
1 D.L. Kurth and C.L. Chang, Barton-Aschman Associates, Incorporated, 820 Davis Street,
Evanston, Ill. 60201. P.J. Costinett, KJS Associates, Incorporated, 500 108th Avenue, N.E.,
Suite 2100, Bellevue, Wash. 98004.

28

Enhancements to Circulator-Distributor Models for Chicago
Central Area Based on Recently Collected Survey Data
DAVID L. KURTH, CATHY L. CHANG, AND PATRICK J. COSTINETT1

The city of Chicago is evaluating alternative methods of providing for the distribution and
circulation of commuters to and workers, visitors, and residents in the vibrant and growing
central area of Chicago.  In 1990 and 1991 an alternatives analysis/draft environmental impact
statement was prepared for a circulator-distributor system for the central area of Chicago.  The
planning for the locally preferred alter-native, a light-rail-transit circulator-distributor system, has
now entered the preliminary engineering/final environmental impact statement (PE/FEIS) phase. 
Refined travel forecasts are being prepared for the PE/FEIS by using refined travel models
calibrated with recently collected mode-of-egress survey data.  The calibration of the refined
circulator-distributor travel models is discussed.  In addition the implications for future
circulator-distributor and regional modeling efforts that incorporate nonmotorized modes in the
choice process are presented.

In 1990 and 1991 an alternatives analysis/draft environmental impact statement (AA/DEIS) was
prepared for a circulator-distributor system for the central area of Chicago.  Ridership forecasts
for the AA/DEIS were prepared by using downtown people mover (DPM) modeling techniques
first pioneered for Los Angeles in the early 1970s and later applied in Miami and Detroit (1-3). 
These models were transferred to the Chicago area and were adjusted to reproduce aggregate
travel statistics such as average trip lengths by mode and overall mode shares (4).

The planning for the locally preferred alternative, a light-rail-transit (LRT) circulator-distributor
system, has now entered the preliminary engineering/final environmental impact statement
(PE/FEIS) phase.  On the basis of the experience in applying the travel forecasting models
developed for the AA/DEIS and the need for increasingly detailed travel forecasts, a number of
refinements to the circulator-distributor modeling process have been made:

! Representation of the transit, taxi, and automobile networks has been refined.
! Coefficients for the distributor mode-choice model have been estimated on the basis of

locally collected data.
! Model formulations have been revised.

The last two points are the major focus of this paper.  The first point, network representation and
path-building refinements, is documented by Chang and Kurth in another paper in this Record.

The travel demand forecasting procedures were applied to a portion of the Chicago region
including and surrounding the traditional Loop area (Figure 1).  The area modeled encompassed
approximately 6.5 mi2 and was projected to have more than 83,000 households and 890,000
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employees by 2010.  The area is the focus of regional transit services including commuter-rail,
rapid-rail, and bus lines.

Figure 1 also shows the detailed zone structure used for the modeling process.  Zones within the
Loop are generally defined by blocks.  Outside the Loop two or more blocks might constitute a
single zone.  External stations are also defined wherever transit lines cross the study area
boundary and for the six major commuter-rail stations included in the study area:

! North Western Station,
! Union Station,
! LaSalle Street Station, and
! Metra Electric commuter-rail stations at Randolph Street, Van Buren Street, and

Roosevelt Road.

Two types of internal trips are the primary candidates for travel on a central area circulator-
distributor system: internal-internal (circulator) trips and the secondary portion of external-
internal and internal-external (distributor) trips.  These two types of trips are characterized by
marked differences in terms of peaking, activity linkages, regularity, and purpose.  Distributor
trips are made primarily by central area workers who use regional transit to travel to and from the
central area.  In the morning these travelers must choose a transit stop at which to leave the
transit vehicle that takes them to the central area and the mode of travel (walk, circulator-
distributor system, taxi, or a portion of another regional transit route) from the transit stop to the
final destination.  In the evening the same basic choices are reversed.

In addition to being a major employment and commercial center, the Chicago central area is also
a residential area, a cultural center, and a convention center.  Thus circulator trip-makers can be
divided into several groups on the basis of whether they are residents of the central area,
nonresidents of the central area with work as their major purpose for being downtown, or
nonresidents of the central area who are downtown for nonwork purposes.

