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Integration of Activity-Based
and Agent-Based Models

Case of Tel Aviv, Israel

Shlomo Bekhor, Christoph Dobler, and Kay W. Axhausen

This study explored the possibility of integrating an operational activity-
based model and a dynamic traffic assignment framework. The Tel
Aviv, Israel, activity-based model and partsof the functionality of the
MAT Sim agent-based framework wer e used in an attempt todraw on
the best features of both approaches: the disaggregate demand rep-
resentation from the activity-based model and the disaggr egate sup-
ply representation of the agent-based framework. The study used the
per son—activity schedule produced by the activity-based model directly
and thus eliminated the need to aggr egate origin—destination matrices.
This paper compares results produced by this combination with those
of a static assignment of the Tel Aviv model, which showed a good fit at
theaggregatelevel. The purpose of the paper isto advancethefully dis-
aggr egateimplementation of activity-based models. Thepaper represents
astep toward thisgeneral goal.

Activity-scheduling model s based on ajointly modeled set of choices
have become increasingly popular in the last decade and have been
implemented for various policy applications. Examplesof such choice-
based modelsin the United States can be found in Portland, Oregon
(2); San Francisco, Cdifornia(2); New Y ork (3); Dalas—Fort Worth,
Texas(4); and Florida(5). Such models have al so been implemented
outside the United States, for example, in Jakarta, Indonesia (6),
and Tel Aviv, Israel (7). The rule-based approach in the Nether-
lands (8) and integrated activity-scheduling-driven demand and
traffic flow applicationsin Switzerland (9) follow different paths
to activity-based modeling.

Although these models differ in their structures, input data, and
levels of aggregation, acommon structure for entire activity-based
model applications can be depicted and is presented in Figure 1.

In most activity-based models, the raw output isthe individual’s
list of activities and trips, which include detailed information about
the departure time, destination, and mode for each trip and perhaps
stage. This detailed output is aggregated into origin—destination
matrices needed for the highway and transit assignments. These
assignments can be either static, asin most models, or dynamic, as
inamodel recently described by Lin et al. (10). The assignment out-
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puts are traffic volumes and travel times, which in turn are used as
inputs to the activity-based models.

TRANSIM Ssoftwarewas originally designed to account for thefull
disaggregate representation of individua travel behavior (11). How-
ever, Lawe et . recently applied the model using origin—destination
matrices (12). The authors used TRANSIMS as the router and
microsimulator using origin—destination matrices for agiven area.

The main reason for decoupling of the demand side of the problem
(the activity-based models) from the supply side of the problem
(either assignment or simulation models) is that the activity-based
modelstypically compute probabilitiesfor alarge number of aterna
tives, which demandsthe use of an explicit choice set. However, such
calculations result in long computation times to account for such
alternative setsin assignment or simulation proceduresfor real-size
networks.

The possibility of integrating an operational activity-based model
into a dynamic traffic assignment framework has recently been
explored. Castiglione et a. describe the integration of DaySim, an
activity-based travel demand forecast model developed for the
Sacramento, California, region, withthe TRANSIM Srouter, adis-
aggregate dynamic network assignment tool (13). Gao et a. under-
took a similar exercise but used the Toronto, Ontario, Canada,
activity-based model (14). Their comparison indicatesthat theresults
produced by an agent-based tool kit not only are compatible with
those produced by static assignment but are more realistic from a
temporal point of view. Hao et al. explored the potential integration
of an existing activity-based travel demand model (TASHA) with
the agent-based tool kit for emission modeling (15). In the studies
of Gao et a. (14) and Hao et a. (15), the starting points were the
origin—destination matrices produced by the activity-based models.

The study described in this paper further extends this line of
research by using the person activity schedule produced by the mod-
uledirectly, thus eliminating the need to aggregate origin—destination
matrices. The purpose of the study isto further advancethefull dis-
aggregate implementation of activity-based models. In this aspect,
this paper representsafirst step toward thisgoal. The study described
in this paper used the Tel Aviv activity model and the MATSIm
agent-based tool kit in an attempt to use the best features of both
frameworks: on one side, the disaggregate demand representation
from the activity-based model and, on the other side, the disaggregate
supply representation from the agent-based tool kit.

