
Presence of preschool child in household
Tour frequency =1
Tour frequency =2
Tour frequency =3
Tour frequency =4
Tour frequency =5

Presence of pre-driving-age schoolchild in
household
Tour frequency =1

Tour frequency =2
Tour frequency =3
Tour frequency =4
Tour frequency =5

Alternative has escort tour
Presence of full-time worker in household
Presence of part-time worker in household
Presence of non-worker in household
Presence of retired person in household
Presence of university student in household
Presence of driving-age schoolchild in household

Presence of pre-driving-age schoolchild in
household
Presence of preschool child in household

Presence of driving-age child with at-home pattern

Presence of preschool child with at-home pattern
Alternative has shop tour

Presence of full-time worker in household

Presence of part-time worker in household

Presence of non-worker in household

-0.482
-0.808

0.360
1.397

0.684
-0.275
-1.568

-0.306
-0.154
-0.416

-0.156
-0.568
-0.568
-0.568
-0.568

-0.996
-1.910
-2.847
-2.847
-2.847

0.949

2.146

-0.773
-0.520

-0.479

-0.716
-0.716
-0.716
-0.716
-0.716

0.149
0.484
0.484
0.484
0.484

0.395
-0.586

1.377

0.719
-1.148
-0.137

-0.531

1.490

0.503

-0.322
-1.087
-1.087
-1.087
-1.087

-0.444
-0.444
-0.444
-0.444
-0.444

-0.226
-0.226
-0.226
-0.226
-0.226

-0.645

-0.893

0.890

1.155
0.808
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Presence of retired person in household - - = = = - - -
Presence of university student in household - - - - - - - -
Presence of driving-age schoolchild in household - - = = o - - -

Presence of pre-driving-age schoolchild in - - - - - - 0.937 -
household
Presence of preschool child in household -0.208 - 1.314 - - - - -

Presence of driving-age child with at-home pattern - - - - - - - -
Presence of preschool child with at-home pattern - - - - = 5 - -
Alternative has maintenance tour

Presence of full-time worker in household -0.168 -0.313 - - o - - -
Presence of part-time worker in household -0.158 -0.562 - - - - - -
Presence of non-worker in household -0.324 - - = o - - -

Presence of retired person in household - - - - - - - -
Presence of university student in household - - - = = - - -
Presence of driving-age schoolchild in household - - - - - - - -

Presence of pre-driving-age schoolchild in - - 0.386 - - - - -
household
Presence of preschool child in household - - 0.969 - - - - -

Presence of driving-age child with at-home pattern - - - - - - - -
Presence of preschool child with at-home pattern - - - - - - - -
Alternative has eating out tour
Presence of full-time worker in household -0.357 - -0.525 -0.467 -0.788 - - -
Presence of part-time worker in household - - -1.980 - -0.788 - - 1.037
Presence of non-worker in household -0.201 -0.654 - -0.498 -0.788 - -1.307 1.157
Presence of retired person in household -0.571 -1.389 - -0.691 -0.928 - - -
Presence of university student in household - -1.432 -0.653 - - - - -
Presence of driving-age schoolchild in household - - - - - -0.638 - -

Presence of pre-driving-age schoolchild in - - - - - -1.570 - -
household
Presence of preschool child in household -0.423 - - - - -0.299 - -

Presence of driving-age child with at-home pattern - - - -0.393 - - - -
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Presence of preschool child with at-home pattern - - - -0.393 - - -
Alternative has discretionary tour

Presence of full-time worker in household -0.667 - -0.483 -0.355 -0.484 - 0.753
Presence of part-time worker in household -0.210 - - -0.355 - - 0.372
Presence of non-worker in household -0.428 -1.037 0.978 - -0.560 - -
Presence of retired person in household -0.910 - - - - - -
Presence of university student in household -0.855 - -0.654 - - -1.283 -
Presence of driving-age schoolchild in household -0.396 - - - - -0.920 -
Presence of pre-driving-age schoolchild in -0.396 - - - - - -
household
Presence of preschool child in household -0.508 - - - - - -
Presence of driving-age child with at-home pattern -0.470 - - - - - -
Presence of preschool child with at-home pattern -0.470 - - - - - -
Zonal walk accessibility to retail employment
Tour frequency =1 - 0.090 - 0.071 0.062 - -
Tour frequency =2 - 0.145 - 0.126 0.062 - -
Tour frequency =3 - 0.348 - 0.151 0.062 - -
Tour frequency =4 - 0.348 - 0.151 0.062 - -
Tour frequency =5 - 0.348 - 0.151 0.062 - -
Zonal off-peak transit accessibility to retail
employment
Tour frequency =1 0.023 - 0.066 - - - -
Tour frequency =2 0.023 - 0.066 - - - -
Tour frequency =3 0.023 - 0.066 - - - -
Tour frequency =4 0.023 - 0.066 - = = =
Tour frequency =5 0.023 - 0.066 - - - -
Zonal off-peak auto accessibility to retail
employment
Tour frequency =1 - - - - - 0.100 -
Tour frequency =2 - - - - - 0.100 -
Tour frequency =3 - - - - - 0.100 -
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Tour frequency =4
Tour frequency =5

Alternative has escort tour

Zonal walk accessibility to retail employment

Zonal off-peak transit accessibility to retail
employment

Zonal off-peak auto accessibility to retail
employment

Alternative has shop tour

Zonal walk accessibility to retail employment

Zonal off-peak transit accessibility to retail
employment

Zonal off-peak auto accessibility to retail
employment

Alternative has maintenance tour

Zonal walk accessibility to retail employment

Zonal off-peak transit accessibility to retail
employment

Zonal off-peak auto accessibility to retail
employment

Alternative has eatout tour

Zonal walk accessibility to retail employment

Zonal off-peak transit accessibility to retail
employment

Zonal off-peak auto accessibility to retail
employment

Alternative has discretionary tour

Zonal walk accessibility to retail employment

Zonal off-peak transit accessibility to retail
employment

Zonal off-peak auto accessibility to retail
employment

Home zone is in urban area type

Tour frequency =1
Tour frequency =2

0.033

0.107

0.075

0.145

0.057

0.084

0.097

0.031

0.094

-1.165
-2.318

0.060

0.077

0.100 =
0.100 -

- 0.074
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Tour frequency =3
Tour frequency =4
Tour frequency =5
Home zone is in urban area type
Alternative has escort tour
Alternative has shop tour
Alternative has maintenance tour
Alternative has eatout tour
Alternative has discretionary tour
Telecommute One Day A Week
Tour frequency =1

Tour frequency >1

Telecommute Two or Three Days A Week
Tour frequency =1
Tour frequency >1

Telecommute Four Days A Week
Tour frequency =1

Tour frequency >1

Constants
Alternative has 1 escort tour
Alternative has 2+ escort tours
Alternative has shop tour
Alternative has maintenance tour
Alternative has eating out tour
Alternative has visit tour
Alternative has discretionary tour

-0.005

-0.348

0.142
-0.041

-0.406

-0.447

-0.996
-0.0621
-1.229
0.213
-1.196
-0.716
-0.523

0.005

0.348
0.142

0.041

0.406

0.447

-0.827
-0.366
-1.202

0.239
-0.403
-0.387
-0.248

-2.503
-2.503
-2.503

0.852
0.533
1.032

0.68
0.956

-0.005

-0.348

0.142
-0.041

-0.406

-0.447

-0.186
1.157
0.630
2.507
1.207
1.377
0.879

-0.946
0.430
-0.00648
0.334
-0.419
0.0387
0.570

-1.098
0.0892
-0.295
0.0889
-0.456

0.100

0.457

1.039

-1.822
-1.433
-1.253
-1.139
-0.976
-1.097
-1.277

-2.202
-0.686
-1.823
-0.696
-0.742
-1.168
-1.062
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TABLE 4-26: INDIVIDUAL NON-MANDATORY TOUR EXTENSION CUMULATIVE PROBABILITIES

Person
Type

G PRARPFPONOUOPDSWNPREPOODODWNPEPOOUUWNRPEPONOOOPAWNREPOORPNOOOONEPEPOONOOGMWDNEPRE

Number of
Mandatory
Tours

P RPPOOOOOCOO0OO0OCORPRPFRPOOCOFRFRPPPPOOOOOOOOPFRPORP,PFPPRPPPLPOOOOOOODO

Number
of Joint
Tours

O OO0 0000000 ORFRPFPPFPPPOOOODOOODODODOOOORPFP OOOOODOOOOOOoOOoODOo

Individual
Discretionary
Tour Purpose

WWWWWWWWWWWNRNRNNNNNNNONNNNMNNNNMNNNNNNRPRPRPRPRPRPRERERRRERERRPR

Additional Tours

0

83.0%
76.9%
89.4%
75.0%
84.2%
71.4%
81.5%
75.0%
78.9%
60.0%
82.6%
83.7%
60.0%
84.2%
77.8%
89.3%
84.1%
97.1%
97.0%
87.0%
86.7%
97.1%
93.1%
88.5%
72.7%
97.1%
89.6%
88.5%
91.0%
88.0%
80.0%
96.5%
88.9%
93.6%
90.6%
97.9%
92.9%
90.2%
86.4%
94.7%
91.3%
89.3%
85.7%
91.6%

