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Abstract

ABSTRACT

Recent years, with rapid economic and social development, metropolises in China are
confronting the contradictions between restrictions in road space resources and increasing demand
of motorization. According to the Downs Law, new road infrastructure construction will induce
new travel demand and the demand is always inclined to exceed the supply. From the experiences
of developed countries, it is important to shift from simply enhancing supply to paying equal
attention to the supply and demand management. Common sense has been reached that great
efforts should be made to develop public transportation, the integrated multi-modal transportation
system and suitable Travel Demand Management (TDM) to construct sustainable urban
transportation system in China. Beijing, Shanghai, Guangzhou, Shenzhen and other metropolis in
China have been conscious of the importance of TDM and already made relative researches as
well as conducting some trials. The reason for hesitant implementation of TDM policies is that
governments can’t forecast the effect of TDM policies accurately. Therefore, an effective measure
to evaluate the effects of TDM policies is urgently needed to support policy decision. This paper is
intended to evaluate the effects of TDM policies quantitatively through establishing Multi-class
Multi-criteria Multi-modal Combined Model based on transportation network equilibrium theory
and applying to large scale multi-modal urban transportation system. It can establish a scientific
support system for transportation policy decision makers.

Various measures of TDM, their effects mechanism, domestic and foreign application cases
and their evaluation methods are summarized. Taking congestion charges as example, this paper
analyzes the complexity of quantifying the effects of TDM policy theoretically and practically and
then points out that the critical point of evaluating TDM policy is to analyze the influences of
combination of various policies on heterogeneous users. Combined with features of travel demand
models, it puts forward three key issues in evaluating TDM policy: multi-criteria travel behaviors
concerning time, cost and other kinds of factor; heterogeneous users with different Value of Time
(VOT), trip purpose and other attributes; multi-modal transportation system in which correlation
and transfer among different modes should also be taken into consideration.

The change of travel behavior by TDM policies can be analyzed more precisely by
considering multi-class travelers with heterogeneous VOT. On the basis of existing researches on
VOT, this paper uses Mixed Logit model with SP (Stated Preference) surveys data to estimate
distribution of VOT. Comparing the parameter estimation of SP/RP (Revealed Preference)
combined data with Mixed Logit model and Nested Logit model, it researches on the VOT
differences of users by different modes. Furthermore, Willingness to Pay surveys in Huizhou has
verified the lognormal distribution assumption of VOT.

Multi-class multi-criteria symmetric traffic assignment models describe the different route
choice of the travelers with heterogeneous VOT. Combining different kinds of congestion charge
policies with continuous VOT distribution and discrete VOT distribution, the character, model
formulation, uniqueness solution, the parameters of link delay function and algorithm of these
models are studied. Multi-modal asymmetric traffic assignment models can reflect the different
level of service under different congestion state. It focuses on the uniqueness of solution of models
and its relations with forms and parameters of link delay function. Multi-modal traffic flow is
simulated by VISSIM and the parameters of link delay function are calibrated. Moreover, the
uniqueness solution of multi-class multi-modal mixed traffic assignment model is also discussed.

The interactions among the different modes in multi-modal transportation system are not only
the route choice but also mode, destination and production choice. It is important to establish a
combined model with consistent travel behavior that can reflect the complex interactions and the
TDM policies better. Various combined travel demand models towards consistency are studied in
terms of model formulation, their features, algorithm and application in transportation policy
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evaluation and the frontiers application of combined models around the world. According to their
separable and non-separable link delay functions, Multi-class Multi-criteria Multi-modal
Combined Models with programmable processes are formulated by convex mathematical
programming and variational inequality. They combine the individual travel behaviors and general
equilibrium theory which are competent for TDM policy evaluation. Equivalence demonstration of
model’s travel behavior and three algorithms, i.e. Generalized Partial Linearization (GPL), Method
of Successive Averages (MSA) and Constant Weight (C-W) are put forward. Qualitative and
quantitative analysis with simple calculation example are given to analyze the benefit allocation
among heterogeneous travelers under the implementation of TDM policies.

Furthermore, the model is applied in large scale comprehensive transportation network. The
data structure and the shortest path algorithm of multi-modal network are optimized and the
unrealistic paths ignored by existing commercial transportation planning software are also tackled
effectively. On the basis of transfer station and path choice of combined modes, taking fares of bus,
rail and taxi as model’s variables, the non-separable Multi-class Multi-criteria Multi-modal
Combined Model is tested in mini-Santiago network, large scale multi-modal network in Huizhou
and Shenzhen. The convergence and results of GPL, MSA and C-W algorithms are compared.
Solution of car flow with different VOT is not stable but total car flow is stable which is consistent
with theory. The results are quite different under different travelers’ classification, which supports
the importance of travelers’ heterogeneity consideration.

16 pure and combined TDM measures such as cordon based congestion charge, bridge’s
charge, parking charge, Park and Ride, fuel pricing, public transportation (rail and bus) fares
decrease, bus exclusive lanes construction, transfer time decreased and truck regulation, are tested
quantitatively in Huizhou’s comprehensive transportation network. It focuses on the sensitivity of
public transport fares, the competition between taxi and urban rail transit, the effect of bus
exclusive lanes, the different effects of cordon based congestion charge and parking charge as well
as the demand of Park and Ride under the different parking charge. Vehicle emissions, modal shift
and traffic spatial shift under the combined policies are also studied in detail. Many points are
valuable for transportation decision makers. (1)Although bus fare decrease encourages people to
use pure bus mode, passengers taking the combined mode with rail may be decreased because of
the bus in-vehicle congestion. Combined measures such as decreasing the fare of bus and rail
simultaneously and increasing bus frequency, will lead to modal share shift more effectively. Rail
fare decrease will result in less use of pure taxi and private cars. But the combined mode between
taxi and private car to rail maybe increase if the rail network has no scale effect. (2)Bus exclusive
lanes will increase the passenger flow density on them. Meanwhile cars will change their route to
save time, thus decreasing the service of common buses. Consequently, the total modal share of
bus can’t increase obviously. So it is important to plan certain scale of bus exclusive lane network.
(3)Cordon based congestion charge mainly affects the through traffic and arrival traffic from
non-charging area to charging area. Parking charge mainly influences the whole the charging
area’s arrival traffic. The effect of route and modal change of private car users depends on the
range of charging area and the spatial distribution of travel demand. In the tested case, congestion
charge takes more effect on big volume through traffic and has restrained the car users more
effectively than parking charge in the whole city, but it has reverse result in parking charge area. (4)
Whether P+R mode works well rests on many factors like parking fare, rail fare, transfer time and
the congestion of center area. Using push and pull--combined policies will be more effective.

Key W ords: Travel Demand Management Policy Evaluation, Transportation Network
Equilibrium, Urban Comprehensive Transportation Network, Multi-Class Multi-Criteria
Multi-Modal Combined Model, Heterogeneous Value of Time, Mixed Logit/Random Coefficient
Logit(RCL)/Random Parameters Logit(RPL), RP/SP Combined Data
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