Therest of this paper is organized as follows. The next two sec-
tions briefly describe the activity-based and the agent-based mod-
els. The methodological section showsthefirst steps performed, and
the subsequent section compares the results obtained with the exist-
ing Tel Aviv model with those obtained by use of the new combined
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—p Individual and zonal data
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OUTPUT
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Highway and transit assignments

FIGURE 1 Overall structure of activity-based
model application (OD = origin—destination).

model. The final section of the paper discusses the challenges of
future steps.

TEL AVIV ACTIVITY-BASED MODEL

TheTel Aviv activity-based model system comprisesahierarchy of
logit and nested |ogit model sfor the main stop of atour, namely, the
activity type, time of day, destination, and mode. The intermediate
stops are then modeled conditionally on the basis of modelsfor the
main stop. The Israel National Travel Habits Survey, conducted in
1996, is the primary data source for model development. The Tel
Aviv model accounts for up to two tours for each person: the most
important tour of the day, referred to as the primary tour, and the
second most important tour of the day, or the secondary tour.

Theapplication of the Tel Aviv model containsfour main functional
units: population generator, activity generator, trip generator, and trip
assignment. The distribution of submodels between these units was
primarily based on computational efficiency and programming conve-
nience rather than on the logical interrelations between submodels. A
detailed discussion of model development and application can be
found elsewhere (16).

The activity generator unit applies the activity-based model of
travel behavior to each person included in the synthetic population
sample. Asaresult, each person’sdaily travel isfully described and
includes the types and number of daily tours, the number of inter-
mediate stops, the destination for each activity, the modes used in
the different parts of each tour, and the time of day that the individ-
ual travels. Table 1 shows the attributes that are produced by the
activity generator unit. The structure of thefileis similar to that of
atypical household travel survey, and each record correspondsto a
person in the study area. Note that the number of vehicles in the
household is part of the activity generator model.

The trip generator unit summarizes individual trips into mode-
specific demand matrices for different periods of the day. These
matrices are then used as input to the trip assignment unit, which
performs all necessary auto and transit assignments by period of
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TABLE 1 Activity-Based Items in Tel Aviv Model

Variable Type Variable Description
Personal and household data Person ID
from population Household 1D
generator Expansion factor for given record
Age of person

Gender indicator

Student indicator

Y ears of study

Industry of employment

License holder indicator

Household size

Number of employed people in household
Number of licensed driversin household
TAZ of residence

Employment status

Number of children in household

Number of vehiclesin household

Main activity, primary tour

Primary tour combined time of day

TAZ of main destination, primary tour

Main mode, primary tour

Intermediate stops for primary tour

Activity at stop before main destination

Activity at stop after main destination

TAZ of intermediate stop before main
destination

TAZ of intermediate stop after main
destination

Mode switch at main destination

Main activity, secondary tour

Main mode, secondary tour

TAZ of main destination, secondary tour

Secondary tour combined time of day

Intermediate stops for secondary tour

TAZ of intermediate stop before main
destination, secondary tour

TAZ of intermediate stop after main
destination, secondary tour

Variables calculated by
activity generator

Norte: ID = identifier; TAZ = traffic analysis zone.

day. The present study directly usesthe activity-based file produced
by the activity generator unit.

MATSim AGENT-BASED TOOL KIT

MATSim isan agent-based travel demand modeling framework that
operates on the basis of individual agent plans, with a plan being a
schedule of activities, their locations, and thetravel connecting them.

Figure 2 illustrates the basic principle of MATSIim. The initial
demand of plans of activities (i.e., including the routes chosen) for a
full day isgenerated for each agent and is executed inamobility sim-
ulation. Plans are scored after the simulation step, and on the basis of
the score, agents adapt their plansin response to the conditions that
arose during the simulation.

A MATSim simulation convergesto astate analogous to the user
equilibrium through a process of systematic relaxation (17). Such
convergenceis achieved through adaptation and derivation of a set
of feasible plans for each agent from the original initial plan. As
these sets of plans grow to a limiting number, badly performing
plansarediscarded. Consequently, each agent’ s set of feasible plans
improves with increasing numbers of iterations. Feasible new plans
can be derived from existing ones by changing activity times and
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Initial demand

A
p| Execution (mobility simulation)
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Scoring (plan evaluation)
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Strategy/re-planning (route,
departure time, location)

4
Analysis

FIGURE 2 MATSim basic structure.

locations, rerouting travel between activities, changing transport
modes connecting activities, or dropping activitiesfrom the activity
schedule altogether.

