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Abstract

  This article analyzed and compared the effectiveness of congestion pricing schemes especially on the route choice behavior on road network. Route choice behavior models for time base, distance base and area wide congestion pricing scheme were developed. The stated preference data was achieved to estimate the value of time for motorists. The hypothetical algorithms were developed in order to conduct the simulation on congested imaginary road network. The results explored the effectiveness and characteristics of congestion pricing schemes.       
Keywords: congestion pricing; modeling route choice behavior; value of time; simulation  
1. Introduction

   Traffic congestion is a serious problem and it has been discussed universally, but rarely improved through public policies. Although many transport planning engineers have implemented many effective schemes and developed a lot of better roads, congestion is still a serious problem in many towns and cities during morning and evening peak periods. Nowadays, congestion pricing is the most popular method to relief the traffic congestion problem of the cities all over the world. A congestion pricing or road user charge has the feature of pinpointed to tackle specific congestion hotspots in different areas at different times of day. Implementing congestion pricing scheme should only be started after several analyses are done. Among them, finding the most appropriate and effective congestion pricing scheme for any congested area is one of the important factor to analyze before the scheme is implemented. Gomez-Ibanez and Small (1994) determined the seven basis forms of congestion pricing; point pricing, cordon pricing, zone pricing, parking charges, charge for distance traveled, charge for time spent in the area and charge for both time spent and distance traveled in the area. This paper was deal with time base scheme (TBS), distance base scheme (DBS) and area wide scheme (AWS). 
2. Objectives 

   Different congestion pricing schemes have been introduced to several countries around the world by their governments as early as two or three decade ago. Nowadays, transport professionals have enough experience about congestion pricing. After congestion pricing is successfully implemented in one city, that city will have a lot of impact by that. Generally, traffics distribution pattern, prices of goods and services, land used pattern, income, employment, taxation and consumption by area will change. The basic feature of congestion pricing is to reduce the congestion problem, many transport professionals have done a lot of analyses about the distributional impact of traffics by congestion pricing to the cities. Santos, G. and Rojey, L. 2002, evaluated the distributional impact of road pricing by using the simulation method and analyzed on the cordon tolls. Beamon, B.M. and Griffin, P.M. (1999) used the simulation-based methods and they analyzed on Cordon Scheme and a Per-Mile Area Link Charging Scheme for congestion and emission. This paper was emphasized from different point of view for route choice behavior under different congestion pricing scheme at the same road network. It is very interesting to predict the behavior of motorists if one of the congested areas likes CBD in any town or city is going to introduce the congestion pricing scheme.
   Congestion pricing can change the travel patterns in the city because people obey their pocketbooks. Faced with prices proportional to the harms from driving, motorists will reduce those harms to save money. Smog fees will encourage drivers to drive less, purchase newer (cleaner) vehicles, keep vehicles tuned and buy electric car. Congestion pricing will lead motorists to take transit, bike, walk, telecommute, car pool and make trips and deliveries off-peak. Weight-distance charges will push motorists and businesses toward lighter vehicles and less-frequent use.
   Litman, T. form Victoria Transport Policy Institute said that after the congestion pricing program was introduced in center London, the automobile traffics declined about 20% (a reduction of about 20,000 vehicles per day) in a period of first few months. It is because 10% of automobile mode was shared, most people who change their travel patterns due to the charge transfer to public transport, particularly bus. Some motorists who would otherwise drive through Central London during peak periods shift their route, travel time or destination. Others shift mode to taxis, motorcycles, pedal cycles, or to walking.
   In Southern California, Michael Cameron of the Environmental Defense Fund found from his estimates that a 5¢/mile surcharge on driving would eliminate about 10% of the region's vehicle-miles traveled and vehicular smog, and 30% of congestion, Imagine the effect here from full-scale roadway pricing.
   Based on the literatures, the effectiveness of congestion pricing can be defined broadly. The effectiveness of congestion pricing is different from different kinds of schemes. In this paper the effectiveness of congestion pricing means by reduction of congestion.  
   The objectives of this paper are - to distinguish the effectiveness of　congestion pricing schemes upon the reduction of traffic congestion and to distinguish characteristics congestion pricing schemes. Especially, this study was deal with the motorists whose make their commuting trip between their origin and destination with only by their automobile.  For the purpose of this paper, the author reviewed several literatures and defined the travel patterns for car user under the congestion pricing scheme. Figure 1 shows all possible travel patterns for car user under any congestion pricing scheme.
3. Hypotheses
   Basic on briefly reviewing the findings, the generalize cost for the motorist who made a trip inside the congestion pricing zone could generally said like the following equation;

