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2 ¥ An Integrated Residential Location and Travel Model System
for Evaluating the Effect of Autonomous Vehicles

2.1 Introduction

As a complex system, urban transport system is made up of various dependent sub-model
components. These components are intuitively demand for an integration effort to exploit the real
potential of them and yield more reliable travel forecasting results.

Nonetheless, it was not until recent decades that operational integration models emerged. This is of
course partly due to the rising need for testing travel policy with increasing complexity, but also due
to improvement in computation power and data quality. It is expected that the next-generation travel
models with higher forecasting power would be widespread in practice.

Unfortunately, travel forecasting efforts are becoming so sophisticated, if not formidable, that
hinders other researchers and practitioners from comprehending the mechanism inside the “black
boxes”. Ease of understanding, use and transferability should deserve more attention, which in fact
are sometimes considered more important than theoretical soundness and advancements'".

Against these backgrounds, this article intends to propose an integrated model system considering
trade-offs between the theoretical soundness and ease of understanding in the context of Japan. Such a
model system is no single modeling approach but a “suite of related approaches” including “improved
land use modeling, tour-based models, activity-based models, discrete-choice modeling, traffic
micro-simulation, and dynamic traffic assignment™ .

The remaining article will be organized with firstly a literature review, then a description on the

proposed model system, and finally some reasonings as well as limitations.

2.2 Literature Review

2.2.1 Travel Demand and Activity-based Models

Travel demand refers to the needs of travel, it contains information such as origins, destinations,
time of day, and travel mode to suggest how trip makers reach places to fulfill specific activities or
needs. Travel demand modeling, as its name suggests, is to construct models for estimating this

information of travel demand. Due to its role in representing the complexity of human behaviors



especially in the sense of decision making, travel demand modeling has been long researched and lies
at one of the cores of transportation planning nowadays.

The well-known Four Step model has been applied widely since its introduction in late 1950s.
However, many researchers and practitioners voiced against Four-Step Model. Rasouli and

Timmermans>’

_summarized criticisms to Four-Step Model in four aspects: lack of integrity, lack of
dependency, its strong aggregate nature, and lack of behavioral realism. Some subsequent studies
attempted to extend the discrete choice model application to other dimensions of travel demand, i.e.,
not limited in mode choice or other single aspect. This stream of models is called disaggregate travel
demand model or Integrated Trip-based Model against the aggregate nature of Four Step Models. For
example, Domencich and McFadden® developed a multi-level model to represent optimal choices
within a decision hierarchy that is composed of work and residential location choice, vehicle
ownership choice, trip or no trip choice, destination choice, time-of-day choice, and mode choice, in
that order. Despite these inspirational studies having significant improvements over Four-Step Model,
disaggregate travel demand approaches were mostly still applied in a trip-based context, which has
been receiving criticisms such as failing in capturing complex individual responses. It is to this end
that following development of behaviorally-oriented activity-based approaches are introduced”.

The idea of activity-based model stems from a basic characteristic of travel demand: “the demand
of travel is derived, it is not an end in itself*®. It is the need to undertake activities at locations
different in space that makes people travel. The activity-based approaches as such laid great emphasis
on behavioral realism, that is, the underlying decision-making process for trip-making. Another
worth-noted characteristic of the activity-based approaches is that they are able to measure travel in
an entire day or even whole week scale so that allows better capturing of the effects across multiple
trips”.

After all, activity-based travel demand model is considered as the state-of-the-practice travel
demand model, where travel behaviors are captured in an advanced way. This argument will be
elaborated in the following contents.

Rasouli and Timmermans® categorized three types of activity-based models: Constraints-based
Models, Computational Process Models or sometimes called Rule-based models, and
Utility-maximizing Models. A general description is to be given as below. See Pinjari and Bhat™ and
Rasouli and Timmermans® for the information and details of all the models concerned.