METHODOLOGY

This section describes the initial steps performed to integrate the
Tel Aviv activity-based model in MATSim. By using the same gen-
eral framework presented in Figure 1, two possible frameworks are
outlined in Figure 3.

Thefirst approach issimpler. In this approach, thetool kit isused
asareplacement for the static assignment block. In the specific case
of the Tel Aviv model, the departure time choice could be directly
integrated into thisblock because the current model application uses

INPUT

~ Individual and zonal data

Networks and level of service
data

> Individual and zonal data

Y
Activity-based models

\4

OUTPUT
Individual trips and activities

v

MATSIm toolkit:
— Departure time and route choice
Traffic flow simulation

— including departure time and

(a)
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aggregate time periods, as explained below. At this stage the feed-
back between thetwo models(Tel Avivand MATSIm) isperformed
manually, so it is not possible to compare run times.

The second approach involves the adaptation of the utility func-
tions estimated in the activity-based models to the dynamic assign-
ment environment. The current MATSim implementation contains
heuristic utility functions with alimited set of variables, most of
which arerelated to the network level of service. In addition, calcu-
lation of the individual plans on the basis of explicit choice sets
involvesachallenge: inthe current version, theindividual plansare
changed according to the scoring function, based on genetic algo-
rithms (18), because their adaptation to accommodate explicit large
choice setsis difficult. Thislogic follows the logic of assignment
modeling, in which the choice set is built incrementally over the
iterations of the equilibrium search.

The present study islimited to theiterative approach. Thefollow-
ing subsections describe the steps needed to convert the static parts
of the Tel Aviv model to the dynamic assignment environment.

Departure Time Disaggregation

The Tel Aviv model system contains two separate models that deter-
minethe activity starting time and duration. Thefirst, main model isa
logit model accounting for thejoint choice of period of departurefrom
home and from the main activity stop of thetour. The periods modeled
include early morning (03:00 to 06:30 am.), am. peak (06:30 to
08:30 am.), midday (08:30 am. to 15:00 p.m.), p.m. peak (15:00 to
20:00 p.m.), and late evening (20:00 p.m. to 03:00 am.). A tota of
15 period combinations coversafull day, asdefined in Table 2.

The second model is a detailed time-of-day model developed by
Popuri et a. (19). Thismodel is apostprocessor to the travel demand
model system and isdesigned to be apolicy analysistool. Thismodel
looks at the time-of-day choices at agreater level of temporal resolu-
tion for automobileusers. Inthe current version, theauthorsused only
thefirst model, because the second one was not yet implemented.

INPUT

Networks and level of service
data

\ 4

Activity-based models
integrated in MATSim toolkit

Y

OUTPUT
Individual trips and activities

route choice
Traffic flow simulation

(b)

FIGURE 3 Proposed modeling frameworks: () iterative approach and (b) full

integration.
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TABLE 2 Definition of Period Combinations

Arrival Period
Departure Period MO am. MD p.m. EV
MO: 03:00 to 06:30 1 2 3 4 5
am.: 06:30to 08:30 - 6 7 8 9
MD: 08:30 to 15:00 - - 10 11 12
p.m.: 15:00 to 20:00 - - - 13 14
EV: 20:00 to 03:00 - - - - 15

MO = early morning; am. = am. peak, MD = midday, p.m. = p.m. peak,
and EV = late evening; — = period already defined.

Because the agent-based tool kit allocatesindividual trips dynam-
ically, it is necessary to provide precise departure times. This was
achieved by disaggregation of the 15 periods by consideration of
activity duration constraints. These constraints are the feasible time
windows of an activity. For primary activities, thefollowing assump-
tionswere made on the basis of the average valuesfound inthe I sragl
National Travel Habits Survey: 8 and 4 h for full-time and part-time
workers, respectively; 5 h for education activities; and 3 h for shop-
ping and other activities. For secondary activities, it was assumed
that each activity purposelasts 2 h lessthan the primary activity. The
remaining hours are spent either traveling, which is calculated by
using thetravel flow simulator, or at home. If initial departure times
at the half points of each time period are assumed, the model allo-
cates the best departure times; this attribute accounts for the con-
straints mentioned above.