GC = CPFare + VOT ( TT



where,

GC = Generalize Cost, CPFare = Congestion Pricing Fair, VOT = motorist Value of Time, TT = Travel Time
   The hypothesis of this study is, if one congested area in road network is introduced the congestion pricing scheme, the behavior of drivers will change base on the characteristics of the scheme. Since this study is emphasized on the three congestion pricing schemes, there are three hypotheses can be defined. 
Hypothesis 1; When time base congestion pricing scheme ‘TBS’ is introduced, motorists will try to reduce their general cost by reducing the travel time. 
Hypothesis 2; When distance base congestion pricing scheme ‘DBS’ is introduced, motorists will try to reduce their general cost by reducing the travel distance.
Hypothesis 3; When area wide congestion pricing scheme ‘AWS’ is introduced, motorists will try to reduce their general cost by changing to charge-free route.   
3.1 Difference of Hypotheses 1 and 2
    For the given hypotheses, there is close relationship between hypothesis 1 and 2 because time and distance are monotonically related with the speed. So, we need to make sure what motivations separate those hypotheses.
    Assume that there are two routes (Route A, Route B) between origin O - which is outside of congestion pricing zone and destination D - which is inside of congestion pricing zone (CPZ) and they have the same total travel distance. But, the distance from the entering point of CPZ to destination D for Route A has X km and Route B has (X + distance () km. Travel time from entering point of CPZ to destination D for Route A has Y minute and Route B has (Y -  time () minutes.
    In short, Route A has shorter travel distance with higher travel time inside of CPZ and Route B has longer travel distance with lower travel time inside of CPZ.

    The difference between hypotheses 1 and 2 is, motorists will choose Route B under hypothesis 1 even the distance from entering point to destination D has longer than Route A. But for the hypothesis 2 the motorists will choose Route A even the travel time is higher than Route B. 

4. The Algorithms

    Simulation of transportation systems is strong and it is growing interest in transportation field. It is one of the useful methods to predict or estimate wider transportation systems. In this study, the hypothetical base algorithms were developed for tiss-NET microscopic simulator to predict the characteristics and effectiveness of congestion pricing schemes. 
   As all possible travel behaviors for car user under congestion pricing are needed to be defined for the development of algorithms, four types of travel behaviors for car user can be defined in this study. Two travel behaviors from the origin, outside of congestion pricing zone, to the destination, inside of CPZ and then outside of congestion pricing zone, and another two travel behaviors from the origin, inside of congestion pricing zone, to the destination, inside and outside of congestion pricing zone. Figure 2 provide to understand the explanation of the algorithms.
4.1   Algorithms for TBS 
    When the ‘hypothesis 1’ connected with travel behaviors under congestion pricing, the algorithms for TBS can be defined by following equations;

The algorithm to find the less generalize cost for the trip from the origin ‘O’ (outside of CPZ) to destination ‘D1’ inside of CPZ is,
GC = ((Tt ocpz × VOT) + (Tt icpz (VOT + CPfare))         
The algorithm to find the less generalize cost for the trip from the origin ‘O’ (outside of CPZ) to destination ‘D2’ outside of CPZ is,
GC = (Tt ocpz × VOT)         
The algorithm to find the less generalize cost for the trip from inside of CPZ to inside of CZP is,
GC = (Tt icpz × (VOT + CPfare)         
Where,
GC = general cost,     VOT = value of time,    CPfare = congestion pricing fare,
Tt ocpz, Tt icpz = travel time for outside / inside of congestion pricing zone
4.2   Algorithms for DBS 
    For the ‘DBS’, the algorithms are almost the same with ‘TBS’ algorithms, but in ‘DBS’ the function for distance is included in the algorithms. If it is so, the algorithms for ‘DBS’ can be defined by following equations;