The constraints-based models can be traced back to the mid-1970s. These pioneering models,
however, do not fit well the field of travel demand model or travel forecasting approach as they are

designed to check whether a given daily itinerary is feasible or not, rather than to predict individual-



or household-level activity-travel patterns”. Constraints-based models are mostly derived from the
framework of space-time prism®, which defines feasible activity-travel choice amid geographical and
temporal constraints. Two typical examples of models include PESASP model” and CARLA'?.

Rule-based models””

refer to those activity-based models using heuristics to mimic the
decision-making process. Although these heuristics are usually context dependent and thus have so
enormous branches that cannot be practically demonstrated in one single model, the rule-based
models can be coarsely viewed as an “exhaustive set of rules in the form of condition-action pairs™>.
These rules or heuristics sometimes do not pursue an “optimal” but instead “non-inferior” or
“sub-optimal” decisions during the process so as to reflect the embedding activity constraints and
priorities, which are context dependent as mentioned above. Representative examples of the
rule-based models include STARCHILD''?, SMASH', AMOS'?, ALBATROSS'?, TASHA'?, and
ADAPTS".

Utility-maximizing models have been popular since its introduction in mid-90s. This stream of
models is based on Discrete Choice Method framework as well as the framework’s major premise of
Random Utility Maximization in choosing alternatives, from which the stream takes the name. As
introduced, there have been many earlier models that employed discrete choice models, exemplified
by Domencich and McFadden®. Utility-maximizing models can be regarded as the extension to span
the modelling context to at least an entire day by including more dimensions of such as daily activity
pattern choice into a nested logit (NL) model and to seek for finer resolution for application.
Representative models include the DAS''?, CT-RAMP?”. CEMDAP?".

It seems that Utility-maximizing models, exemplified by DAS models and CT-RAMP models, are
gradually taking the majority in practice, but it can be asserted for now that still no one single model
has commanded universal appeal’”. Nevertheless, activity-based models are still in the way of

advancing to methodology with greater behavioral realism, better policy sensitivity, faster deployment,

and easier to be understood.

2.2.2 Integrated Transportation Models

A system is often featured by being composed of multiple various elements that interdependently
affect each other. Urban system is undoubtfully an exemplar of the complex interconnected structure,
where transportation is no more than one of its components. Integration asks to combine the involved
components together into one holistic mechanism. Transport planning is also required to be analyzed
as an integral part. In both the academia and industry, connections between transport and land use

planning are deemed important as being closer to each other.



At a more basic level, integration of elements within the transport system is also important in the
analysis. Integration at this level refer to the integration of travel demand and travel supply. Linkages
between the demand and the supply is usually reflected in the traffic assignment procedure that
predicts traffic flow conditions under a given pattern of travel demand and other related inputs. Being
less frequently mentioned and conducted for this level of integration is the equilibrium between the
demand and the supply, which means to iterate the interactions between the two until they converge to
a stable state like a market process”.

These levels of integrations can be illustrated in one general travel demand-supply and land use
causal structure (Figure 2.1), where feedback effects are adequately considered, and accessibility
plays an important bridging role. Unfortunately, these wisdoms of integration did not prevail until
recent decades as they are hard to operationalize. We consider it an important aspect for a sound travel

forecasting effort and finds it necessary to be reviewed. Thus, a brief review will be given in this

section, including two parts: integration with land use, and integration of travel demand and supply.
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Figure 2.1 Feedback Cycle between Land Use and Transport System323)

(1) Integrating Transport and Land Use Models

Land use models forecast primarily “the locations where urban activities occur”*"

, which decides in
other words the spatial patterns of activity locations or facilities in the study region. As land use
model determines distribution of locations around the region, it decides the patterns of travel demand
by determining the spatial separation pattern among the activity locations. On the other hand, change

in costs of travel, in turn, would affect the attractiveness of the location and thus stimulate needs to



modify the land use distribution.