Traffic Analysis Zone Disaggregation

The Tel Aviv metropolitan areais divided into 1,219 traffic analysis
zones. The agent-based model represents each facility (dwelling unit,
workplace, etc.) aong the links that compose the network. To main-
tain consistency between the approaches but al so to take advantage of
the more disaggregate supply representation, the aggregate zonal val-
ues were distributed proportionaly in the links that form each traffic
analysiszone. Only local and collector streetswereincluded, to avoid
placement of facilities onto freeways. The allocation wasproportional
to link length, so longer links will have more facilities along them.
This procedure was performed with purpose-built code using
the geographic information system database of the Tel Aviv model,
which includes zone boundaries, zonal characteristics, and the high-
way network. First, each road link is assigned to one and only one
zone. If alink crosses multiple zones, it isassigned to that zone where
it is predominantly located. Because the planning network from the
Tel Aviv model already contains connector linksfor each traffic zone,
the links are assigned to their corresponding zone, regardless of the
link length. Thisensuresthat each zone has at least one assigned link.
Thefacilitieswithin azone are equally distributed among the links
of azone. During thisdistribution, some links areignored because no
facilities are expected on some link types (e.g., freeways). The net-
work coding of the Tel Aviv model wasused to identify thelink types.
Because no specific information about facility locations was avail-
able, it was assumed that the facility distribution respects the length
of thelinks, to keep thefacility density uniform along alink. Thispro-
cedure ensures that the trips departing or arriving at a certain zone do
not convergeto asingle entry or exit point, asin planning networks.
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The Tel Aviv metropolitan area has 3.2 million inhabitants. The
Tel Aviv model currently runs with 10% of the full population to
avoid long run times. To maintain consistency, the same samplewas
used for the integrated runs.

Network Conversion and
Level-of-Service Computation

Theassignment unit of the Tel Aviv model uses EMME/2 software,
Release 9.6, from INRO, Montreal, Canada, to perform traffic and
transit assignments. No major issues related to the conversion of
EMME/2 formatsto MATSim formats are encountered, and details
can befoundinthework of Gao et a. (14). To maintain consistency,
the same free-flow travel times and capacities of the links as the
static assignment were used. Turn penalties are converted in the
dynamic network by expanding the nodes containing turn restric-
tionsto aset of nodesthat are interconnected according to the given
restrictions. The converted network has 7,879 nodes and 17,118
links. The model parametersrel ated to the dynamic assignment were
calibrated by the use of aggregate traffic counts and data from the
static assignment network in the Tel Aviv model (free-flow travel
times and capacities).

The activity generator unit of the Tel Aviv model, as with other
activity-based models, needs level-of-service data from network
assignment models. In the current implementation, transit travel
timeswere still provided from the EMME/2 assignments; therefore,
only car travel times were provided from the dynamic assignment
model. To feed the activity generator unit, a procedure that com-
putes travel time matrices from MATSIim was added. To maintain
consistency between the two model components, thetravel timeson
connector linksto the traffic analysis zones were kept constant.

RESULTS

This section presents selected results from the combined models.
Thefirst result is obtained with the original Tel Aviv model. Figure4
compares the distribution of primary tours obtained from the Tel
Aviv model and the survey by period. Asexpected, most tours occur
during the period from the morning peak to midday and the period
from the morning peak to the afternoon peak. These are related to
education and work activities, respectively. The labels on the x-axis
in Figure 4 correspond to the 15 combinations of periods.
Theresultsof the discretization processaredisplayed in Figure 5,
which shows the distribution of the agents (individuals) for all trip
modesby timeof day. Asindicated in the section on the study method-
ology, the model starts the run under the assumption that the depar-
ture time is equal to the half point of each time period and tries to
find the best score for each individual. For example, it is assumed
that thefirst departurein the early morning period occurs at 4:30 am.
After severadl iterations, the dynamic iterative model reaches a con-
dition in which the combined departure time and route choice for
each individual cannot be improved further, given the constraints
imposed on activity duration and starting activity times. After 24 h
(that is, thetime of 28:30 in Figure 5), all agents should be at home.
The traffic flows obtained from dynamic assignment model
were compared with those from the original static assignment
model for Tel Aviv. For ease of comparison, the results from the
dynamic assignment model were aggregated by hour. Figure 6
provides aqualitative view of the difference in flows between the
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FIGURE 7 Link flow comparison on main roads for morning peak hour.

two models on the main roads of the metropolitan area for the
morning peak hour. The green signs are dominant, indicating that
the differences between the two models are relatively small (up to
a20% deviation).

Figure 7 provides a quantitative comparison of the link flows on
main roads for the morning peak hour. The regression line is a bit
skewed, meaning that the dynamic assignment flows on these roads
are smaller than those for the static model.