The algorithm to find the less generalize cost for the trip from the origin ‘O’ (outside of CPZ) to destination ‘D1’ inside of CPZ is,
GC = ((Tt ocpz +Tt icpz × VOT) + (Td icpz × CPfare))
The algorithm to find the less generalize cost for the trip from the origin ‘O’ (outside of CPZ) to destination ‘D2’ outside of CPZ is,
GC = (Tt ocpz × VOT)    
The algorithm to find the less generalize cost for the trip from inside of CPZ to inside of CZP is,
GC = ( (Tt icpz × VOT) + (Td icpz × CPfare) )         
Where,
GC = general cost,     VOT = value of time,    CPfare = congestion pricing fare,
Tt ocpz, Tt icpz = travel time for outside / inside of congestion pricing zone,
Td icpz = travel distance for inside of congestion pricing zone,
4.3   Algorithms for AWS 
   According to the characteristics of area wide scheme, motorists can only
adjust their generalize cost from the value of time for making the trip. The algorithms to find the less generalize cost for making trips between origins and destinations can be define as follows;

The general cost for the trip from origin outside of CPZ to the destination, inside CPZ and origin, inside of CPZ, to the destination outside of CPZ;
GC = ( ((Tt ocpz +Tt icpz) × VOT) + CPfare)         
For origin outside of CPZ to destination outside CPZ
GC = (Tt ocpz × VOT)         
For origin inside of CPZ to destination inside CPZ
GC = ( (Tt icpz × VOT) + CPfare) )      
Where,
GC = general cost,     VOT = value of time,    CPfare = congestion pricing fare,
Tt ocpz, Tt icpz = travel time for outside / inside of congestion pricing zone,
Td icpz = travel distance for inside of congestion pricing zone,
   Figure 2 shows only the travel behavior from the origin outside of CPZ to the destination inside and outside of CPZ, because this study was only emphasized only for the motorists or commuters whose have an origin outside of CPZ and destination inside and the other outside of CPZ. Route ‘1’ from all the figures has almost inside of CPZ and generally it’s seemed to be most expensive route then other. But, in the case of travel time for route ‘2’ & ‘3’ is too much longer than route ‘1’, then route ‘1’ could become cheaper. So, motorists can also adjust their general cost from their VOT and we can say VOT is also influence on the route choice behavior.
    To find the general cost within the trip between OD pairs, we need to determine the functions which are inside the algorithms. These are travel time, travel distance, congestion pricing fare and the value of time. Since this research is analyzed on the imaginary network, we can determine the three functions (travel time, travel distance and fare) except value of time, because the value of time is mostly based on the judgment of user. It can be estimated by developing the model.   
5.   Modeling 
   As the author mentioned in previous part, hypothetical route choice behavior models are essential to develop for estimate the VOT of motorists. Binary logit model was used to estimate the VOT. For time base and distance base scheme, two route choice behavior models for destination inside and outside of CPZ were developed. But for area wide scheme, route choice behavior to destination inside of CPZ is not influence because of its characteristic. Due to the fact, developing the model for destination inside of CPZ has been avoided and only the model for route choice behavior of destination outside of CPZ was developed. Total of five models were developed to estimate the VOT. Description for the developed route choice binary logit models was described by the Figure 3 and Table 1.   
5.1.   Questionnaires Survey
    The survey is a non-experimental, descriptive research method. Surveys can 

be useful when a researcher wants to collect data on phenomena that cannot be directly observed. 
    To get the data from respondents, SP questionnaires were distributed to the employees of Nippon paint Company, which is one of the famous companies in Japan and because of the fact that there is plenty of automobile users for their morning commuting trip in that company. SP questionnaires were also distributed among the Saitama University to reach the sufficient level of sample. SP choice tasks were given as a tabular form with hypothesis choice pictures to provide respondents with the clear information that is close to the actual situation in the survey. 