Therefore, the relationship between transportation models and land use models has long been
recognized as being reciprocal. This reciprocal relationship is usually called the “Land-use transport
feedback cycle”. The models aiming at capturing this process are called Land Use Transport
Interaction (LUTI) Models.

The basic theory of the Transportation-land use feedback cycle is based on economic concepts such
as consumer behavior notions®”. These models are relatively simple but did establish a fundamental
notion that transport accessibility should not be neglected but instead is one of the key elements in
land use model. The land use models were usually coupled with a Four-Step model.

Later, some other integration models based on Spatial Interaction formulations such as IRPUD
model*” and LILT*® have been proposed and applied. However, few models of this type remain to the
present for their poor forecasting performance™. This is probably due to mainly their inadequacy of
the underpinning theory and limitation in representing broader economic activities®”. These criticisms
introduced the next generation of transport-land use integration models, which is based on RUM
framework. This includes TRANUS®", CATLAS*?, and MUSSA*®. The scopes of choices and details
are also expanded throughout this trend. For example, TRANUS incorporates explicitly land
development model for developers, and improves travel model by treating traffic flow by different
time of day and mode of travel. MUSSA has features such as adopting the form of auction for land
market, modeling in higher spatial resolution and more detailed transit network representation.

Since the 1990s, advances in computing power sparked a shift into the current state-of-the-art type
of LUTI model: agent-based microsimulation models, which attempted to simulate the behaviors and
interactions dynamically over time in individual level, so that the whole urban system and its changes
can be represented from the “bottom up”. These models emphasize especially the feature of being
disaggregated as well as dynamic. Noticeable models include UrbanSim®*** and ILUTE model*”.

UrbanSim is the currently most used LUTI model by MPOs in the U.S.*”, which makes it one of
the most flexible LUTI models to date. UrbanSim pursues parcel-level spatial resolution, which is
much finer than other applicable models. The whole framework consists of six sub-models: Real
Estate Price model to compute the prices of real estate good; Household Transition & Relocation
model to describe the evolution of households by time and whether they are planning to move or not;
Household location model to determine the specific location for household moving, Job Transition &
Relocation Model to describe the evolution and willing to move for firms, Job Location Model to
determine specific location for firm moving, and Real Estate Development model to decide new

supply of real estate goods™. All these sub-models apply multinomial logit (MNL) model except that



the Price model computes the results by a Hedonic Model. One important limitation of UrbanSim is
that it does not include transport model component but rather offer an interface to extend it with an
exogenous transport model.

ILUTE model stands for one of the most completed microsimulation models in this field. Four
contiguous components represent the core of ILUTE: land use, automobile ownership, location choice,
and activity-travel patterns. Multiple modeling methods are implemented for these components to
cope with different choice contexts, these methods including random utility models, rule-based
models, learning models, and state transition models. ILUTE was often coupled with TASHA, one of
the activity-based travel demand models, though the travel supply model is not explicitly

incorporated.

(2) Integrating Travel Demand and Travel Supply

Travel supply refers to transport services provided by the urban system. Specifically, the services
are delivered by the combination of infrastructure, vehicles, and the operators or the management
system of the former two®. In less broad terms, travel supply refers to the level of the services, or
metrics representing the network conditions. The interaction between travel supply and travel demand
is illustrated the upper half of Figure 2.1, where the feedback effects are shown in dashed line.
Therefore, to seek the travel equilibrium state in the short-term transport-related choices would more
sufficiently reflect a consistent travel forecasting and thus improve its reliability. Although this
statement seems correct whatever the policies concerned in one forecasting problem, the task of
finding the equilibrium is often not an easy one due to the complexities of the relationships above.

In traditional Four-Step Model, the first three steps forecast the changes in travel demand side
while the last step forecasts the influence on travel supply side. So, if exercised in a full iterative
process, the Four-Step Model should serve the purpose of seeking the equilibrium®®. However, the
Four-Step Model usually fails to adequately fulfill this task not only because that the basic
specification of the Four-Step Model incorporates an iterative process limited to route choice, but
more fundamentally also due to its shortcomings from applying trip-based method and static traffic
assignment method: e.g., feedback to prior stages of destination, mode, and whether to travel “has
often been introduced but not in a consistent and convergent manner™".