1

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%

99.1%

99.3%
100.0%
100.0%

99.4%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%

99.3%
100.0%

99.3%
100.0%
100.0%
100.0%
100.0%

99.8%
100.0%
100.0%
100.0%

99.2%
100.0%
100.0%
100.0%

98.7%
100.0%

99.6%

2

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
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Person
Type

00O ~NO OIS, WNPFPOWNRPEPOOODUIWOWNREPONMNPNOUUGRARNRPEPOOOGPRMWDNREPOOOONRENONEREOOONOO

Number of
Mandatory
Tours

O 000000 O0OFRP,PFPOOFRPPFPPOOOORPRPOOPFRPPRPPPPPOOOOOOORPRPFPPPOOOOPRLEPRFREPR

Number
of Joint
Tours

OO0 0O 0OO0D0OO0OO0OFRPFPPFPPFPOOOOOOORFRPFPPRPPFPOOOOOOOOOOOOOR,RFPFPPFRPEPEPEP,PEPOODO

Individual
Discretionary
Tour Purpose

OO0 oo, DMDAMDMMBAEDMMBMRAEDMMBEEDMDEDIDDDEWWWWWWWWWWW

Additional Tours

0

85.6%
100.0%
100.0%

91.6%

91.2%

83.3%

96.2%

97.8%

97.3%

99.6%

92.2%

92.2%

90.1%

99.7%

99.1%

92.2%

95.5%

95.5%

94.1%

92.6%

87.5%

91.5%

94.8%

66.7%

92.6%

90.4%

91.1%

96.3%

97.7%

98.2%

98.6%

87.5%

96.4%

98.6%

95.2%

92.7%

94.1%

97.3%

93.3%

93.8%

88.9%

96.7%

94.2%

88.0%

92.6%

96.8%

90.6%

1

98.4%
100.0%
100.0%

99.2%

98.2%
100.0%
100.0%

98.9%
100.0%
100.0%

98.0%

99.6%
100.0%
100.0%
100.0%

98.0%
100.0%
100.0%

97.1%
100.0%
100.0%
100.0%

99.4%
100.0%

98.8%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%

98.9%
100.0%

99.8%
100.0%
100.0%
100.0%
100.0%
100.0%

2

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
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85.9% 100.0% 100.0%
81.8% 97.0% 100.0%
95.2% 100.0% 100.0%
87.9% 99.8% 100.0%
86.3% 98.5% 100.0%
90.0% 100.0% 100.0%
92.8% 99.7% 100.0%
85.9% 99.2% 100.0%
92.0% 100.0% 100.0%
90.5% 100.0% 100.0%
98.3% 100.0% 100.0%
92.8% 98.8% 100.0%
98.3% 100.0% 100.0%
93.9% 100.0% 100.0%
93.8% 100.0% 100.0%

OB WNRNONRNOOOANLER
PR RPRRPRPOOOORRERERERPR
PRRPRRRPRPRRLRRLOOOOOO
o e M Mo IR o M e M Ml e M o Mo Wi Wi e MR o A o))

Individual Non-Mandatory Tour Primary Destination Choice

Number of Models: 1
Decision-Making Unit: Person

Model Form: Multinomial Logit
Alternatives: Microzones

The individual non-mandatory tour primary destination choice model determines the location of
the tour primary destination. The model works at an MAZ level, and sampling of destination
alternatives is implemented in order to reduce computation time. Explanatory variables include
household and person characteristics, the tour purpose, logged size (i.e., attraction) variables,
round-trip mode choice logsum, distance, and other variables. Note that the mode choice
logsum used is based on a ‘representative’ time period for individual non-mandatory tours,
which is currently off-peak, since the actual time period is not chosen until later in the system.
Coefficients in the model are shown in Table 4-27. These models were estimated using
SEMCOG HTS data and calibrated with CMAP HTS to match the tour length frequency
distribution observed in CMAP. Geographic calibration was added to correct the over-prediction
of tours going to the City of Chicago. Size term coefficients are shown in their exponentiated
form.

TABLE 4-27: INDIVIDUAL NON-MANDATORY TOUR DESTINATION CHOICE COEFFICIENTS

Distance Parameters Value Value Value Value Value Value
Mode Choice logsum 0.6755 0.6755  0.6755 0.6755 0.6755 0.6755
Distance, piecewise linear 0-2 -0.1499 -0.5609 -0.1677 -0.5609
miles
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Distance, piecewise linear 2-5 -0.8671 -0.5655 -0.3192 -0.6055 -0.4955 -0.3485
miles

Distance, piecewise linear 5+ -0.2137 -0.1832 -0.1238 -0.1093 -0.1193 -0.1306
miles

Distance Interactions

Sample of alternatives 1 1 1 1 1 1
correction factor

Size Variable 1 1 1 1 1 1
Size Term Coefficients

construc

manufac

tcu

wholesl|

retail 0.225 1 0.742 0.482 0.212 0.522
fire

service 0.144 0.258 0.518 0.272 0.478
agnr

govt 0.144 0.518

Total Households 0.252

K8 enroll 0.465

highschool_enroll 0.166 0.098
large_college

small_college
Model Calibration

Distance 0-1 miles 1.5405 1.7699 2.0936 1.7699 2.0936 2.0936
Distance 1-2 miles 0.0133 0.2170 0.5142 0.2170 0.5142 0.5142
Distance 2-5 miles -0.1381 0.1687 0.2710 0.1687 0.2710 0.2710
Distance 5-10 miles -0.3933 -0.1469 -0.285 -0.1469 -0.2850 -0.2850
Distance 10+ miles -0.3933 -0.6151  -0.9377 -0.6151 -0.9377 -0.9377
Origin outside Chicago and Dest -0.1407 -0.2354 -0.1407 -0.2354 -0.2354
in Chicago

Individual Non-Mandatory Tour Time of Day Choice

Number of Models: 1

Decision-Making Unit: Person

Model Form: Multinomial Logit

Alternatives: 1,176 (combinations of 48 half-hour tour departure and arrival

period back at home)

After individual non-mandatory tours have been generated and assigned a primary location, the
tour departure time from home and arrival time back at home are chosen simultaneously. The
model is fully described above. The tour departure and arrival period combinations are restricted
to only those available for each participant on the tour, after scheduling individual mandatory
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tours and joint tours. Individual non-mandatory tour time-of-day choice coefficients are stratified
by tour purpose.

Eating out coefficients are shown in Table 4-28. Eatout tours often occur during many different
time periods with three main peaks corresponding to breakfast, lunch, and dinner. For this
reason, there are more departure and arrival constants compared to other models, but not all of
them were significant. However, there are shift variables that cover large periods of the day that
influence the bin-specific constants. For example, the linear arrival constant shift for every 30
minutes before 6 PM impacts early dinner tours, but also breakfast and lunch tours as well.

Observations from eatout time-of-day estimation include:
e Females are more likely to have longer eatout tours.
e If the distance to the eatout location is farther away, the tour duration is longer

e Time pressure (the amount of time remaining after scheduling higher-priority activities)
variables were significant for early departure and shorter duration

¢ Mode choice logsum was estimated very close to zero in SEMCOG ABM, so a fixed
value of 0.2 was chosen.

TABLE 4-28: EATING OUT TOUR TIME-OF-DAY CHOICE COEFFICIENTS

Coefficient Name Value
arrival constant 1:30 pm to 2 pm 0.615
arrival constant 6:30 pm to 7 pm 1.41
arrival constant 7:30 pm to 8 pm 0.807
arrival constant 7 pm to 7:30 pm 0.581
arrival constant 9:30 am to 11 am 0.548
arrival constant after 9 pm -0.456
arrival constant before 6:30 pm 0.311
arrival constant shift for every 30 minutes after 9:30 pm linear -0.554
arrival constant shift for every 30 minutes before 6 pm linear 1.11
departure constant 10:30 am to 11 am 0.900
departure constant 11:30 am to 12 pm 1.06
departure constant 11 am to 11:30 am 1.05
departure constant 12:30 pm to 1 pm 0.551
departure constant 6:30 pm to 7 pm 2.02
departure constant 7:30 am to 9 am 0.569
departure constant 7 pm to 7:30 pm 2.15
departure constant after 7:30 pm 2.36
departure constant before 6 pm 1.21
departure constant shift for every 30 minutes before 5:30 pm linear -0.773
distance to destination duration greater than ref 0.00688
distance to destination duration less than ref -0.222
duration constant O hour 7.71
duration constant 1 hour 30 minutes 1.20
duration constant 2 hour 30 minutes or more 1.46
duration constant 2 hours 1.33
duration constant 30 minutes 5.24
female duration greater than ref 0.0759
time pressure departure before 6:30 pm 0.122
time pressure duration less than ref -1.10
mode choice logsum 0.200
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Escort tour time-of-day coefficients are shown in Table 4-29. Like eat out tours, escort tours can
occur multiple times throughout the day, typically focused around dropping people off or picking
people up from work or school. There are shift variables in the escort specification that also
cover large periods of the day like what was seen in eat out tours. A good example is the linear
arrival constant shift for every 30 mins after 9:30 AM which has a strong effect on the evening
escort tours. These shift expressions interact strongly with the bin specific alternative specific
constants, so looking at any one value can be misleading when trying to understand the utility
impact.

