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In this thesis we propose a time-dimensional transport demand management (TDM) methodology
and prove the importance and viability of the temporal management for a safer traffic. Modifications in the
time dimension will generate social costs, while traffic changing elements are control variables. Our
objective was to apply a time dimension TDM strategy to mitigate the accident risk effects of traffic mixture.
We achieve this by minimizing the formulated social costs. Since the time choice remained completely in the
hands of the commuter then we incorporated the Equilibrium Conditions to our model. These conditions
result in a mathematical programming with equilibrium conditions problem or MPEC problem. The
theoretical contribution to the TDM field was supported by a direct application during an urban
development construction process. The setting we used was Tohoku University Aobayama Campus where
conflicting traffic conditions were present.

In chapter one, we presented why a temporal dimensional traffic demand management is a
solution to the mixture of different type of vehicles in a congestion setting. Also, this type of solution and its
implementation is a novel approach that can be easily implanted. On the other hand the solution attracts
some drawbacks. In that sense, we construct the social costs, from which we determine how to minimize
these social costs when modifying the heavy vehicle schedule. These heavy vehicles are the heavy
construction vehicles and bus transit. Bus transit schedule modification affects indirectly the commuter
which was reflected in the commuter modal decision. Furthermore, commuter's time decision was time
decision was taken into consideration and modeled. Our formulation problem incorporating these conditions
was a mathematical programming with equilibrium conditions problem. The theoretical framework of this

model was used with regards to a practical problem regarding the construction works on a university
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campus, specifically, at Tohoku University on Aobayama Campus.

In chapter 2, we explain university traffic conditions and its relevance to the traffic safety context.
Also, we summarize the traffic conditions on Tohoku University's Aobayama Campus and describe the
student commuter behavior during weekdays to the campus to attain lectures and other activities. Also, we
found that the most preferred way for students commuting to Aobayama Campus is the use of mopeds. On
their commute to the university campus, the students do it during the day, most frequently near the starting
time of classes. This phenomenon creates congestion among the day, therefore the presence of various
congestion peaks during the day. Construction phases imply a wide range of activities, such as the utilization
of heavy construction vehicles; and there is also the presence of bus transit vehicles. The mixture of mopeds
and heavy vehicles bears a potential traffic accident risk. In this setting we considered the potential use of
the time dimensional transportation demand management methodology for solving the safety problem at
Aobayama Campus.

In chapter 3, based on the literature review, the young and inexperienced moped driver who faces
an increase of heavy vehicle flow during moderate and heavy traffic hours and consequently an increase of
the probability of a fatal accident. In other words, this mixture of motor vehicle types can change both the
result and the occurrence in terms of fatalities and number of accidents. We showed that the young moped
driver, such as the student commuter lacks the experience of maneuvering in a complex situation such as
heavy traffic conditions with heavy vehicles. Therefore, the student commuter driver faces a latent accident
risk when when he uses a moped as his choice of travel for commuting to the university campus. Moreover,
the probability of a fatality is greater than the probability of an injury since the dissipation of energy is
mostly on the light vehicle and the moped does not provide sufficient protection to the driver. Traffic safety
science addresses the accident risk from its factors, like the vehicle, driver and geometric conditions. These
conditions are already reviewed and the proper laws involving them are enforced by the respective agencies
such as the Bureau of Transportation or the Police Enforcement Agencies. We also found that some accident
factors cannot be changed due to physical, spatial or geographical limitations. And, mixture of heavy traffic
conditions with heavy vehicles will not be a permanent problem. Consequently, the changes in a permanent
scale such as geometric or spatial changes cannot be justified, or in our case possible to attain. Young drivers
(between 18 and 24 years old) can obtain easily obtain the license for moped. Being a commuter with no
previous riding experience, the student faces the changes of heavy vehicle traffic during peak hours.
Completely separation of the vehicle flow is not possible given the geographic conditions of the road to

Aobayama Campus. Therefore, a solution based on time dimension transportation demand management fits
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the Aobayama Campus altered traffic situation.

In chapter 4, student commuters using a moped clearly reflect the preferred arrival times near the
starting times of classes, since they are less restricted by road capacity. Still, they also come across the
congestion problem at the parking lot in the most preferable time. Student commuters, therefore, may
decide their arrival time as the trade off between a convenient schedule and congestion trouble. We proposed
a model that describes the moped flow when there are specific target points in time. Early arrivals are
described in terms of disutility and equilibrium conditions. Road traffic data were collected and used to
validate these models. The proposed validation procedure suggests stability of the model when finding the
parameter estimates and a good reproduction performance. The validation assures that the model performs
well in similar context and can be used for forecasting or reproducing the moped flow. Also, the reproduction
of the early arrivals for the first class and particularly on Monday was reproduced and validated. However,
the parameters for all weekdays have been obtained and the same procedure will reproduce similar results.