In order to reduce the bias of repeated measurement, only five hypothetical route choice questions were given to each respondent.
       Discrete choice modeling relies on the estimation of a response between the probability of a choice being made and the relative levels of the alternative chosen.  The model is driven by differing attribute levels in the alternatives available to respondents in the choice sets giving rise to differing probabilities of alternatives being chosen. Generic attributes and combination levels for each model are as shown in Table 2, 3 and 4.
    With multiple attributes and each attribute varying across multiple levels, it is apparent that for a model to be able to separate out the effects on choice of individual attributes, a large number of choices between alternatives, which incorporate a large number of different combinations of attribute levels will need to be observed.  To identify completely the relationship, all the possible combinations of attribute levels should be presented to respondents.  However, the size of the full factorial grows rapidly to the extent that the total number of choice sets required to present them all to respondents soon exceeds the ability of respondents to cope (Bennett, J.W. 1999).
   Fractional factorial designs permit a reduction in the number of options at the cost of being unable to recover one or more interaction effects.  Therefore, fractional factorial design method was used in this research and 248 numbers of questionnaires were distributed to the respondents. Respondent rate is 60% and 153 samples could collect from the respondents. 138 samples were remaining after removing the unusable (or) uncompleted data from the whole sample.   
5.2.   Estimation Results   
   The validity of the model estimated can be assessed using the number of methodologies. In this research, binary logit was achieved to estimate the VOT. 
VOT can change with a decreasing, increasing or constant function with travel time. The formulation of estimation VOT is shown by the following equations.
Vin     = ( + β1tin + β2cin   ---------   binary logit equation

[image: image2.bmp]         

   Where, β1 and β2 are the parameters which are estimated from the above mentioned five models. The variables are travel time ( tin ) and travel cost (cin ). The VOT could be calculated by using following formula for this study. 

   Table 5 summarizes the results of the models estimation. All coefficient estimates have the expected sign.  A negative sign implies a decrease in diversion propensity with a decreasing value of the variables. All attributes have t-statistics greater than 1.96 (95% confidence).
    The average value of time from model number 1 and 2 were used for time base congestion pricing scheme algorithm, for distance base congestion pricing algorithm, the average VOT from model number 3 and 4 were used and the VOT from model number 5 was used for area wide congestion pricing algorithm. 

6.   Simulation and its Results
  The analysis focuses to compare the effectiveness of congestion pricing in reallocating traffics to relief the congestion problem, characteristics of the schemes and the efficiency issue of congestion pricing. The major issue of the effectiveness of route choice behavior under individual congestion pricing scheme has been investigated. Consideration of simulation forecasting module was started after the development of algorithms and the estimation of VOT. Analysis with the simulation method had achieved the opportunity to compare the characteristics of congestion pricing schemes. Comparison between the condition of traffics in the imaginary network with congestion pricing scheme and without congestion pricing showed the evidence characteristic of individual congestion pricing scheme.
6.1   Imaginary Network
    Due to the fact of difficulties to introduce congestion pricing schemes to public and there is no appropriate project for this study in Japan, imaginary network was used for this study. The imaginary network which had developed for this study has following basic principle; 
(i) 
Cover all travel behaviors for hypothetical model  
(ii)
The level of distance and travel time was adjusted with the hypothetical model 