Observations from escort estimation include:

e Coefficients for driving age students with a mandatory tour were insignificant but driving
age students do tend to take longer escort tours.

e Full time workers making escort tours are less likely to take tours between 30 mins and
an hour — either the tour is short or long — and are more likely to arrive later than 3 PM.

e If a person has an escort tour in a household with pre-school aged children and they
also have a mandatory tour, the escort tour is likely to take place after 8 AM and before
3 PM.

e The mode choice logsum was estimated to be significantly negative in SEMCOG ABM,
so it was fixed to a value of 0.2 to ensure some sensitivity to congestion.

TABLE 4-29: ESCORT TOUR TIME-OF-DAY COEFFICIENTS

Coefficient Name Value
arrival constant 2:30 pm to 3 pm 0.882
arrival constant 3:30 pm to 4 pm 151
arrival constant 3 pm to 3:30 pm 1.38
arrival constant 4 pm to 4:30 pm 1.69
arrival constant 7:30 am to 8 am 2.94
arrival constant 7 am to 7:30 am 4.18
arrival constant 8:30 am to 9 am 0.00
arrival constant 8 am to 8:30 am 0.00
arrival constant after 4:30 pm 1.27
arrival constant after 9 am -0.852
arrival constant before 7 am 4.01
arrival constant shift for every 30 minutes after 5 pm linear -0.180
arrival constant shift for every 30 minutes after 9:30 am linear -0.279
arrival constant shift for every 30 minutes before 6:30 am linear 0.00
departure constant 1:30 pm to 2 pm 0.00
departure constant 2:30 pm to 3 pm 1.08
departure constant 2 pm to 2:30 pm 0.794
departure constant 3 pm to 3:30 pm 1.33
departure constant 7:30 am to 8 am 4.12
departure constant 8:30 am to 9 am 5.12
departure constant 8 am to 8:30 am 4.84
departure constant after 3:30 pm 1.19
departure constant after 9 am 4.28
departure constant before 7 am 0.732
departure constant shift for every 30 minutes after 9:30 am linear 0.196
departure constant shift for every 30 minutes before 6:30 am linear -1.24
distance to destination duration greater than 30 minutes 0.00857
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distance to destination duration less than 30 minutes -0.473

driving age student duration greater than 30 minutes 0.290
driving age student duration less than 30 minutes 0.00
duration constant 0 hour -0.294
duration constant 1 hour 30 minutes -0.717
duration constant 2 hours -1.17
duration constant longer than 2 hours -1.17
fulltime worker departure after 3 pm linear 0.103
fulltime worker duration greater than 30 minutes 0.0636
fulltime worker duration less than 30 minutes 0.487
mode choice logsum 0.200
non driving age student duration greater than 30 minutes 0.136
number of individual tours duration greater than 30 minutes -0.0620
pre school child in hh with mandatory tour arrival before 3 pm 0.284
pre school child in hh with mandatory tour arrival before 8 am -1.84
pre school child in hh with mandatory tour departure after 3 pm -0.337
pre school child in hh with mandatory tour departure after 8 am 0.219

Shopping tour time-of-day coefficients are shown in Table 4-30. Observations from shopping
estimation include:

e Linear and non-linear shift terms were significant for the departure constants
e If the distance to the shopping location was farther away, the shopping tour was longer
e Females are more likely to take longer shopping tours

¢ Only one income related variable was significant and it shows a slight preference
towards longer shopping trips for low income households

e If there are other shopping and maintenance tours that happen that day, the shopping
tour is not likely to last longer than the reference duration

e Full time workers are more likely to take longer shopping tours
e Retired people are less likely to take short shopping tours

e The mode choice logsum was estimated to be negative in SEMCOG ABM, so it was set
to a fixed value of 0.2 to ensure some sensitivity to congestion.

TABLE 4-30: SHOPPING TOUR TIME-OF-DAY COEFFICIENTS

Coefficient Name Value
mode choice logsum 0.200
arrival constant 3:30 pm to 4 pm -1.40
arrival constant 3 pm to 3:30 pm -0.986
arrival constant 4:30 pm to 5 pm -2.58
arrival constant 4 pm to 4:30 pm -1.92
arrival constant 5:30 pm to 7 pm -4.33
arrival constant 5 pm to 5:30 pm -3.02
arrival constant 7 pm to 9:30 pm -6.51
arrival constant after 9:30 pm -9.01
arrival constant before 12:30 pm 2.19
arrival constant shift for every 30 minutes after 10 pm linear -0.820
arrival constant shift for every 30 minutes before 12 pm linear 0.410
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departure constant 10:30 am to 11 00 am

departure constant 9:30 am to 10 am

departure constant after 11 am

departure constant before 9 am

departure constant shift for every 30 minutes after 11:30 am linear
departure constant shift for every 30 minutes before 8:30 am linear
departure constant shift for every 30 minutes before 8:30 am square root
distance duration greater than reference

distance duration less than reference

duration constant 2 hrs

duration constant 30 minutes

duration constant duration greater than 2 hr 30 minutes linear
duration constant longer than 2 hrs

female duration greater than reference

female duration less than reference

low income duration greater than reference

number of additional individual shop and maint tours duration greater than reference

retired duration less than reference
time pressure duration greater than reference
full time worker duration greater than reference

1.47
0.500
2.16
-0.829
0.435
-1.27
0.586
0.0110
-0.266
-0.476
1.18
-0.435
-1.10
0.0615
-0.706
0.0783
-0.0733
-0.264
0.186
0.0520

Tour time of day coefficients for social/visiting purpose are shown in Table 4-31. Observations

from social/visiting estimation include:

e All sociodemographic variables were insignificant except for children under the age of 18
taking longer social tours. This means almost the entirety of the explanatory power of

the model is explained by the alternative specific constants

e Most linear shift constants were significant for departures, arrivals, and durations.

e The mode choice logsum was estimated to be very slightly positive in SEMCOG ABM.

TABLE 4-31: SOCIAL/VISITING TOUR TIME-OF-DAY COEFFICIENTS

Coefficient Name

mode choice logsum

arrival constant 10 pm to 10:30 pm

arrival constant 3 pm to 3:30 pm

arrival constant 8:30 pm to 9 pm

arrival constant 9 pm to 9:30 pm

arrival constant shift for every 30 minutes after 11 pm linear

arrival constant shift for every 30 minutes before 8 pm linear

auto distance duration greater than reference linear

auto distance duration less than reference linear

departure constant 5:30 pm to 6 pm

departure constant 6:30 pm to 7 pm

departure constant 7 pm to 7:30 pm

departure constant 9 am to 9;30 am

departure constant after 7:30 pm

departure constant before 5:30 pm

departure constant shift for every 30 minutes after 8 pm linear
departure constant shift for every 30 minutes before 5 pm linear
departure constant shift for every 30 minutes before 8 30 am linear
duration constant 3 hrs 30 minutes

duration constant 4 hours or more

duration constant shift for every 30 minutes more than 4 hr 30 minutes linear
person less than 18 years old duration greater than reference linear
time pressure duration greater than reference

Value
0.0143
0.349
0.613
0.373
0.341

-0.230

-0.115
0.00410

-0.0372
3.40
3.23
2.96
0.483
2.50
2.92

-0.316
0.106

-0.350

-0.988

-1.97

-1.08
0.185
0.247
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Tour time-of-day coefficients for other maintenance tours are shown in Table 4-32. Other
maintenance tours can include activities like a hospital visit, taking your car to the shop, a
dentist appointment, etc. Because of the wide range of other maintenance activities, the time-of-

day profiles for these tours span a large portion of the day.

Observations from other maintenance estimation include:

e Arrival alternative specific constants were not significant except for the linear shift terms

before 10am and after 5pm

e Non-linear duration constants were needed to explain tours longer than an hour

e The only income related coefficient that was significant was that people from low-income
households are expected to take longer maintenance tours. Shopping tours also only
had one significant income variable for low-income households taking longer shopping

tours.

e If there are other non-mandatory tours, the maintenance tour is unlikely to be longer than

the reference period

e Retired people are less likely to take long maintenance tours

e The time pressure coefficient is significant for longer duration tours

e The mode choice logsum was estimated to a reasonable value of 0.24 in SEMCOG

ABM.

TABLE 4-32: OTHER MAINTENANCE TOUR TIME OF DAY COEFFICIENTS

Coefficient Name

arrival constant shift for every 30 minutes after 5 pm linear

arrival constant shift for every 30 minutes before 10 am linear
departure constant 10:30 am to 11 am

departure constant 8 am to 8:30 am

departure constant after 11 am

departure constant before 8 am

departure constant shift for every 30 minutes after 11:30 am linear
departure constant shift for every 30 minutes before 7:30 am linear
departure constant shift for every 30 minutes before 7:30 am square root
distance duration greater than reference

distance duration less than reference

duration constant 0 hr

duration constant 30 minutes

duration constant longer than 30 minutes

duration constant 90 minutes hr

duration constant 2 hours

duration constant duration greater than 1 hr linear

duration constant duration greater than 1 hr square root

female duration less than reference

full time worker duration greater than reference

low income duration greater than reference

number of additional individual shop and maint tours duration greater than
reference

pre school child duration less than reference

retired duration greater than reference

time pressure duration greater than reference

mode choice logsum

Value
-0.303
-0.237
-0.175
-0.144
-0.389
-0.552
0.0230
-0.895
0.950
0.00426
-0.285
6.02
6.29
491
0.253
0.215
-0.738
-0.130
-0.337
0.135
0.0400
-0.039

-2.16
-0.0352
0.216
0.241
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Tour time-of-day choice coefficients for the Other Discretionary purpose are shown in Table
4-33. Like other maintenance, other discretionary tours can cover a wide range of possible
activities and will have a spread-out time-of-day profile. In these two purposes, there are a good
number of significant alternative specific shift variables to help cover the large range. For
example, other discretionary tour estimation includes linear departure variables for before and
after 7:30pm. Observations from the other discretionary estimation includes:

If the distance to the tour location is farther away, the tour is likely to last longer

Retired individuals are less likely to take discretionary tours less than the reference
duration

If the person needs to take other social and discretionary tours, the tour duration is more
likely to be shorter.