To investigate the reason for the differencesin traffic flows, the
flows produced by the modelswerefirst compared according to traf-
fic counts. Table 3 presents a summary of the comparison for two
main screen lines of the metropolitan area, Highway 4, which runs
in the north—south direction, and Highway 5, which runs in the
east—west direction. The traffic counts were obtained from regular
counts performed at the junctions that cross these highways (20).
The overall results show a good match with traffic counts.

Figure 8 shows that the regression slope for the link flow
comparison on screenlinesis closer to 1 than the slopesin Figure 7.

The MATSIim dynamic assignment provides link flows different
from those provided by the static assignment. This is expected,
given the high level of congestion during the morning peak hour,
and consequently, several links in the static assignment are over-
saturated. The dynamic assignment model includes a queuing rep-
resentation that better reflects the congestion effect than the simple
volume—delay functions used in the static assignment.

Further inspection of the simulation results reveal sthe explanation
for thelink flow differences. Figures9 and 10 display software simu-
lations for two times: 7:00 and 7:30 a.m., respectively. Because of
spacelimitations, smulationsfor only thesetwo time slotsare shown.
The green dots represent agents traveling on noncongested links, and
the red dots represent agents traveling on congested links. A link is
defined to be congested when the speed falls below 10% from the
free-flow speed. The highway crossing the area in the east—west
direction isHighway 5, used in the screenline comparisons.

As expected, more trips took place on the network at 7:30 am.
than at 7:00 am. In contrast to the ssimulation for 7:00 am., which

TABLE 3 Comparison of Screen Lines for Morning Peak Hour

Static Assignment

Dynamic Assignment

Screen Line Direction Traffic Count Volume Deviation (%) Volume Deviation (%)
Highway 4 Eastbound 30,416 28,982 -5 30,275 0
Westbound 39,507 42,230 7 39,967 1
Tota 69,923 71,212 2 70,242 0
Highway 5 Northbound 15,344 15,244 -1 15,702 2
Southbound 24,814 23,515 -5 24,042 -3
Tota 40,158 38,758 -3 39,744 -1
Grand total na 110,081 109,970 0 109,986 0

NoTE: na= not applicable.
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FIGURE 8 Link flow comparison on screen lines for morning peak hour.

has few congested links, the simulation for 7:30 a.m. shows that
in certain links the flow is close to capacity, which causes some
spillback. Further inspection of the hourly results obtained from
the simulation model shows a good match with the traffic counts.
The overall result of the simulation model is closer to the traffic
counts than the results of the static assignment model, because the
link flows obtained in the static assignment are higher than the
capacity, awell-known deficiency of any static assignment model.

FIGURE 9 Software simulation at 7:00 a.m.

DISCUSSION OF RESULTS

This paper reportsthefirst step toward the integration of an activity-
based model in an agent-based dynamic assignment framework. The
paper benefits from two existing applications: the Tel Aviv model
and the MATSim tool kit. Although at this stage comparison of run
timesis not possible, the dynamic assignment in MATSim is quite
fast for the medium-size network considered: it takes about 2 h to

MATSIim
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FIGURE 10 Software simulation at 7:30 a.m.

perform 100 iterations. The activity generator unit of the Tel Aviv
model needs about 1 h per iteration to create the activity schedules.
This means that the combined model runs in a reasonable amount
of time.

The paper focused on comparison of the aggregate results, to
show that the more detailed behavioral representation can aso be
used for general planning aswell asmore detailed case studies. Sim-
ilar tothefindings of Gao et a. (14), the present study found agood
match at the aggregate level. Note, however, that in the study of Gao
etal. (14), theonly replanning strategy allowed wasrerouting. Inthe
current study, both rerouting and activity times were adapted by the
agent-based tool kit.

This paper shows that the full activity list can be used directly,
without the need to create origin—destination matrices. Thisfeature
isone of the reasons for improved run times, as indicated by Rieser
etal. (21).

The next step toward afull integrationistheinclusion of the utility
functions developed for the activity-based models in the agent-based
tool kit. For the Tel Aviv model, the authorsare currently working on
the destination choice problem, because MATSim containsalocation
choice module (22). Theideaisto replace the search space by apre-
calculated destination probability distribution, which would be com-
puted in accordance with the activity-based model. Theinitia results
are promising and will be reported in a subsequent paper.
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