In chapter 5, we proposed a time choice model that describes the bus usage considering congestion
cost, when aiming a specific target arrival time, in this case, the first morning class held at Aobayama
Campus. The statistical parameter fitting could determine the impact of the bus usage in terms of selecting
the bus according to the route and arrival time. The intra-day analysis conducted in this chapter helps to
understand commuting as an activity subject time and congestion. This factors influence the bus usage. We
obtained the model to predict congestion level of each bus by the congestion function when the most
preferred arrival time is given by weekday. In our analysis we presented the Monday curves and is feasible
to expand the results to other weekdays. From these results we can determine when the congestion starts
an also know the maximum congestion value by the end of the considered time line in our case the beginning
time of the first class held at campus.

In chapter 6, In this chapter we proposed a planning model using bus transit and heavy
construction vehicles as control variables. This model calculates the social cost composed of the bus transit
operation, the heavy construction vehicle operation, the accident risk and the students' disutility for either
commuting mode (bus transit or moped). Equilibrium conditions between modes and within modes were
incorporated and the model was solved. From this solution we could observe that the social cost will decrease
if the heavy construction vehicles can operate during early hours combined with a more concentrated bus
schedule around a convenient hour, which allows. The qualitative information gathered from an real
number solution is similar to the information from an integer solution. Therefore, the real number limitation

does not impose a drawback in the proposed model. Other scenarios were analyzed when the given
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parameters and constants are changed. These scenarios produced different results with regards to the first
obtained solution. When the bus operation cost constant was increased, the concentration of buses around
the most preferable peak started to flatten and this peak was shifted to a later time. Increasing the supply of
the bus transit result in a more constant use of bus transit vehicles. Meanwhile, the increase in the heavy
construction vehicle cost resulted in lengthening the usage of them, or in the case of the supply, shortens the
usage. Regarding the accident risk constant, the concentration of bus transit units around a convenient
arrival time varies whereas the avoidance of construction vehicles is more pronounced. Finally, the
sensitivity analysis gives the following insight: If proportion between the costs does not exist, then the
dominant price handles the cost. For example: If the bus operation cost is the high enough, the operator’s
usage is significant instead of the disutility or the accident risk cost. If the accident risk cost is the high
enough, both bus transit vehicles and construction heavy vehicles will operate only on early times. If all costs
are high enough, the cheapest solution will satisfy the model regardless of the constraints. In other words, if
there is no balance in the elements between the decision makers and the solution is focused in a single major
element, then our planning model cannot provide a satisfactory solution to all parties.

In chapter 7, we show that when both models are in modal equilibrium, we can obtain an insight
into the potential gain if time dimension transportation demand management was implemented. We
considered possible modifications to the schedules of the bus transit and construction vehicles as part of the
elements that composed of social cost. In the concurrent empirical analyses on bus use and mopeds flow to
Aobayama Campus, we determined several parameter values in the proposed models. In our formulation we
consider not only the cost regarding a new kind of operation for construction vehicles and the accident risk,
but also the disutility in using either kind of commute modes for transportation. The solution of the model
shows that the earlier operation of construction vehicles and a more strategic concentrated bus operation
provide a safer and more efficient traffic situation en route to the university campus. These study policies
can be designed in qualitative terms. The general model suggests that heavy construction vehicles should
realize their operations when the moped traffic is light in order to avoid a potential accident. Meanwhile, bus
transit service should be provided at a more comfortable time just before the start of moped arrivals.

We also point out that, although we consider the equilibrium conditions to reflect the behavior of the bus
user and the moped driver, we proposed some assumptions with regards to the general model. In this sense,
the primary aim of this study was realized but there is room for improvement. Our models regarding moped
disutility can incorporate a more realistic parking queuing system that manages the arrivals and departures

simultaneously as a system of equations or incorporate elements such as multiple parking lots and walking
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from the parking lot to the lecture building. The bus commuting time choice model be improved
incorporating the delays from congestion outside the vehicle. As for the general social cost model, the bus
transit cost and supply is subject to a more complex analysis in order to determine a better fitness of their
parameters and constants. The same applies to the heavy construction vehicle cost and supply. Meanwhile,
the accident cost can be estimated if the actual cost of an accident is known. But the type of accident,
magnitude and sequels vary too much to determine only one cost. We suggested handling the accident cost
in terms of best case and worst case scenarios.

We summarize that this analysis shows the importance and viability of the temporal management
for safer traffic conditions. The proposed model provides a good starting point for safer commuting using

time dimensional transportation demand management.
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