The coefficients that relate to the number of autos to adults in the household were not
significant, but zero auto households were more likely to take longer duration tours.

People younger than age 18 are more likely to take shorter discretionary tours

The time pressure variables for duration both longer and shorter than the reference were
significant

The mode choice logsum was estimated to be a minor 0.06 in SEMCOG ABM.
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TABLE 4-33: OTHER DISCRETIONARY TOUR TIME-OF-DAY COEFFICIENTS

Coefficient Name Value
arrival constant 6:30 pm to 7 pm -6.43
arrival constant 7:30 pm to 8 pm -2.11
arrival constant 7 pm to 7:30 pm -4.14
arrival constant 8:30 pm to 9 pm 2.15
arrival constant after 9 pm 3.86
arrival constant before 6:30 pm -8.32
arrival constant shift for every 30 minutes after 9:30 pm linear 1.69
arrival constant shift for every 30 minutes before 6 pm linear -1.99
auto distance duration greater than reference linear 0.00460
auto distance duration less than reference linear -0.0361
departure constant 10 am to 10:30 am 0.00
departure constant 5:30 pm to 6 pm 7.07
departure constant 5 pm to 5:30 pm 8.81
departure constant 6:30 pm to 7 pm 2.83
departure constant 6 pm to 6:30 pm 4.91
departure constant 7:30 am to 8 am 0.00
departure constant 8:30 am to 9 am 0.00
departure constant 9:30 am to 10 am 0.141
departure constant 9 am to 9:30 am 0.337
departure constant before 5 pm 10.1
departure constant before 7:30 am -0.339
departure constant shift for every 30 minutes after 7:30 pm linear -2.41
departure constant shift for every 30 minutes before 4:30 pm linear 2.06
departure constant shift for every 30 minutes before 7:30 pm linear -0.610
duration constant 2 hr 30 minutes -2.99
duration constant 3 hours or more -6.04
duration constant shift for every 30 minutes more than 3 hrs linear -2.92
non working senior retiree duration less than reference linear -0.171
number of additional individual social and discretionary tours duration less reference 0.0810
person less than 18 years old duration less than reference linear 0.0984
time pressure duration greater reference 0.254
time pressure duration less reference 0.673
zero auto households duration greater than reference linear 0.0522
mode choice logsum 0.0634

At-Work Sub-Tour Frequency

Number of Models: 1

Decision-Making Unit: Persons

Model Form: Multinomial Logit

Alternatives: 6 (None, 1 eating out tour, 1 business tour, 1 maintenance tour, 2

business tours, 1 eating out tour + 1 business tour)

Work-based sub-tours are modeled last and are relevant only for those persons who implement
at least one work tour. These underlying activities are mostly individual (e.g., business-related
and dining-out purposes), but may include some household maintenance functions as well as
person and household maintenance tasks. There are six alternatives in the model,
corresponding to the most frequently observed patterns of at-work sub-tours. The alternatives
define both the number of at-work sub-tours and their purpose. Explanatory variables include

household and person attributes, duration of the parent work tour, the number of joint and

individual non-mandatory tours already generated in the day, and accessibility and urban form
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variables. At-work sub-tour frequency model coefficients are shown in Table 4-34, with the

calibrated alternative specific constants by purpose at the bottom of the table.

TABLE 4-34: AT-WORK SUBTOUR FREQUENCY MODEL COEFFICIENTS

Household variables
Household income $47-105k
Household income $105k+
Household owns zero autos
Frequency of other tours

Num. indiv. Discr. tours, Person works full-
time

Num. indiv. Discr. tours, Person works part-
time

Num. indiv. Eat Out tours

Num. indiv. Maint., Shop & Escort tours,
works full-time

Num. indiv. Maint., Shop & Escort tours,
works part-time

Participates in at least one Joint Maint., Shop,
or Eat Out tour

Participates in at least one Joint Discr. tour

Person has at least one indiv. Non-mandatory
tour
Work tour characteristics

Log of work tour duration
Work tour mode is Drive Alone
Person has two Work tours
Work zone characteristics
Workplace in zone with Urban Area Type
Workplace in zone with Suburban Area Type

Workplace Off-peak Auto accessibility to
Retail
Workplace Walk accessibility to Retail

Model Calibration

Calibration adjustment to alternative-specific
constant

- 0.61
= 0.869

- 0.233

= 0.678

- 0.549
- -0.052

- -0.310

= 0.246

- 0.359

= 1.550
- 0.480
= -0.986

= -0.418
- -0.292
= 0.015

- 0.060

0 -1.17

At-Work Sub-Tour Primary Destination Choice

Number of Models: 1
Decision-Making Unit: Person
Model Form: Multinomial Logit

Alternatives: Microzones

0.556
1.066
-0.339

0.705

0.705

0.543
-0.190

-0.190

0.083

-0.264

1.142
0.990
0.375

-0.224

-0.110
0.053

-2.57

0.153
0.165
0.176

0.506

0.506

0.917
0.145

-0.272

0.08

0.582
-0.357

1.659
1.153
-0.231

-0.148

0.027

0.040

-2.65

1.111
2.132

1.409
1.409

1.087
-0.381

-0.381
0.166

-0.527

2.284
1.980
0.751

-0.447
-0.220
0.107

-4.16
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2.692
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-0.642
-0.402
0.068

0.060
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The at-work sub-tour primary destination choice model determines the location of the tour
primary destination. The model works at an MAZ level, and sampling of destination alternatives
is implemented in order to reduce computation time. Explanatory variables include household
and person characteristics, the tour purpose, logged size (i.e., attraction) variables, round-trip
mode choice logsum, distance, and other variables. Note that the mode choice logsum used is
based on a ‘representative’ time period for at-work sub-tours. The model is constrained such
that only destinations within a reasonable time horizon from the workplace are chosen, such
that the tour can be completed within the total available time window for the sub-tour.
Coefficients are shown in Table 4-35. They were estimated using SEMCOG HTS data, and
calibrated with CMAP HTS to match the tour length frequency distribution observed in CMAP.
Note that size term coefficients are shown in exponentiated form.

TABLE 4-35: AT-WORK SUBTOUR PRIMARY DESTINATION CHOICE MODEL COEFFICIENTS
Coefficients At Work
Distance Parameters Value
Mode Choice logsum 0.5136
Distance, piecewise -0.7926
linear 0-2 miles
Distance, piecewise -0.5197
linear 2-5 miles
Distance, piecewise -0.2045
linear 5+ miles
Sample of alternatives 1
correction factor
Size Variable 1

Size Term Coefficients
construc
manufac
tcu
wholesl
retail 0.742
fire
service 0.482
agnr
govt 0.258
Total Households
K8 enroll
highschool_enroll
large college
small_college

Model Calibration

Distance 0-1 miles 0.6082
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At-Work Sub-Tour Time of Day Choice

Number of Models: 1

Decision-Making Unit: Person

Model Form: Multinomial Logit

Alternatives: 1,176 (combinations of 48 half-hour tour departure and arrival

hour back at work alternatives)

After at-work sub-tours have been generated and assigned a primary location, the tour

departure time from workplace and arrival time back at the workplace are chosen
simultaneously. The tour departure and arrival period combinations are restricted to only those
available based on the time window of the parent work tour. At-work subtour time-of-day choice

model coefficients are shown in Table 4-36.

TABLE 4-36: AT-WORK SUBTOUR TIME-OF-DAY CHOICE MODEL COEFFICIENTS

Variable
Tour purpose shift effects

Business -- departure constant shift for every 30 minutes before 12 pm Linear
Business -- departure constant shift for every 30 minutes after 12:30 pm Linear

Business -- duration greater than 0.5 hours

Eatout -- departure constant shift for every 30 minutes before 12 pm Linear
Eatout -- departure constant shift for every 30 minutes after 12:30 pm Linear

Eatout -- duration less than 0.5 hours

Other tour shift effects
Female departure after 12:30 linear
Part-time departure after 12:30 linear
Part-time duration greater than 0.5 hours
Income less than $25k duration less than 0.5 hours
Income $25k-$60k duration less than 0.5 hours
Income $25k-$60k duration greater than 0.5 hours
Income $60k-$120k duration greater than 0.5 hours
Distance to destination Duration less than 0.5 hours

Distance to destination Duration greater than 0.5 hours

Departure constants
Before 11:00
11:00 to 11:30
11:30 to 12:00
12:00 to 12:30
12:30 to 13:00
After 13:00
Every 30 minutes before 04:30 pm Linear
Every 30 minutes after 01:30 pm Square Root
At 12:00 pm 6:30 pm to 7 PM
Arrival constants
Before 12:00
12:00 to 12:30
12:30 to 13:00

Coefficient

0.269
0.176
0.362
-0.251
-0.170
-0.679

0.056
0.129
0.162
0.885
0.527
-0.082
-0.068
-0.292
-0.00689

-2.177
-1.190
-0.244

0.099
-0.085
-0.206
-0.732

0.539

0.279
-0.045
0.144

128



13:00 to 13:30 0.064
13:30 to 14:00 -0.697
14:00 to 14:30 -1.284
After 14:30 -2.120
Every 30 minutes before 11:30 am Linear 0.415
Every 30 minutes after 03:00 pm Linear -0.508
Duration constants
0 hours -0.970
1 hour 0.177
1.5 hours -0.171
2 hours -0.468
More than 2 hours -0.524

Tour Mode Choice Model

Number of Models: Coefficients segmented by purpose (10 with at-work subtours)
Decision-Making Unit: Person

Model Form: Nested Logit

Alternatives: 13

By means of this model, the “main tour mode” used to get from the origin to the primary
destination and back is determined. The tour-based modeling approach requires a certain
reconsideration of the conventional mode choice structure. Instead of a single mode choice
model pertinent to a four-step structure, there are two different levels where the mode choice
decision is modeled:

e The tour mode level (upper-level choice),

e The trip mode level (lower-level choice conditional upon the upper-level choice).