For travel demand side, in replace of the trip-based models, activity-based models are considered
more appealing with more behavioral reliability. Many operational activity-based travel demand
models have been proposed and applied around the world, see Subsection 2.2.1 for details.

For travel supply side, static assignment method has been implemented as a convention for a long



time. The feature of being “static” in conventional traffic assignment means that neither the OD pairs
nor the network conditions are treated time-dependent. As the conventional trip-based travel demand
models usually does not identify temporal variations more than peak and off-period period, the static
traffic assignment should meet most of the requirements then. Apparently, this is no longer the case
currently. For example, policies such as congestion pricing intuitively demands for a better temporal
resolution, this is in essence a call for accommodating travel demand dynamics in the supply model.
Against this backdrop, dynamic traffic assignment emerged where both demand and network
conditions, and travel times are time dependent.

Despite the advancements in both demand and supply models, the research efforts have been
achieved independently®® due to their complexities. To take the advantages from the both side and to
generally improve travel forecasting power of a model system, it is essential to execute the travel
supply-demand equilibrium process with these two advanced approaches. In this sense of integrating
activity-based travel demand model and dynamic traffic assignment model, a limited number of
applications have been published, some early examples include Lin et al.*®.

Subsequent research projects have sought to develop a model platform where the supply-demand
equilibrium is more closely integrated inside so that application efficiency would be improved. This is
achieved by better software designs and data constructs. This includes SInTRAVEL*®, FEATHERS™,
and POLARIS™.

Finally, the model system of SimMobility*" represents one of the most sophisticated model systems
of this stream. The Singapore-based model integrates long-term land use model, mid-term travel
demand model, mid-term dynamic traffic assignment model, and a short-term microscopic traffic
simulator for microlevel vehicle control such as lane change behavior in 0.1 second resolution. These

models were respectively enhanced and combined into the model system in the Singapore context.

2.3 Proposed Model System

Following the literature reviewed, a multi-hierarchical model system is proposed in a manner of
LUTI models (Figure 2.1). This model system mainly consists of three models: an activity-based

S an agent-based dynamic traffic simulation model, MATSim*; and

travel demand model, DA
an MNL-based residential location model.
As the Figure 2.2 shows, the DAS models the travel demand and MATSim models the travel supply

part. These two models are integrated in a manner that is similar to Lin et al.’*® to capture the



short-term travel demand-supply interactions: the outputs from both models, respectively

time-specific OD pairs data and network conditions data, are exchanged across the two models. After

the two models converge to a demand-supply equilibrium, a concept of activity-based accessibility*”’

is calculated as a composite change from the transportation system in order to be passed to the
long-term residential location choice as one of its inputs. The approach to incorporate the

activity-based accessibility used is reference to mostly Ben-Akiva and Bowman*?.
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Figure 2.2 Proposed Model System

2.3.1 MATSim as Travel Supply Model

As what have been discussed, MATSim was designed as an integrated simulation toolkit to model
travel equilibrium, which requires MATSim to be able to model both transport demand and supply
part. To this end, MATSim adopts a co-evolutionary iterative loop to converge to the equilibrium, as

shown in Figure 2.3.



The loop starts with an initial travel demand in the form of daily activity and trip chains for every
individual. The activity and trip chains are loaded to the road network in the Mobsim phase. After the
end of one simulation day, a score is calculated for each agent’s activity chains (i.e., plans). In the last
step of replanning, every agent possesses a collection of plans generated from their previous plans and
must choose one based on their scores to execute in the next iteration.