(iii) 
Comfortable for tiss-Net simulation process and 
(iv) 
Convenience to analyze the result data 
The network has four route choices for target origin and destination, which can be seen in the Figure 4. The targeted origin is outside of CPZ and destinations are outside and inside of CPZ. Setting the other OD values in the network intended to generate the traffic congestion inside the network. There are four different characteristics for the routes inside the imaginary network. Its means; route (1) – Which has the shortest distance between target OD and it is CP route. It is mean that the whole route is inside the CPZ, route (2) – Which has farther travel distance between target OD than route 1 and a part of the route which is inside of CPZ has the same distance with route 1 and the rest of the part is outside of CPZ, route (3) – Which has also father travel distance between target OD than route 1 and a part of the route which is inside of CPZ has shorter than route 1 and route (4) – which has the farthest travel distance route between target OD and it is free of congestion pricing charge for destination outside of CPZ and cheapest congestion pricing charge for time base and distance base congestion pricing schemes.
6.2   Process of Simulation with tiss-NET 
    Simulation was conducted for 4800 seconds (1 hour 20 minutes time). But we don’t take the results of first 15 minutes and the last 5 minutes of simulation time to get high accuracy results from the simulation.
   Due to the facts of using the imaginary network to compare the two conditions (with and without scheme) inside of the imaginary network, firstly we need to conduct the simulation by using tiss-NET original algorithm and adjust to get the original traffics condition by using trial-and-error method. After recognizing the original traffic condition for the imaginary network, simulation was again taken by using developed algorithms to get the traffic condition under congestion pricing schemes.  Traffics condition between with and without congestion pricing schemes were compared and evaluated the characteristics of route choice behavior. Figure 5 describe the process of analysis by simulation method. Here, the authors would like to introduce about the tiss-NET (traffic impact study system for road NETwork) car-by-car microscopic simulator. It is an event-type Monte Carlo simulation, which traffic flow is simulated the movement of car-by-car, thus it has a power to deal with giving individual characteristics to the each vehicle and storing the movement of individual vehicles.
    tiss-NET represents road networks of district area with nodes, links, and lanes, as dividing the entire street length by compartment with 5 meters length.  In order to make vehicles to move, the event schedule for generating vehicles is set by initializing “section network” and “section time”.  And then, the shortest paths of each Origin-Destination pair are calculated in a way of user-equilibrium, which are updated iteratively in each phase time. In this study, the simulation for congestion pricing schemes has used the developed algorithms and calculation to find the cheapest cost route for each Origin-Destination pair.
6.3   Interacting of Cost Function In Simulation

   The algorithms to conduct the simulation for congestion pricing scheme includes cost functions, VOT (value of time) and CPfare (congestion pricing fare). Cost function VOT is taken from the model estimated result and it is constant. But CPfare is needed to adjust the level because when the level of CPfare is set to very high level in tiss-NET algorithms, then general cost for the routes which are inside of CPZ are become very expensive than the routes which are not in the CPZ. In that kind of situation, the routes which are outside of CPZ will become stuck with traffic while simulation is being conducted, because generalize cost of those routes are cheaper than the routes which are inside of CPZ. The algorithms made driver to choice lower cost routes in the simulation. Also for the result for very low level of CPfare may not make apparently different with the result of without congestion pricing. To avoid those kinds of bias, three applicable levels of CPfare were elected for schemes.  
6.4   The Results

   When the simulation result of original traffic condition in the network has reached to acceptable situation, it is ready to test the congestion　pricing schemes. Its means that the condition of the route 1 is congested with traffic and the others routes are not. When simulation is conducted for the congestion pricing scheme, the whole part of route 1 is converted to the CPZ route. So, we may clearly see the route choice behaviors under the congestion pricing, because route 1 has been congested. The simulation results for average travel time and distribution of traffics between targeted OD have been shown in Table 6 and 7. The results show that the average travel time for route 1 under congestion pricing schemes are always less than the average travel time under congestion pricing. It can be said that when any congestion pricing scheme is introduce, the travel time for the routes which are inside of CPZ can be reduced. Reversely, the average travel time for route 4 under time base and distance base is become increase. This is because the route choice behavior becomes influence and the distribution of traffics has been changed base on the generalize cost of the routes. Base on those kinds of situation, we can say that the effectiveness of time base and distance base congestion pricing on decreasing traffic congestion can have impact on outer routes from CPZ. Base on the simulation result, the effectiveness of individual congestion pricing scheme on route choice behavior can be summarized as follows.