The tour mode level can be thought of as a mode preference model, while the trip mode choice
model can be thought of as a mode switching model. Tour mode choice is used to constrain
stop location choice as well as trip mode choice. The modes for both models are the same, but
the higher level of the nesting structure constrains lower level decisions. This can be visualized
in Figure 4-6, which shows the entire nesting structure for both tour and trip mode choice.
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FIGURE 4-6: MODE CHOICE STRUCTURE

Tour Mode

Choice

School Bus

Auto Non-Motorized
=1 Walk Transit

Transit

= PNR Transit §ad TNC Single

= KNR Transit kad TNC Shared

= TNC Transit

The tour mode choice model is based on the round-trip level-of-service (LOS) between the tour
anchor location (home for home-based tours and work for at-work sub-tours) and the tour
primary destination. The tour mode is chosen based on LOS variables for both directions
according to the time periods for the tour departure from the anchor and the arrival back at the
anchor. This is one of the fundamental advantages of the tour-based approach. For example, a
commuter can have very attractive transit service in the a.m. peak period in the outbound
direction, but if the return home time is in the midday or later at night, the commuter may prefer
private auto due to lower off-peak transit service.

The appropriate skim values for the tour mode choice are a function of the TAZ of the tour origin
and TAZ of the tour primary destination. The nesting coefficients for the tour mode choice model
are shown in Table 4-37 and the utility function parameters for the tour mode choice models
appear in Table 4-38. The primary drivers are in-vehicle time, other travel times, cost (the
influence of which is derived from the auto in-vehicle time coefficient and the persons’ modeled
value of time), characteristics of the destination zone, demographics, and the household’s level
of auto ownership compared to number of workers in the household. The zonal density index is
a measure of both residential density, non-residential density, and the mixture of uses defined

by

130



Num.Households X Num.Jobs 1
Num.Households+Num.jobs Developed Acres’

Density Index =

TABLE 4-37: TOUR MODE CHOICE MODEL NESTING COEFFICIENTS

Root 1.00
Auto 0.72
Non-Motorized 0.72
Transit 0.72
Ridehail 0.72
School Bus 0.72
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TABLE 4-38: TOUR MODE CHOICE MODEL COEFFICIENTS

In-vehicle time (min.)

Auto & local bus -0.0188 -0.0224 -0.0224 -0.0175 -0.0175 -0.0175 -0.0175 -0.0175 -0.0175 -0.03
Express bus (ratio to IVT) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
CTA Rail (ratio to IVT) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Metra Commuter Rail (ratio to IVT) 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65
Other travel times (min.)
Initial wait time up to 10 minutes (ratio to IVT) 1.9 2.0 2.0 15 15 15 15 15 15 15
Initial wait after 10 minutes (ratio to IVT) 1.9 2.0 2.0 15 1.5 15 15 15 15 15
Walk access/egress/transfer time (ratio to IVT) 2.0 2.0 2.0 3.0 3.0 2.4 3.0 2.4 2.4 25
Drive access/egress time (ratio to IVT) 3.3 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.3
Transfer wait time (ratio to IVT) 1.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Number of transfers
Walk-transit (ratio to IVT) 0 0 0 0 0 0 0 0 0 0
Drive-transit (ratio to IVT) 0 0 0 0 0 0 0 0 0 0
Non-motorized impedance
Distance (mi), walk (ratio to IVT) 2.0 2.0 2.0 3.0 3.0 2.4 3.0 2.4 2.4 25
Distance (mi), bike (ratio to IVT) 2.9 4.0 4.0 4.3 4.3 3.3 4.3 3.3 3.3 3.0
Cost

Derived from person's value of time

Zonal density index
At destination -- walk, bike, transit 0.0406 - 0.0978 0.018 0.018  0.0558 0.018 0.0558 0.0558 0.0511
At origin -- walk, bike, walk-transit - - - - - - - - - -
Demographic variables

Age 16-19, Drive Alone - -1.381 -2.68 - -1.0 - -0.722 - -0.071 -
Age 0-10, Transit - -1.555 -1.555 - - - - - - -
Age 16+, Shared Ride - - -0.544 - -0.199 0.344 -0.297 - -0.205 -
Household size 1, Shared Ride -0.461 - - - -0.84 -0.355 -0.732 -0.753 -1.12 -
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Household size 2, Shared Ride
Other transit effects
Destination is in CBD (Area Types 1), walk transit
Destination is in CBD (Area Types 1), PNR transit
Destination is in CBD (Area Types 1), KNR transit
Destination is in CBD (Area Types 1), TNC transit
Metra distance 0-6 miles, walk transit
Metra distance 0-6 miles, PNR and KNR transit
Metra distance 6-13 miles, walk transit
Metra distance 6-13 miles, PNR and KNR transit
Metra distance 13-18 miles, walk transit
Metra distance 13-18 miles, PNR and KNR transit
Metra distance 18+ miles, walk transit
Metra distance 18+ miles, PNR and KNR transit
Individual tour constants, zero autos
Drive Alone
Shared ride 2
Shared ride 3+
Walk
Bike
Walk to Transit
PNR to Transit
KNR to Transit
TNC to Transit
Taxi
TNC Single
TNC Shared

School bus

Individual tour constants, fewer cars than workers

Drive Alone

3.0
2.492
3.209

-6.280
-6.280
-5.463
-5.463

0.969

1.644

2.266
1.597
10.858
5.930
6.232
3.643
4.513
4.588
3.335
4.367
3.984
-999

0.672
0.672
0.672
0.672

2.587
3.986
6.534
5.223
8.395
4.677
6.297
7.669
6.375
7.127
-4.812
-999

-0.463

0.191

-0.132
1.501
3.023
1.604

-0.560

-999
-999
-999
1.085
-999
-999
2.694

3.123
3.269
2.766
4.969
-5.060
-999
-999
-999
-999
-999
-999
-999

-0.848

3.123
3.470
5.846
2.906
3.070
-999
-999
-999
-999
3.710
3.989
-999

-0.575

1.87

2.130
2.779
4.723
2.436
0.581
-999
-999
-999
-999
1.847
2.701
-999

-0.727

1.733
2.44
2.39

3.123
3.411
6.426
4.609
3.350
-999
2.393
-999
5.098
4.542
-999
-999

-0.883

2.130
2.689
5.143
3.229
1.451
-999
0.290
-999
-999
3.683
3.333
-999

-1.09

0.998
2.238
1.994

2.130
-0.891
1.261
3.169
1.261
-1.465
0.290
-999
-999
2.443
2.166
-999
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Shared ride 2 -0.539 -0.624 -1.489 -0.025 -0.916 -0.332 -0.339 0.017 0.125 -6.236

Shared ride 3+ -1.084 -1.670 -1.074 0.010 -0.633 -0.316 -0.466 -0.916 0.122 -6.204
Walk 1.520 0.163 -0.244 -0.044 1.756 1.956 1.996 1.886 2.176 2.976
Bike -1.057 -.2.015 -3.569 -1.234 -2.994 -1.392 -1.891 -1.392 -0.354 2.463
Walk to Transit -2.745 2.480 -4.97 -9.834 -4.972 -3.592 -4.239 -3.815 -4.078 -6.905
PNR to Transit -2.146 1.442 -999 -999 -999 -999 -999 -999 -3.355 -999
KNR to Transit -2.176 1.737 -999 -999 -999 -999 -4.217 -999 -999 -999
TNC to Transit -2.989 1.131 -999 -999 -999 -999 -999 -999 -999 -999
Taxi -2.381 -7.592 -3.097 -999 -999 -1.503 -2.120 -1.773 -999 -5.049
TNC Single -2.110 -1.849 -3.312 -999 -2.577 -1.603 -1.547 -1.706 -2.176 -8.323
TNC Shared -3.214 -6.592 -999 -999 -999 -999 -2.512 -1.700 -999 -6.608
School bus -999 -999 0.249 -999 -999 -999 -999 -999 -999 -999
Individual tour constants, as many cars as workers
Drive Alone
Shared ride 2 -1.066 -1.139 -1.980 0.263 -0.449 -0.503 -0.470 -0.695 -0.212 -2.210
Shared ride 3+ -1.658 -1.950 -1.467 0.223 -0.977 -0.600 -0.997 -0.883 -0.276 -2.764
Walk -0.587 -0.465 -0.643 0.343 1.020 0.706 1.024 1.135 1.085 1.172
Bike -3.071 -3.096 -3.878 -1.727 -4.387 -2.508 -4.447 -2.388 -2.338 15.000
Walk to Transit -3.559 -1.083 -5.415 -9.674 -5.136 -5.163 -5.055 -4.293 -5.213 -4.535
PNR to Transit -0.978 0.077 -999 -999 -999 -999 -4.335 -999 -4.002 -999
KNR to Transit -2.428 -0.395 -999 -999 -999 -999 -4.998 -5.055 -6.575 -999
TNC to Transit -2.700 -0.590 -999 -999 -999 -999 -999 -999 -999 -999
Taxi -4.204 -3.5687 -3.790 -999 -4.106 -1.559 -2.346 -999 -999 -3.861
TNC Single -4.220 -3.954 -5.222 -999 -4.109 -2.347 -3.449 2,777 -3.337 -5.430
TNC Shared -5.680 -3.780 -999 -999 -999 -3.819 -3.951 -2.919 -4.419 -999
School bus -999 -999 -0.498 -999 -999 -999 -999 -999 -999 -999
Joint tour constants, zero autos
Drive Alone
Shared ride 2
Shared ride 3+ 7.988 7.988 7.988 7.988 7.988
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Walk