For the Chicago central area the above definitions were used to stratify the travel forecasting
model into manageable submodels.  Two times of day were explicitly modeled: the morning peak
period and midday.  Distributor and circulator trips were modeled for both.  In the morning peak
period the main function of the central area transportation network is the distribution of external-
internal trips from regional transit services and commuter rail stations to final destinations.  At
midday its main function is to provide for central area circulation.  The following submodels
were developed for forecasting travel within the central area:

! Morning peak period distributor model.
! Morning peak period circulator model for central area residents.
! Midday distributor model.
! Midday circulator model for central area workers.
! Midday circulator model for nonworkers in the central area.
! Midday circulator model for central area residents.

Mode-Choice models were developed for the distributor models for both times of day for all trips
entering the central area through one of the six central area commuter-rail stations.
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The submodes considered at the stations are

! Walk,
! Transit (local bus, express bus, rapid rail, distributor), and
! Taxi.

The submodes provide means to travel from the rail stations to the final destinations in the
central area.  The trips from commuter-rail stations to final destinations are assigned by submode
to their respective networks.

The original DPM models (e.g., for Los Angeles) used a multinomial logit formulation to model
mode choice.  The modeled distributor systems were "exotic" transit systems such as automated
guideway people movers and were considered unique, independent transit modes.  The choice
alternatives for this model formulation are shown graphically in Figure 2(a).

For the AA/DEIS the choice model was modified to the form shown in Figure 2(b).  The
distributor alternatives considered for Chicago (transportation system management bus and LRT)
were considered to be within the range of transit alternatives already available for distribution
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purposes.  The distributor was modeled as an alternative path of a generic transit mode rather
than as an independent mode.

For the PE/FEIS a nested-logit formulation was used to account for the fact that the proposed
alternatives are not truly independent [as in Figure 2(a)], and the use of an LRT distributor
system is not the same as riding local buses to final destinations [Figure 2(b)].  The PE/FEIS
mode-choice model formulation is shown in Figure 2(c); "local" represents local bus service, and
"premium" represents express bus service and LRT.

External-internal trips entering the central area on rapid-rail and bus lines must also be
distributed to their final destinations.  However unlike trips entering the central area on
commuter rail lines, travelers entering the central area are not forced to change their mode at one
easily identifiable transit transfer station within the central area.  Rather they can ride to the stop
nearest their final destination and then walk.  Since the transit network in the Chicago central
area is so extensive, the distribution of transit riders (i.e., rapid-rail and bus passengers) to their
final destinations is accomplished solely through trip assignment techniques.  The transit
assignment process determines the optimal time paths from "external" transit stations to final
destinations and assigns the trips to those paths.  The optimal time paths account for in-vehicle
travel times, wait times (for transfers), and walk times for transfers and to the final destination.

The estimation of travel in the central area in the circulator mode requires the application of all
phases of the travel modeling process: trip generation, trip distribution, mode choice, and trip
assignment.  Trip generation is based on models developed by Chicago Area Transportation
Study (CATS) that generate total person trips, including walk trips, and on the results of a
downtown building survey.  Trip distribution and mode choice are accomplished through models
estimated specifically for the central area.  As with the distributor models for trips from
commuter-rail stations, circulator trips were assigned to their respective networks by submode. 
Again the circulator was considered to be part of the premium submode.

A number of observations regarding the simultaneous trip generation, trip distribution, and
mode-choice circulator trip modeling methodology used for the AA/DEIS were made.  First, the
model was difficult to "control." The variables associated mainly with trip distribution interacted
with (and sometimes overwhelmed) the mode-choice variables and vice versa.  In addition no
behavioral explanation could be attributed to the main distribution variable-the natural log of the
area of the zone.  Finally a matrix balancing technique had to be employed to obtain a reasonable
and stable trip distribution.