6.4.1   Effectiveness of Time Base Scheme 
   Under the time base congestion pricing scheme, the travel times for route 2, 3 and 4 do not have much different between each other. This is because of the following facts; - distances between the targets OD for those routes are not different adequately, - the algorithm adjusted the generalize cost of the routes which is based on travel time. The result of decreasing average travel time of route 1 and the average travel time of route 2, 3 and 4 are become equalize under every level of charge, we can say that the effectiveness of time base scheme can be reallocate the traffic to outside of CPZ routes initially and than equalize the average travel time of the routes which are inside and outside of CPZ.  That result can be expect that generalize cost for all routes can be same, but travel time for outer CPZ routes can increase and travel time for inner CPZ routes can decrease when the scheme was introduced. On the other word, we can say that the sensitivity of drivers’ route choice behavior increase under Wardrop principle. This is because, algorithm for simulation of without congestion pricing do not consist the monetary cost function, but the algorithm for time base scheme consist the monetary cost function. The monetary cost function in algorithm has created or resolved inefficiencies in the system.
6.4.2   Effectiveness of Distance Base Scheme 
   For the distance base congestion pricing scheme, the travel time of route 1 is decreased and route 4 is increased by increasing the level of charge. This is because the whole part of the route 1 is inside of CPZ and increasing the charge rate has direct effect on generalize cost for the route 1 and it becomes expensive. So, most of the traffic switched to the route 4 which has short travel distance at inside of CPZ or less generalize cost than route 1. Distribution of the traffics from simulation result in Table 7 also shows that when the charge rate becomes highest, no traffic for destination outside of CPZ has used route 1 to reach their destination and all traffics has switched to route 4 and then route 4 will have heavily congested condition and longer travel time. Because of there is no several route choices in tested imaginary network, almost all the traffics from route 1 were switched to route 4 to reduce their generalize cost. So, route 4 becomes heavily congested with traffic. Base on those kinds of results, the effectiveness of distance base scheme on route choice behavior can be say that the scheme cannot be effective if there are no several route choices within and surrounding of CPZ. And it is also for the distribution of traffics can become inconvenient. It is clear to say that the distance base congestion pricing should not introduce if the congested area has no several routes choices. But if there are several route choices, we can adjust the distribution of traffic under distance base scheme by adjusting the distance of CPZ routes based on OD values. 
6.4.3   Effectiveness of Area Wide Scheme 

   In the fact of travel time for all the routes under area wide scheme are less than the travel time under without congestion pricing scheme can proof that the area wide scheme is more effective to relief the congestion problem. Distribution of the traffics under area wide scheme can also proof that; - the traffics for the destination outside of CPZ were switched to charge free route, it is route 4 away from route 1 which has not free of charge and the traffics for the destination inside of CPZ were only used the route 1, its means that route choice behavior was not influenced for the destination inside of CPZ. By checking the number of traffic reached to the destination in one hour simulation time was also proved that the more traffic could used the routes within the simulation time.
7.   Conclusion and Discussion
   Implementing the congestion pricing scheme to tackle the congestion problem is latest technique and it has high accuracy to combat the congestion problem. Probably, the most important thing to do before the process of implementation is to find the suitable scheme for the area. Regarding to that mentioned fact this research was done to explore the effectiveness and characteristics of congestion pricing schemes.

   Simulation method is the best option to predict and compare the effectiveness of congestion pricing schemes. According to the prediction of congestion pricing schemes by simulation, the hypothetical algorithms were developed and it was achieved to simulate the congestion pricing scheme. Route choice behavior model was developed to estimate value of time (VOT) which is included in developed algorithms.
   Route choice behavior models under congestion pricing schemes were extracted from discrete choice analysis. Those models were used to estimate the value of time for respondents who response on congestion pricing facilities. The data for estimation of the models were derived from the Stated Preference (SP) experiment. From those empirical models, the value of time was estimated for the algorithms in tiss-NET simulator.  
   The forecasting module was developed by tiss-NET simulation-based prediction method. To explore the effectiveness and the characteristics of congestion pricing schemes, the imaginary network with congested traffic condition was implemented by using Geoconcept software and tiss-NET simulator. To generate and evaluate the congestion pricing schemes, simulation for three different congestion pricing was conducted by using related algorithm for individual congestion pricing scheme. Simulation for congestion pricing schemes accomplished to evaluate the effect and impact of congestion pricing schemes on tested imaginary network.
   From the simulation, we can get several kinds of results by analyzing with different approaches. For examples; we can analysis for fuel consumption, noise level, vehicle speed, emission, revenue from the scheme and so on. Several results had been showed in this research by the author. Especially those results were related to the objectives of the research. Amongst those results, the author would like to summarize the valuable results from the analysis. According to this research was predicted for the congestion pricing schemes which are not yet introduce to any congested zone, the most important and valuable result is to know the characteristics and effectiveness of the schemes.
   Base on the results from the analysis, the most important results for the effectiveness of congestion pricing schemes on route choice behavior can be compared and summarized as follows: - time base congestion pricing scheme with appropriate level of cost can equalize the travel time of the routes which are inside of CPZ – distance base congestion pricing should not be implemented in the area which has no several routes choices – area wide congestion pricing scheme can transfer the traffics which does not have their destination inside of CPZ  and it is more appropriate scheme to tackle the congestion problem. Also we can conclude that, all congestion pricing schemes can reduce the congestion problem, but the effect and the impact on the road network are different - cost function is the one important factor for all congestion pricing schemes.
   This research contributed the idea of analysis on congestion pricing with simulation method. The further study can use the actual data with real congested road network. Travel behavior under congestion pricing for this research is only concentrated on commuting trip purpose from origin outside of congestion pricing zone to destination inside and outside of congestion pricing zone. For the further study can include the behavior for origin inside of congestion pricing zone to destination inside and outside of congestion pricing zone. Respondent on congestion pricing facilities by individual person should be taken into count to increase the accuracy of the effect and impact on the network by the congestion pricing schemes.   
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Table 1: Route Choice Behavior Models