Bike

Walk to Transit
PNR to Transit
KNR to Transit
TNC to Transit
Taxi

TNC Single
TNC Shared

Joint tour constants, fewer cars than workers

Drive Alone
Shared ride 2
Shared ride 3+
Walk

Bike

Walk to Transit
PNR to Transit
KNR to Transit
TNC to Transit
Taxi

TNC Single
TNC Shared

Joint tour constants, as many cars as workers

Drive Alone
Shared ride 2
Shared ride 3+
Walk

Bike

Walk to Transit
PNR to Transit

14.61
9.783
10.839
5.0
10.048
10.661
-7.31
10.407
11.146

-15.0
-11.761
-15.0
-15.0
-15.0
-15.0
-15.0
-15.0
-15.0
-15.0

-4.855
-4.083
-7.616
-8.861
-8.240

14.61
9.783
10.839
5.0
10.048
10.661
-7.31
10.407
11.146

-15.0
-11.761
-15.0
-15.0
-15.0
-15.0
-15.0
-15.0
-15.0
-15.0

-4.855
-4.083
-7.616
-8.861
-8.240

14.61 14.61
9.783 9.783
10.839 10.839
5.0 5.0
10.048 10.048
10.661 10.661
-7.31 -7.31
10.407 10.407
11.146 11.146

-15.0 -15.0
-11.761 -11.761
-15.0 -15.0
-15.0 -15.0
-15.0 -15.0
-15.0 -15.0
-15.0 -15.0
-15.0 -15.0
-15.0 -15.0
-15.0 -15.0

-4.855 -4.855
-4.083 -4.083
-7.616 -7.616
-8.861 -8.861
-8.240 -8.240

14.61
9.783
10.839
5.0
10.048
10.661
-7.31
10.407
11.146

-15.0
-11.761
-15.0
-15.0
-15.0
-15.0
-15.0
-15.0
-15.0
-15.0

-4.855
-4.083
-7.616
-8.861
-8.240
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KNR to Transit
TNC to Transit
Taxi

TNC Single
TNC Shared

-8.753
-8.741
-8.014
-9.034
-8.628

-8.753
-8.741
-8.014
-9.034
-8.628

-8.753
-8.741
-8.014
-9.034
-8.628

-8.753
-8.741
-8.014
-9.034
-8.628

-8.753
-8.741
-8.014
-9.034
-8.628
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Intermediate Stop Frequency Model

Number of Models: 10 (By purpose plus one model for at-work subtours)
Decision-Making Unit: Person

Model Form: Multinomial Logit

Alternatives: Maximum 6 total, 3 per tour

The stop frequency choice model determines the number of intermediate stops on the way
to/from the primary destination up to a maximum of 3 per direction, for a total of 8 trips per tour
(four on each tour leg). However, for many tour purposes, the number of intermediate stops
observed in the data is significantly less than 3 per direction. An additional constraint placed on
intermediate stop models is that no stops are allowed on drive-transit tours. This is enforced to
ensure that drivers who drive to transit pick up their cars at the end of the tour.

Stop frequency is based on a number of explanatory variables (Table 4-39), including
household and person attributes, the duration of the tour (with longer durations indicating the
potential for more stop-making) the distance from the tour anchor to the primary destination
(with intermediate stop-making positively correlated to tour distance), and accessibility and
urban form variables. The bottom of the table lists alternative specific constants that were
calibrated to CMAP HTS.

Once the number of intermediate stops is determined, each intermediate stop is assigned a
purpose based on a frequency distribution from the SEMCOG donor model using observed
SEMCOG data. The distribution is segmented by tour purpose, tour direction (outbound versus
return) and person type and is based on survey data summaries. Work tours are also
segmented by departure or arrival time period.
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TABLE 4-39: INTERMEDIATE STOP FREQUENCY MODEL COEFFICIENTS

Household Income

$20-50k 0.170 - - - - - 0.170 - - 0.450
$50-100k 0.230 - - - - - 0.230 - - -
Greater than $100k 0.240 - - - - - 0.240 - - -
Household Composition

Number of persons -0.310 -0.283 -0.506 -0.240 -0.152 - -0.310 - - -
Number of Full-time Workers - - - - - - - - - -
Number of Students 0.210 - - 0.190 - - 0.210 - - -
Presence of children Age 0-4 0.740 - - - - - 0.740 - - -
Number of children age 5-15 0.080 - - - 0.048 - - - - -
Presence of children age 5-15 0.260 0.682 0.330 - - - - - - -
Number of persons age 16+ 0.030 - - - - - - - - -
Auto ownership

At least as many autos as workers 0.160 - 0.533 - - - - - - -
Total number of vehicles - 0.170 - - - -0.190 - -0.190 - -
Tour mode

Walk-transit -0.700 -0.700 -0.700 -0.700 -0.700 -0.700 -0.700 -0.700 -0.700 -
Non-motorized -1.540 - -1.816 -1.910 -1.491 -1.730 -1.433 -1.730 -2.458 -
Person variables

Female 0.220 0.735 0.410 - 0.172 - 0.301 - - -
Number of work tours -0.150 - - -0.290 -0.548 -0.280 -0.364 -0.280 -0.615 -
Number of university tours -0.480 - - - -0.671 - -0.625 - - -
Number of school tours -1.550 - - - - - -1.414 - -0.818 -
Number of escort tours 0.200 0.902 1.237 -0.150 - - - - - -
Number of shop tours - - - - - -0.240 -0.143 -0.240 -0.629 -
Number of maintenance tours - - - - -0.198 - - - -0.372 -
Number of eat out tours - - - - - - - - - -0.280
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Number of shop tours taken by the -0.050 - - - -0.073 - - - - -
household
Tour time of day

Departure 06:00 to 07:00 -1.930 - - - - - - - - -
Departure at 11:00 or before - - - - - - - - - 0.310
Return after 17:00 - 0.389 1.838 - - -0.450 - -0.450 -0.638 -
Return after 19:00 0.310 - - - - - - - - -
Return at 14:00 or after - - - - - - - - - 0.340
Duration at least 11 hours 0.600 - - - - - - - - -
Duration at least 9 hours - 0.843 0.955 0.590 0.906 - 0.513 - 0.833 -
Duration at least 3 hours - - - - - 1.310 - 1.310 - -
Duration in hours - - - - - - - - - 0.560

Retail accessibility

At tour destination - - - - - - - - - -
Tour distance (one-way)

Less than 20 miles -0.220 - - - 0.377 - -0.408 - 0.376 -
Less than 5 miles - - - 0.320 - - - - - -
Distance in miles 0.010 - 0.044 0.010 0.029 -0.010 0.0273 -0.010 -0.023 -
Other tour characteristics

Number of subtours for work tours 0.190 - - - - - - - - -

Number of persons for joint tours, alts. w/ - - - - - -0.460 - -0.460 - -
outgoing stops
Number of persons for joint tours, alts. w/ - - - - - - 0.490 - - -
returning stops
Party composition all adults for joint tours - - - - 0.190 - - - - -

Origin is in Rural Area Type (6 or 7) - - - - - - - - - 0.270
Tour mode is drive transit N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Model Calibration, Indiv. Tour

One outbound stop -0.928 -2.632 -2.443 -2.039 -1.198 -0.863 -1.138 -0.386  -1.168 -3.896
Two outbound stops -2.671 -3.809 -4.583 -3.584 -1.874 -2.189 -2.034 -1.560 -2.394 -5.709
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Three outbound stops -3.464 -4.578 -7.028 -3.753 -2.341 -2.943 -1.976 -1.280 -3.088 -7.361
One return stop 0.286 -1.358 -1.082 -0.926 -0.901 -1.190 -0.290 -1.183  -0.549 -3.671
Two return stops -0.732 -2.700 -2.367 -2.066 -1.822 -2.611 -0.985 -2.382  -1.947 -5.388
Three return stops -1.279 -2.933 -3.103 -1.878 -2.221 -2.712 -1.107 -2.101  -2.275 -6.210
Presence of both outbound and return - - - - - - - - - -
stops