Two alternatives to the AA/DEIS circulator choice model form were considered for the PE/FEIS
model.  The first was a fully nested choice model as shown in Figure 3. This model form can
shown in Figure 2(c), with the exception that the premium transit be hypothesized as a more
appropriate structure for the circulator submode is replaced by two submodes: express bus and
LRT.  This models and should resolve many of the difficulties noted with the was done to allow
for the use of a separate mode bias coefficient AA/DEIS model form.  Unfortunately no
disaggregate choice data for LRT for the circulator markets for central area workers and were
available to estimate the model coefficients for fully nested central area nonworkers.  This
procedure is consistent with the choice models.  The second, chosen, alternative was to
disaggregate the circulator choice models into their component parts and use more traditional
sequential modeling process.
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The separation of the simultaneous distribution-mode-choice vehicle over a bus models into their
component parts was a drastic change in the modeling methodology.  To maintain some impact
of the entire transportation system on the trip distribution, the log sum of the mode-choice model
was used to define the impedance, or separation. between zones.  A traditional gravity model
formulation was then used to distribute the trips.  Since the original AA/DEIS distribution-mode-
choice model included a matrix balancing step to ensure trip attraction balancing in all zones, the
conversion to a gravity-type distribution model with composite impedances defined by the
denominator of the mode choice model was reasonable.

The circulator mode-choice model form is shown in Figure 4.  The model form is very similar to
the distributor model form shown in Figure 2(c), with the exception that the premium transit
submode is replaced by two submodes: express bus and LRT.  This was done to allow for the use
of a separate mode bias coefficient for LRT for the circulator markets for central area workers
and central area nonworkers.  This procedure is consistent with the procedure used in the
AA/DEIS and accounts for the hypothesis that, all other travel characteristics being equal,
travelers in the central area worker and nonworker markets will select a light-rail vehicle over a
bus.
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CALIBRATION OF PEAK DISTRIBUTOR MODEL

In 1989 Metra performed a mode-of-access survey on commuter-rail lines in the  Chicago area
(5).  The self-administered survey was conducted on the trains and included detailed mode-of-
egress and final destination questions. This provided a rich data base of 20,741 individuals
observations for the estimation of central area travel models.

Table 1 summarizes the calibration data.  The average walk time for walk egress trips was 12.4
min., or about 0.6 mi.  This is substantially longer than the 0.44 mi. maximum walk distance
used as a rule of thumb in many regional modeling processes.  However for the same trips 3.9
min. would be spent, on average, walking to and from taxis, and 5.7 min. would be spent walking
to and from transit stops.  As would be expected the average walk times (for the walk mode) are
substantially higher when taxi or transit was the chosen egress mode.

A logit model estimation program (6) was used to estimate the peak period distributor market
mode-choice model.  Two preconceived notions guided the calibration.  The first was the desire
to disaggregate travel time into its component parts-walk time, wait time, and in-vehicle time. 
The original Los Angeles DPM models used only one travel time variable.  This resulted in
models that were equally sensitive to changes in walk, wait, or in-vehicle travel times.  This
situation was modified in the transfer of the models to Chicago for the AA/DEIS through the
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addition of a walk distance variable.  This variable was necessary to reproduce aggregate mode
shares by distance, but since a constant walk speed was used in the modeling process, the
variable had the same effect as increasing the walk time coefficient.  The second notion was that
a nested structure was appropriate for the choice process.  The results of the model estimation
process led to the final nesting structure used for the peak distributor model [Figure 2(c)].

The final distributor mode-choice model is shown in Table 2 along with the coefficients for
models used for the Los Angeles DPM models, the original AA/DEIS study for the Chicago
central area circulator, and regional models used in Chicago.  It was necessary to create a
composite travel time variable for wait time and in-vehicle travel time to obtain a reasonable
model coefficient for in-vehicle travel time.  All attempts at different model structures that
included in-vehicle travel time as an independent variable resulted in positive in-vehicle travel
time coefficients.  Review of the data summarized in Table 1 provides a reason for the incorrect
sign: in-vehicle travel times occur only for the transit and taxi modes, the modes more likely to
be used for longer egress trips.  Thus the existence of in-vehicle travel time becomes a good
variable for explaining why transit or a taxi is used.  Both taxi and transit have very similar travel
times for the interchanges included in the calibration data set, and taxi has relatively few
observations.
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To test the effect of the lack of difference between the transit and taxi in-vehicle travel times, a
special run was performed.  The calibration data were modified to reduce the taxi in-vehicle
travel time by a factor of 2 for all observations in which a taxi was the chosen mode.  This run
resulted in the in-vehicle travel time coefficient's being the correct sign and significantly different
from zero.

These results suggested that it would not be possible to estimate a reasonable, independent
coefficient for in-vehicle travel time with the available calibration data.  As a result a composite
variable combining one-half of the in-vehicle travel time with the wait time for transit and one-
half of the in-vehicle travel time for taxi (taxi wait time was assumed to be zero) was created. 
This resulted in a model in which the ratio of the wait time coefficient and the in-vehicle travel
time coefficient was 2.0. This ratio was consistent with the regional mode-choice model recently
calibrated for Metra.