In the network loading part, a traffic flow model QSim is adopted as the default in MATSim. The
QSim applies a computationally efficient queue-based approach. Basically, when vehicles enter a road
segment, they follow the behaviors described below: first, go through the link with time of the link
length and velocity ratio; second, the vehicle is inserted into the tail of the queue of the road; and
finally leaves the road according to flow capacity of the road, where the outflow speed is distinctive to

each road and being specified by the capacity attributes.

!
)

Figure 2.3 MATSim lterative Loop*?

In the scoring and replanning part, a score is formulated in a generalized utility fashion, to offer a
criterion for differentiating a “better” and a “worse” plan for each agent. Based on the score, the
replanning applies Genetic Algorithm (or called Evolutionary Algorithm) that “breeds” a new plan
completely based on previous plans, i.e., plans it has conducted by the specific agent. Two operators,
mutation and selection operator are generally used in application. Mutation operator modifies a
certain component in previously executed plan and adopted this modified (i.e., mutated) plan for the
next iteration.

In its default configurations, three types of mutators that correspond to three components: route
choice, departure time choice, and mode choice are applied in MATSim. Reroute Mutator
re-computes the fastest path for each trip in the specific agent’s plan according to the time-specific
link travel times, which is calculated from the simulation of the previous iteration. Time Allocation
Mutator randomly draws a value from a uniform distribution, then shifts the activity end time for the
first activity and activity duration for the else with this value. Mode Choice Mutator changes travel
mode to a random other mode that in the agent’s ownership.

There are multiple types of Selectors available in MATSim, depending on the equilibrium state that



a modeler is likely to reach. A Best Reply Selector simply selects the best plan from the last iteration.
An MNL Selector applies the plan selection approach in a discrete choice way, which accounts for
stochasticity in agents’ behavior.

A sequence of the three phases of mobsim, scoring, and replanning form one iteration for the model.
One can consider the iteration process as an extension of route assignment loop to generalized
“supernetwork™> in an activity chain context. It means that the model process is designed to involve
not only route assignment but also other choice dimensions, such as mode choice and departure time
choice, to be jointly equilibrated. If a probabilistic Selector is applied, the stable state at convergence
is formalized in an agent-based Stochastic User Equilibrium. For each traveler, a collection of plans is

maintained, with which the population evolves simultaneously to converge to the equilibrium.

2.3.2 Daily Activity Schedule Model as Travel Demand Model

As introduced, an activity-based travel demand model on the basis of DAS model'® is employed as
the travel demand model for the whole model system.

DAS model adopts a utility-maximizing discrete-choice protocol to forecast travel itinerary for an
individual in a whole-day level. The travel decisions, i.e., demands are “viewed as a utility
maximizing individual’s choice of one day activity schedule from a discrete choice set of all possible

%) The definitions of the “schedule” alternative vary among different DAS model

schedules
specifications, but a main idea is shared by all the specifications that tour decisions are and should be
conditioned as well as constrained by the trip-makers’ activity pattern decision. These two form the
choices of “schedule” together. The utility of the pattern alternative is also dependent of its
conditional tours through the expected utilities of the tours. By doing so, sensitivity of pattern choice
to the change in tour characteristics is captured.

Specifically, the DAS structure proposed in this article is shown in Figure 2.4. This DAS structure
is much closer to what applied in by Bradley et al.'” and Li*?, both of which are the subsequent DAS
versions to the original one'®. Three levels of decisions: pattern-level decisions, tour-level decisions,
and trip-level decisions (or stop-level decisions) form the whole structure. Each level has multiple
models concerning different facets of one’s daily schedule: persons are assumed to draw an overall
image of what activities they are going to do that day, then for those activities with higher priority
several home-based tours are planned, while those activities with less priority are either performed in
another home-based tours or as an intermediate stop or subtour trip based on the location of the

primary activity. All the levels are structured within the MNL framework, though the way of defining

the alternatives may vary for the two “generation” models for subtours and intermediate trips.