Total number of stops is 4 - 1.272 0.701 - 0.252 0.940 0.414 0.496 0.863 2.127
Total number of stops is 5 or 6 0.695 1.871 1.135 -1.807 0.514 2.026 0.488 0.882 0.939 2.127
Model Calibration, Joint Tour

One outbound stop -0.928 -2.632 -2.443 -1.783 -1.783 -1.783 -1.783 -1.783  -1.783 -3.896
Two outbound stops -2.671 -3.809 -4.583 -4.067 -4.067 -4.067 -4.067 -4.067  -4.067 -5.709
Three outbound stops -3.464 -4.578 -7.028 -4.998 -4.998 -4.998 -4.998 -4.998 -4.998 -7.361
One return stop 0.286 -1.358 -1.082 -1.329 -1.329 -1.329 -1.329 -1.329 -1.329 -3.671
Two return stops -0.732 -2.700 -2.367 -2.796 -2.796 -2.796 -2.796 -2.796  -2.796 -5.388
Three return stops -1.279 -2.933 -3.103 -3.379 -3.379 -3.379 -3.379 -3.379  -3.379 -6.210
Presence of both outbound and return - - - - - - - - - -
stops

Total number of stops is 4 - 1.272 0.701 0.518 0.518 0.518 0.518 0.518 0.518 2.127
Total number of stops is 5 or 6 0.695 1.871 1.135 1.497 1.497 1.497 1.497 1.497 1.497 2.127
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Intermediate Stop Location Choice Model

Number of Models: 10 (By purpose plus one model for at-work subtours)
Decision-Making Unit: Person

Model Form: Multinomial Logit

Alternatives: Microzones

The stop location choice model predicts the location of stops along the tour other than the
primary destination. The stop-location model is structured as a multinomial logit model using a
zone attraction size variable and route deviation measure as impedance. The alternatives are
sampled from the full set of zones, subject to availability of a zonal attraction size term. The
sampling mechanism is also based on accessibility between tour origin and primary destination
and is subject to certain rules based on tour mode. All destinations are available for auto tour
modes, so long as there is a positive size term for the zone. Intermediate stops on walk tours
must be within 3 miles of both the tour origin and primary destination zones. Intermediate stops
on bike tours must be within 8 miles of both the tour origin and primary destination zones.

The intermediate stop location choice model works by cycling through stops on tours. The level-
of-service variables (including mode choice logsums) are calculated as the additional utility
between the last location and the next known location on the tour. For example, the LOS
variable for the first stop on the outbound direction of the tour is based on additional impedance
between the tour origin and the tour primary destination. The LOS variable for the next
outbound stop is based on the additional impedance between the previous stop and the tour
primary destination. Stops on return tour legs work similarly, except that the location of the first
stop is a function of the additional impedance between the tour primary destination and the tour
origin. The next stop location is based on the additional impedance between the first stop on the
return leg and the tour origin, and so on. Intermediate stop location choice model parameters,
segmented by tour purpose, are shown in Table 4-40. The out-of-direction distance, or the
detour distance, was calibrated to HTS data. The out-of-direction distance is defined as the
distance from the tour origin to the stop plus the distance from the stop to the tour destination
minus the distance from the tour origin to tour destination. Stop location choice model size
terms are segmented by the purpose of the stop, as shown in Table 4-41. They are consistent
with size terms by purpose used for tour destination choice.
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TABLE 4-40: STOP LOCATION CHOICE MODEL COEFFICIENTS, SEGMENTED BY TOUR PURPOSE

Sample of alternatives correction factor 1.000 1.000 1.000 1.000
Size Variable 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Trip Mode Choice logsum from origin to stop 1.821 1.821 1.821 1.821 1.821 1.821 1.821 1.821 1.821 1.821
Trip Mode Choice logsum from stop to destination 1.821 1.821 1.821 1.821 1.821 1.821 1821 1.821 1.821 1.821
Stop distance from tour origin and tour dest. on 0.148 -0.068 -0.065 -0.109 -0.087 -0.078 -0.070 -0.101 -0.096 -0.088

outbound Indiv. Tours
Stop distance from tour origin and dest. on inbound -0.032 -0.068 -0.065 -0.109 -0.087 -0.078 -0.070 -0.101 -0.096 -0.088
Indiv. Tours

Stop distance from tour origin and dest. on Joint -0.120 -0.120 -0.120 -0.120 -0.120 -0.120
Tours

Stop distance from tour origin on outbound Tours -0.38

Stop distance from tour origin on inbound Tours -0.15

Stop distance from tour dest. on outbound Tours -0.26

Model Calibration - Out-of-Direction Distance

0-1 miles on Indiv. Tours 1.211 3.838 3.121 2129 1.796 1933 1.796 1.933 1.933 0.101
1-2 miles on Indiv. Tours 0.321 1.342 0.948 1.021 0.982 0.871 0.982 0.871 0.871 0.540
2-4 miles on Indiv. Tours 1.040 0.983 1.040 0.983 0.983
6+ miles on Indiv. Tours -0.626 -0.626 -0.626 -0.626 -0.626
0-1 miles on Joint Tours 2.129 0.821 1.726 0.821 1.726 1.726
1-2 miles on Joint Tours 1.021 1.000 0.410 1.000 0.410 0.410

TABLE 4-41: STOP LOCATION CHOICE MODEL SIZE TERMS, SEGMENTED BY STOP PURPOSE

construc
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wholesl

retail

fire

service

agnr

govt

Total Households
K8_enroll
highschool_enroll
large_college
small_college

L

0.001

0.592
0.408

0.225

0.144

0.001

0.464
0.166

0.999

0

0.001

0.742

0.258

0.001

0.481

0.518

0.518
0.001

0.521

0.272

0.001

0.165
0.212

0.252

0.098

0.742

0.258

0.258
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Trip Departure Time Model

Number of Models: 1

Decision-Making Unit: Person

Model Form: Lookup from probabilities
Alternatives: 35

The trip (stop) departure time model simulates the half-hour departure time for each outbound
and inbound trip on a tour based on a lookup of probabilities by tour purpose, inbound versus
outbound indicator, time remaining on the tour (number of time periods between the departure
of previous trip and arrival of the tour), and number of stops remaining on the half-tour. These
probabilities are created from survey data from CMAP, MWCOG (Washington, DC), SEMCOG
(Detroit, MI), and SANDAG (San Diego, CA) HTS data. The (up to) 35 alternatives are in
reference to the previous trip, from being in the same half-hour period as the previous trip (0-
period offset) up to 34 half-hour periods later than the previous trip. This method (scheduling in
reference to the previous trip instead of absolute time periods) prevents scheduling failures
when a later trip can’t be scheduled due to a scheduling conflict. The probability table is too
large to fit into this document but can be found online at https://github.com/CMAP-
REPOS/cmap abm/blob/activitysim/activitysim/configs/trip_scheduling probs.csv.

Trip Mode Choice Model

Number of Models: 10 (By purpose plus one model for at-work subtours)
Decision-Making Unit: Person

Model Form: Nested logit with constraints by tour mode
Alternatives: 13

The trip mode choice model determines the mode for each trip along the tour. Trip modes are
constrained by the main tour mode. The linkage between tour and trip levels is implemented
through correspondence rules (which trip modes are allowed for which tour modes). The model
can incorporate asymmetric mode combinations, but there is a great deal of symmetry between
outbound and inbound modes used for the same tour. In particular, symmetry is enforced for
drive-transit tours, by excluding intermediate stops from drive-transit tours.

The tour and trip mode correspondence rules are shown in Table 4-42. Note that in the trip
mode choice model, the trip modes are exactly the same as the modes in the tour mode choice
model. However, every trip mode is not necessarily available for every tour mode, and tour
mode constraints are generalized. The correspondence rules depend on a kind of hierarchy,
which is similar to that used for the definition of transit modes. The hierarchy is based on the
following principles:

1) The auto occupancy of the tour mode is determined by the maximum occupancy across
all auto trips that make up the tour. Therefore, the auto occupancy for the tour mode is
the maximum auto occupancy for any trip on the tour.
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2) Transit tours can include auto shared-ride trips for particular legs. Therefore, ‘casual
carpool’, wherein travelers share a ride to work and take transit back to the tour origin, is
explicitly allowed in the tour/trip mode choice model structure.

3) The walk mode is allowed for any trip on a tour except for drive-alone, wherein the driver
must use the vehicle for all trips on the tour.

4) The transit mode of the tour is determined by the highest transit mode used for any trip
in the tour according to the transit mode hierarchy as described in Table 4-42.

5) As previously mentioned, shared-ride modes are also available in transit tours, albeit
with a low probability.

The trip mode choice model explanatory variables include household and person variables,
level-of-service between the trip origin and destination according to the time period for the tour
leg, urban form variables, and alternative-specific constants segmented by tour mode. Trip
mode choice coefficients are shown in Table 4-43, with the calibrated alternative specific
constants by purpose at the bottom of the table.