The creation of a composite travel time variable was not the desired method for model
estimation.  However on the basis of the analysis of the calibration data and an analysis of the
options available it was deemed the best solution.  Several other options existed.  The first would
have been to exclude in-vehicle travel time from the model.  If this had been done a model with
reasonable coefficients for wait time, walk time, and travel cost could have been estimated.  It
could be argued that the data showed that travelers have little sensitivity to in-vehicle travel time
for the portion of their trip from the commuter rail station to their final destination.  However, the
resulting model would have been valid only for a very limited set of alternatives, since it would
not have passed a basic "reasonability" test.  Specifically one use of the model will be to test
alternative LRT alignments.  If in-vehicle travel time is not included in the utility equation, two
different alignments would give the same mode choice for a specific interchange as long as walk
access and egress distances and headways are the same, even if the in-vehicle travel time of one
of the alignments was twice the in-vehicle travel time of the other.  Although this example is
somewhat illogical, it serves to identify the problem: over what range of travel time differences
would the model be valid?  A model that excluded in-vehicle travel time as a variable was
rejected as illogical.

A second option would have been to transfer a model from a different area.  This was the
approach used for the AA/DEIS version of the model.  That model produced acceptable results
for the AA/DEIS study and could possibly have been refined for the PE/FEIS study.  It could be
argued that this was, in effect, the option chosen.  The relationship between the in-vehicle travel
time and wait time coefficients was transferred from a regional model estimated by Chicago. 
Transferring that part of the regional model and rigorously estimating the rest of the model
coefficients produced a model more specific and applicable to the Chicago area than transferring
a model from another city.

One of the most interesting results of the model calibration was the need to stratify the walk time
variable by walk time.  The model coefficient for the shortest walk time range, 0 to 10 min., is
very similar to the coefficient for wait time.  This is consistent with many regional models in
which walk and wait times are often grouped into one composite out-of-vehicle travel time
variable.  The disutility for the second walk time increment, 10 to 20 min., is more than three
times as onerous as that for the first walk time increment.  Walk times of between 10 and 20 min.
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receive the full disutility of walking for 10 min. (i.e., -0.9152) plus the incremental disutility for
the portion of the walk greater than 10 min.; walk times of between 20 and 30 min. receive the
full disutility for 20 min. (i.e., -0.09152 x 10 + -0.3461 X 10 = -4.3762) plus the incremental
disutility for the portion of the walk greater than 20 min. but less than 30 min., and so on.

The Loop dummy coefficient is applied to those trips destined to the area bounded by the
Chicago River on the north and west, Michigan Avenue on the cast, and Congress Parkway on
the south.  The dummy variable implies that, all other things being equal, travelers are willing to
walk longer to destinations inside the Loop than outside the Loop.  The willingness of
commuters to walk longer distances to Loop destinations is probably an effect of the long history
of the traditional Loop area as an employment center served by the existing commuter-rail
stations and regular bus service.  Historically very little special service (e.g., shuttles) has been
provided from the commuter-rail stations to Loop destinations.

The nested model was not statistically significantly better than the root multinomial model with
choices between walk, taxi, local bus, and premium transit.  The chi-square coefficient
comparing the nested model with an equivalent multinomial model (the only difference being the
nesting coefficient) was about 0.6. Choosing the nested form did not provide any real
improvement in the explanatory power of the model.  Nevertheless the nested model was selected
since the nesting coefficient was reasonable and the model form fit preconceived notions.

The value of time for the model is about one-half of the value of time for the regional mode-
choice model recently calibrated for Metra and for the model used in the AA/DEIS.  The value of
time was affected by the use of a composite variable to estimate a reasonable in-vehicle travel
time coefficient.  However the relatively low value of time suggests that commuters are less
willing to pay incremental costs to travel from commuter-rail stations to their final destinations.

Table 3 compares the modeled mode shares with the surveyed mode shares by 5-min walk time
increments.  Figure 5 shows the same information in graphic form.  As can be seen in Table 3
and ion Station.  Station-specific constants were investigated to improve the results, but they
were rejected since their main justification would be to improve the validation results.
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CALIBRATION OF CIRCULATOR MODELS

No disaggregate data existed to rigorously estimate the circulator models.  The models were
developed on the basis of the relationships determined for the AA/DEIS versions of the models
along with the relationships and coefficients determined for the A.M. distributor mode choice
models.  The assumptions made in the specification of the mode choice model coefficients are
summarized below.