The interrelationship across the decisions and models are indicated by the arrows in Figure 2.4. As
the legend suggests, the solid arrows in Figure 2.4 represent that the lower models are conditioned by
(i.e., receiving model inputs from) the models pre-defined over them, while dashed arrows represent
that pattern-level models are dependent to the expected maximum utility from some certain lower
models, whose actual decisions are to be made subsequently.

Daily pattern level decisions include two models: Day Activity Pattern model to predict whether or
not to participate in tours and stops (i.e., intermediate trips and subtour trips) for each activity
purpose; and Exact Number of Tours model to predict in this day the exact number of tours of certain
activity purpose that is predicted true in the previous Day Activity Pattern model. This level offers

modeling of substitution effects between extra tours and extra stops.
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Figure 2.4 Proposed DAS-type Travel Demand Model Structure



The numbers of stops for each tour are not predicted in this level, which is intentionally mentioned
in the technical memos of the Sacramento model as a feature differentiated it from previous model
designs. Instead, the exact allocation (to tours) and number of stops are handled with the information
of tours can be treated as known, which means after the modeling of tour-level decisions. This design
could offer better stop-level sensitivities as the changes in tour-level characteristics are reflected.

Tour-level decisions also include two models for predicting time of day and mode-destination of
each tour. Tours in this research are defined as a series of trips where the origin of the first trip and the
destination of the last trip are both homes. The time of day model predicts jointly departure time of
day (in five level of temporal resolution, Early, AM Peak, Midday, PM Peak, and Late) of two phases
in each tour: time point of the tour departs from home and leaves for home. For example, AM
Peak-PM Peak represents a tour that departs home at AM Peak and leaves for home at PM Peak. The
mode-destination model predicts jointly the primary destination mesh of each tour and the mode of
travel that leads to it.

Trip-level decisions include multiple models to complement the trip-level information for each tour.
Besides the primary activity in one tour, trip-makers are sometimes observed to make extra stops
during the tour. These include subtour: any round trips pattern with an anchor not being home, and
intermediate trips: any detours in order to perform extra activity on the way to or back from the
primary activity destination. Exact number of these two types of stops and mode-destination

information of theirs are modeled in the order shown in Figure 2.4.

2.3.3 Accessibility as an Evaluation Measure

The use of accessibility has been widespread in transportation planning, urban planning, and other
academic fields for decades, for assessing composite benefits from the transport system. The
definition of accessibility varies to its application context, but in its essence refers to “the potential of

7 at large. Geurs and van Wee*® provided a review and classification of

opportunities for interaction
the accessibility measures and proposed utility-based measure for analyzing the economic benefits
that people can gain from the activities.

The utility-based measure, in specific, the logsum is adopted in this article. This measure offers an

»¥) which is

interpretation of accessibility as the “expected utility associated with a choice situation
similar to an economic concept of indirect utility. Within the RUM framework, the expected utility
refers to systematic component of the maximum utility. In MNL, it equals to the logarithm of the

denominator:



1
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Where A, denotes the accessibility of individual n, u the scale parameter, i the alternative in the
choice set C,, Vi, the systematic component of utility of i for n, and C an unknown constant that
represents the absolute value of utility in that MNL specification.

Although the logsum measure suffers from shortcomings such as failing to capture temporal
constraints, i.e., the available time of facilities and time budget of individuals, it satisfies most of the
theoretical criteria proposed by Geurs and van Wee*), including being sensitive to changes in both
transport and land use system, taking individual’s heterogeneity into account, and being relatively
easy to operate and interpret. Of even more significance is that the logsum is, by its foundation, linked
to micro-economic theory so that render itself appropriate for economic evaluations. An indicator of
social welfare, consumer surplus can be easily transformed from logsum through dividing it by a
travel cost coefficient™”. As argued and suggested by de Jong et al.’”, the logsum measure of
consumer surplus is more accurate than traditional Rule-of-a-half practice, which is based on
assuming incorrect linear demand curves and cannot correspond to the situation where there is a
change occurred in the number of alternatives.