145



TABLE 4-42: RULES REGARDING TOUR MODE AND TRIP MODE CORRESPONDENCE (X INDICATES NOT ALLOWED)

DRIVE ALONE X X X X X X X X
SHARE 2 X X X X X X X

SHARE 3+ X X X X X X X X

WALK X X X X

BIKE X X X X X X X X X X
WALK X X X X X X X X X X
TRANSIT

PNR TRANSIT X X X X X X X X X X
KNR TRANSIT X X X X X X X X X X
TNC TRANSIT X X X X X X X X X X
TAXI X X X X X X
TNC SINGLE X X X X X X
TNC SHARED X X X X X X
SCH BUS X X X X X X X X X X

146



TABLE 4-43: TRIP MODE CHOICE MODEL COEFFICIENTS

In-vehicle time

Auto & local bus
Express bus (ratio to IVT)
CTA Rail (ratio to IVT)
Metra Commuter Rail (ratio to IVT)
Other travel times
Initial wait time up to 10 minutes (ratio to IVT)
Initial wait after 10 minutes (ratio to IVT)
Walk access/egress/transfer time (ratio to IVT)
Drive access/egress time (ratio to IVT)
Transfer wait time (ratio to IVT)
Number of transfers
Walk-transit
Drive-transit
Non-motorized impedance
Distance (mi), walk
Distance (mi), bike
Cost
Derived from person's value of time
Zonal density index
At destination--walk, bike, transit
At origin--walk, bike, walk-transit
Demographic variables
Household size 1, Shared Ride
Individual tour constants, Drive Alone Tours
Walk

Individual tour constants, Shared Ride 2 Tours

-0.0309 -0.0271 -0.0271  -0.0279 -0.0279 -0.0279 -0.0279 -0.0175 -0.0175 -0.0445
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65
1.9 2.0 2.0 15 15 15 15 15 15 15
1.9 2.0 2.0 15 1.5 1.5 15 15 15 15
2.0 2.0 2.0 3.0 3.0 2.4 3.0 2.4 2.4 2.5
3.3 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 13
19 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

0 0
2.0 2.0 2.0 3.0 3.0 2.4 3.0 2.4 2.4 25
2.9 4.0 4.0 4.3 4.3 3.3 4.3 3.3 3.3 3.0
0.0667 = 0.1183 0.0287 0.0287 0.0890 0.0287 0.0558 0.0558  0.0758
-0.735 -0.735 -0.735 -0.735 -0.735 -0.735 -0.735 -0.735 -0.735 -0.735
-0.840 -1.058 -5.000 0.000 -1.477 -1.344 -1.299 -1.808 -1.551 -1.788
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Drive Alone
Walk

Individual tour constants, Shared Ride 3+ Tours
Drive Alone
Shared Ride 2
Walk

Individual tour constants, Walk-Transit Tours
Walk
Taxi
TNC single
TNC shared

Individual tour constants, TNC-Transit Tours
Taxi
TNC single
TNC shared

Individual tour constants, Ridehail Tours
Shared Ride 2
Shared Ride 3
Walk
Taxi
TNC shared

Joint tour constants, Shared Ride 2 Tours
Walk

Joint tour constants, Shared Ride 3+ Tours
Shared Ride 2
Walk

Joint tour constants, Walk-Transit Tours
Shared Ride 2

-0.218
0.126

-0.154
-0.822
0.217

0.443
-4.433
-4.721
-3.811

-4.561
-4.945

-2.208
-2.752
2.192
0.633
1.213

-0.562
1.304

-0.731
-0.687
1.679

-1.031
-4.550
-4.109
-3.862

-6.337
-6.922

10.145
10.277

-0.597
-1.036

-2.218
-1.131
-1.213

-1.183
-5.114
-4.180
-3.231

-1.383
-1.703

0.730
-2.587

0.008
-2.053

-0.713
-0.873
-1.008

-0.997
-3.558
-4.347
-3.889

1.886
1.712

5.46
4.801
4.213

11.648

0

-1.015
-0.112

-1.316
-0.684
-0.508

-0.194
-3.558
-4.347
-3.889

1.886
1.712
5.460
4.801
4.213

11.648
0

-0.635
-0.073

-1.596
-0.881
-0.043

1.350
-3.707
-3.901
-3.719

1.727
1.041
4.314
4.758
4.253

11.648
0

-0.496
-0.599

-0.930
-0.901
0.042

0.725
-3.558
-4.347
-3.889

1.886
1.712
5.460
4.801
4.213

11.648
0

-0.205
-0.793

-1.097
-0.719
-0.313

-0.765
-2.970
-3.164
-2.982

1.727
1.041
4.314
4.758
4.253

11.648
0

-0.386
-0.027

-1.003
-1.178
-0.527

-0.500
-2.970
-3.164
-2.982

1.727
1.041
4.314
4.758
4.253

11.648
0

16.428
1.179

9.344
-2.105
0.810

0.517
-17.741
-17.741
-17.741

2.008
2.705

8.751
8.240
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Shared Ride 3+ 0 0 0 0 0 0
Walk 0 0 0 0 0 0
Taxi -2.279 -2.279 -2.279 -2.279 -2.279 -2.279
TNC single -3.079 -3.079 -3.079 -3.079 -3.079 -3.079
TNC shared -6 -6 -6 -6 -6 -6
Joint tour constants, Drive-Transit Tours
Taxi 0 0 0 0 0
TNC single
TNC shared
Joint tour constants, Ridehail Tours
Shared Ride 2 -3.075 -3.075 -3.075 -3.075 -3.075 -3.075
Shared Ride 3+ -4.427 -4.427 -4.427 -4.427 -4.427 -4.427
Walk -5 -5 -5 -5 -5 -5
Taxi 1.003 1.003 1.003 1.003 1.003 1.003
TNC single 0.339 0.339 0.339 0.339 0.339 0.339
Individual tour constants, School Bus Tour
Shared Ride 2 -4
Shared Ride 3+ -4
Walk -4
Walk transit -4
KNR transit -4
TNC transit -4
Taxi -4
TNC single -4
TNC shared -4
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AUXILIARY MODELS

In addition to resident travel modeled by ActivitySim, there are auxiliary demand that affects the
congestion and travel decisions of the residents. The following auxiliary demand are included in
the CMAP ActivitySim ABM in the assignment step:

e Point-of-Entry Trips: external auto, external heavy truck, and airport passenger demand
e Visitor travel: non-resident auto and transit demand
o Commercial vehicle travel: pick-up, light, medium and heavy truck demand

The 2019 auxiliary demand incorporated in the ABM is the same as the demand in the trip-
based models, which uses static base year demand.

Point-of-Entry Trips

Point-of-entry (POE) trips represent three categories of travel: auto travel entering the modeled
region on major expressways (internal-external, external-internal, external-external), heavy truck
travel entering the region on major expressways, travel to and from the region’s airports. POE
locations are external zones (numbered 3633 through 3649) and are not modeled in the same
way as the rest of the region’s travel because there is little knowledge about the traveler, the trip
purpose, or the destination. 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
within the region (i.e., their destination is fixed).

Highway POE base year trip production totals are derived from expressway traffic counts at
locations around the region. Airport base year POE trips are based on an analysis of observed
enplanements.

Visitor Travel

CMAP attracts many visitors, generating over 1.7 million daily trips in 2019. The static visitor
demand matrices used in the trip-based model are added to the ABM for 2019 base year. Visitor
trips are segmented by mode, time period, and value-of-time at the TAZ level.

Commercial Vehicle Travel

CMAP models truck trips for four truck classes: B-plate, light trucks, medium trucks, and heavy
trucks. B-plate trucks are vans and pickup trucks with performance characteristics similar to
passenger cars and carrying “B” license plates. Light trucks are “step vans” and smaller delivery
vans which carry weight plates D-J and MD-MJ. Medium trucks are defined as heavy fixed-
wheelbase trucks such as concrete mixers, scavenger trucks, double rear axle refrigerator units,
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etc., and some other lighter weight articulated vehicles carrying weight plates K-T and MK-MT.
Finally, heavy trucks comprise the 73,280- and 80,000-pound maximum load vehicles which are
tractor-trailer combinations. These carry weight plates of V-Z.

CMAP ActivitySim ABM uses robust data to develop the base year trip totals for both the trip-
based model and the ABM:

e B-Plate trucks: These license plates can be issued to either personal or commercial
vehicles; however, for purposes of modeling these trucks as a specific vehicle class,
CMAP is interested in the commercial vehicle demand only. The personal vehicle
demand is included in the household trips. An analysis of b-plate vehicle registrations
was conducted for the lllinois counties in the CMAP modeling area using current data
from the lllinois Secretary of State’s office. Using the registrations and total population in
these counties, an average rate of b-plate vehicles per person was developed. This rate
was applied to the remaining counties in the CMAP modeling area 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. To
determine commercial use of b-plates, national auto sales information from the last two
decades was used to determine the increased share of auto sales comprised of
trucks/minivans/SUVs. That was combined 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 b-plate vehicles included in the My Daily Travel survey
provided the average number of trips made daily. This value multiplied by the number of
b-plate vehicles provides an estimate of daily commercial trips for this vehicle class.

e Heavy trucks: Data on heavy truck trips within the CMAP modeling area was purchased
from the American Transportation Research Institute (ATRI). This dataset was analyzed
to determine the number of trips heavy vehicles make within the CMAP modeling area
and to identify the specific locations they visit.

e 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 for these truck classes relative
to heavy trucks. As an extra level of data verification, the reasonableness of these trip
values was confirmed by reviewing the results of a truck demand model developed for
IDOT to support the llliana Expressway analysis.

The 2019 base year daily truck demand is summarized in Table 4-44.

TABLE 4-44: 2019 TRUCK DEMAND BY VEHICLE CLASS
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B-Plate Trucks 1,748,000

Light Trucks 293,000
Medium Trucks 273,000
Heavy Trucks 470,000
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