! The value of time for A.M. circulation trips for central area residents is comparable with
the regional value of time for work trips.

! The value of time for midday circulator trips for central area workers is comparable with
the regional value of time for work trips.

! The values of time for midday circulator trips for central area nonworkers and central area
residents is one-half of the value of time for midday circulator trips for central area
workers.
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Table 5 summarizes the final trip generation, trip distribution, and mode-choice model
coefficients used for the six market segments used in the modeling process.  Table 6 summarizes
the observed and estimated mode shares and average trip lengths for the various circulator
segment models.
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SUMMARY

A detailed distributor mode-choice model was estimated for the Chicago central area on the basis
of recently collected survey data.  In effect this model is a transit egress mode-choice model.  The
results of this effort produced several interesting findings:

! A constant value for walk time is not appropriate when the walk time exceeds 10 min. 
However for walk times of less than 10 min. the disutility of walk time is very similar to
the disutility of wait time.

! The implied value of time for the distributor (egress) mode-choice model is about one-
half of the value of time for the regional mode-choice model.

! If a nested logit model is used, the proper nesting structure is a choice between "walk"
and "don't walk" modes, and between the motorized modes beneath the main "don't walk"
mode.

The results of this model calibration effort suggest that future DPM modeling efforts should not
be based on the Los Angeles DPM model calibrated in the early 1970s.  Although the original
model coefficients for travel time and travel cost in Los Angeles are similar to the short walk and
wait time and the travel cost coefficients calibrated in the effort described here, the model for Los
Angeles did not fully account for the disutility of walking long distances.  In addition, the model
for Los Angeles probably overestimated the disutility of in-vehicle travel time.  Although the
likely underestimation of the disutility of long walk time and the overestimation of the disutility
of in-vehicle travel time have a tendency to cancel each other in DPM-based models for Los
Angeles, they could lead to questionable forecasts of future travel on circulator-distributor or
DPM systems.

The results of the present model calibration effort also have implications for future regional
modeling efforts that incorporate full mode choice that include nonmotorized modes and for
present modeling procedures that include walk access and egress times in the mode choice
model.  First, when walk time is considered, the disutility of walk time is probably not constant
across all time intervals.  This study suggests that for times under 10 min. the disutility of walk
time is similar to the disutility of wait time.  Many existing modeling processes will not suffer,
since a general practice has been to limit walk access and egress to 0.33 mi., or about 6.7 min. 



41

However some recent regional modeling efforts have stratified walk access into short walk (less
than 0.33 mi.) and long walk (0.33 to 1 mi.).  The results of the present study suggest that the
coefficient for the long walk access time should be higher than the coefficient for the short walk
access time.

When regional modeling efforts begin to incorporate full travel modes that include nonmotorized
modes, the effect of varying the sensitivity to walk time will need to be considered.  It is likely
that a similar phenomenon will occur for bicycle travel time, although the sensitivity might not
be the same as that for walk time.  Very little investigation of the use of walk and bicycle modes
has been done in the United States, although these modes are typically considered in European
cities.  Typically travel surveys used for calibrating regional models have not collected
information on nonmotorized trips.  This has started to change, especially with the recent Clean
Air Act Amendments legislation passed by the U.S. Congress.

The final nesting structure that was determined for the circulator model suggests that nested,
regional mode-choice models might be very complicated when walk and bicycle modes are
added.  It is likely that simple multinomial logit models will not suffice.  More likely the main
mode choice will be between walk, bicycle, and motorized modes or possibly between manual
modes (i.e., walk and bicycle) and motorized modes.  Under motorized modes the nested choices
might be similar to those for current regional mode-choice models.

As is typically the case more study and data are required.  The current Chicago central area
modeling process has been improved by the availability of the Metra mode-of-access and -egress
data.  However further improvement could be made to the models for the various circulator
model segments if comparable data were available for travel made by central area residents,
workers, and nonworker visitors.  This need will not disappear.  It will continue to be necessary
as regional planning processes and regional models attempt to consider all travel modes in future
modeling efforts.
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