The applications of logsum measure in practical appraisals of transport project was limited until
2000°”, and the applications involved mode-destination choice mainly (e.g., Niemeier’”). As an
extension to that, Dong et al.*” formulated a concept called “Activity-based Accessibility” (ABA) that
was firstly presented by Ben-Akiva and Bowman*”. The key difference between the ABA and
mode-destination accessibility is that the former is generated from the DAS model, so it examines all
trips and activities in the whole-day range instead of a single trip. In specific, ABA still follows the
formula of logsum above, where the choice set C,, is a set of activity schedules rather than single
trip’s mode-destinations on specific trip purpose. This allows ABA to reflect the influence of trip

chaining and scheduling.

2.3.4 Residential Location Choice Model
The residential location model specification is based on that proposed by Ben-Akiva and

Bowman*?

as an integrated model connected to an activity-based model system. The residential
model is specified as an MNL model in household level, where the observed component of the utility

of residential location / for household i is of two parts:



Vi = BX; + ady; (2)

Where X; is the attributes of /, A;; is ABA value: the expected utility calculated from the Day
Activity Schedule level, the top level of DAS model, of household 7 given residential location /, and
a, B are coefficients to be estimated. Specifically, three types of A;; are included in this model

system:
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Where A%y, A%, A%y, are the average ABA for workers, students, and unemployed people in
the household i respectively. These three terms are pre-calculated and estimated as three independent

variables with corresponding coefficient a. The average ABA term of each person type would not be

included in the utility function if that household has no member with the specific person type.

2.4 Reasonings and Limitations

2.4.1 Reasoning of the Proposed Model System

The model system is proposed with the intention of having sufficient forecasting reliability and
sensitivity. As reviewed, the combination of activity-based travel demand model and dynamic traffic
assignment model are considered the state-of-the-art paradigm in travel forecasting. Hence, advanced
model reliability and sensitivity are expected compared to its traditional counterparts at large. How
these advantages can be gained in specific in the DAS and MATSim combination is summarized
below.

The major advantage and the reason to be use MATSim in this research is its spatial and temporal
resolution which are one of the finest levels currently available in the operational models. This model
was built on basis of the knowledge and experience from TRANSIMS project’® whose probably the
most significant feature was the unprecedented resolution and scale at the time: second-by-second
microsimulation over a 24-hour period within “all-streets” network in the scale of entire cities™®.
Many features of TRANSIMS have been succeeded by MATSim but also with some advances: for
example, MATSim replaced cellular automata model with a queue model for network loading, so that

further speed up the assignment process. Concisely, the improved network representations are



considered necessary to match the precision of travel behaviors generated by advanced activity-based
demand models.

Despite that MATSim was originally designed as an integrated transport demand and supply model,
this model system purposely choose not to enjoy the MATSim’s full function. The main reason to that
is the travel demand module in MATSim cannot provide sufficient model sensitivity required in
examining induced travels in the sense of travel more and travel longer. We expect that the induced
travels would influence the congestion effect and accessibility. In this regard, a separate activity-based
demand model is adopted to generate daily demand including the “trip generation” and “trip
destination” steps.

The reason for why the activity-based travel demand model is chosen over other conventional
travel demand models can be summarized simply in that, especially for the DAS type, it allows
“consistent generation of all tours and trips made during a person-day”>. While compared to the
other trip-based and tour-based models, activity-based models provide a new modeling dimension: the
daily pattern level, so that it could not only give greater level of output detail but also accommodate
the interactions between the tours made during one entire day.

To this end, we choose DAS model, one representative of the utility-maximizing models, among all
the activity-based models that have been proposed and applied. The reasons why the rule-based
activity-based models were not adopted are that most of the rule-based models focus on activity
scheduling and sequencing while considering activity generating to be exogenous. To choose DAS
model, among other activity-based models, is at first because of a practical reason that DAS type
models are one of the most applied travel demand models in the real world. This is presumably due to
its utility-maximizing protocol and hierarchical model structure being easier to be understood and
validated, so that they get more chance to be appreciated by the practitioners and policymakers.

The DAS model is also considered to be one of the most maturely developed activity-based model
systems nowadays. DAS model was structured on the basis of trip- and tour-based discrete choice
models, where interactions among the travel decisions were captured via expected utilities. These
model systems have been extensively applied, validated, and extended, suggesting their “ability to
perform reasonably well in forecasting”*®. As an extension, DAS model managed to accommodate
trips and tours into one larger level of so-called “day pattern”, so that allow more policy sensitivity to
the pattern-level choices. Despite comprehending to this more complex choice hierarchy could
introduce difficulty and even new sources of bias in forecasting, it is chosen as a balance between the

model sophistication and model sensitivity.



2.4.2 Limitations of the Proposed Model System

In general, a transport forecasting can never be perfect, and it is especially true when it is extended
to the land use forecasting. Some of the representative limitations and/or potential for improvement of
the proposed model system are discussed below.

First, limitations of the activity-based travel demand model (i.e., DAS model) should be shared. For
the proposed model specification, at least two obvious points can be improved in future: one is that
the individual specific time budget has not explicitly incorporated; the other is that the logsum
variable does not reflect changes from time of day and other trip-based level choices. Especially, if
well handled, the time budget constrain should produce more realistic induced travel distance results.
An improved version of DAS is expected to solve the limitation, such as in the empirical analysis by
Vyas et al.” where another activity-based travel demand model CT-RAMP was used that is said to be
able to do so.

Second, there is potential for significant improvement regarding the land use model part, although
it is expected to increase both model complexity and data requirements. Aspects such as job location
choice, development choice of housing or other facilities (Figure 2.2) may need to be incorporated to
acquire a more realistic forecasting in the long term. A life-cycling model to reflect the demographic
changes in the long term is also desirable in acquiring more reliable forecasts. Furthermore, the

long-term loop in Figure 2.2 is also advised to be performed.
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B SAV without DRS SAV with DRS
R t fE R¥ tfE

Random Parameter

FeHRFH [SAV] -0.14 -2.29 -0.34 -4.36

FFHEEH [SAV] -0.20 3.14 -0.22 -2.61
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3.3.3 HEYZHSISAVICHE DIEZ
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INFET 100%DY > TIVRIZED VI 2 b—2a VEERND DREZEN 10%LNICINE 5
P TNVRIZER LTl A O 7203, 10%LANIZINZ T 5%LAA, 20%ANICIL E 5 A FEAT
BT DT T NARIZONTHE 32 IR LI, kB, ROMLEF T ILRT, £Ho7 L
FIZL DV 2 b= a3 UREROITIE L3R T DRI O S0 B R DTz,

SAV without DRS {Z-DW\Tid, 2274 VKT M A4 R < FREEICR L T 3322 S%EANICHN 2. %
WZIEB L Z 20% 0D, #87 10%UANICHI 2 D123 X Z 10%D o TV ERENENLETH
%o SAV with DRS (%, Z27E VKT R & B FERE R 2 bR < FRERIZ B L CL RAZERIDH 5%, 10%.
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x3.2 BEYUTLEDFELED

Without DRS With DRS
AT D RSP 5% 10% 20% 5% 10% 20%
HH A

16.6% 9.0% 5.8% 61.2% 36.4% 24.9%
(1 EHzv s AR)
BHEYVSHEN) v 7 198% 9.3% 5.0% 60.0% 34.4% 19.7%
1 Adb7=1 VKT At TNV TERM AT T 72.9% 54.1% 31.8%
Z27E VKT g 47.2% 24.4% 9.5% 86.8% 75.1% 56.5%
MRS R 17.6% 8.5% 3.5% 88.2% 76.7% 56.9%
RPN - - - 70.0% 47.6% 19.6%
SEREIRS - - - 33.1% 19.4% 9.7%
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