	
	
	β1
	β2
	β3
	Β4

	For ‘TBS’
	Route 1, V1n
	1
	Total Travel Time for R 1 (min)
	Cost ¥ 
	

	
	Route 2, V2n
	0
	Total Travel Time for R 2 (min)
	Cost ¥
	

	For ‘DBS’
	Route 1, V1n
	1
	Travel Time for 

R 1 (min)
	Travel Distance for 
R 1 (km) 
	Cost ¥ 

	
	Route 2, V2n
	0
	Travel Time for 

R 2 (min)
	Travel Distance for
 R 2 (km) 
	Cost ¥ 

	For ‘AWS’
	Route 1, V1n
	1
	Travel Time for 

R 1 (min)
	Cost ¥ 
	

	
	Route 2, V2n
	0
	Travel Time for 

R 2 (min)
	Cost ¥ 
	


Table 2: Generic Attributes and Combination Levels for Time Base Scheme
	
	PATTERN
	Charge Rate
(¥/min)
	ROUTE 1
	ROUTE 2

	
	
	
	Total Travel Time（min）
	Travel Time Inside Of CPZ
（min）
	Cost
（¥）
	Total Travel Time
（min）
	Travel Time Inside Of CPZ
（min）
	Cost
（¥）

	DESTINATION 0UTSIDE OF CPZ
	1A
	5
	20
	20
	100
	30
	0
	0

	
	1B
	
	
	
	
	40
	0
	0

	
	1C
	
	30
	30
	150
	60
	0
	0

	
	1D
	10
	20
	20
	200
	30
	0
	0

	
	1E
	
	
	
	
	40
	0
	0

	
	1F
	
	30
	30
	300
	60
	0
	0

	
	1G
	20
	20
	20
	400
	30
	0
	0

	
	1H
	
	
	
	
	40
	0
	0

	
	1I
	
	30
	30
	600
	60
	0
	0

	DESTINATION INSIDE OF CPZ
	2A
	5
	20
	20
	100
	30
	5
	25

	
	2B
	
	
	
	
	40
	5
	25

	
	2C
	
	30
	30
	150
	60
	10
	50

	
	2D
	10
	20
	20
	200
	30
	5
	50

	
	2E
	
	
	
	
	40
	5
	50

	
	2F
	
	30
	30
	300
	60
	10
	100

	
	2G
	20
	20
	20
	400
	30
	5
	100

	
	2H
	
	
	
	
	40
	5
	100

	
	2I
	
	30
	30
	600
	60
	10
	200


Table 3: Generic Attribute and Combination Levels for Distance Base Scheme
	
	PATTERN
	Charge Rate
（¥／Km）
	ROUTE 1
	ROUTE 2

	
	
	
	Total Travel Time
（min）
	Total Travel Distance
（㎞）
	Travel Distance inside of CPZ (Km)
	Cost
（¥）
	Total Travel Time
（min）
	Total Travel Distance
（㎞）
	Travel Distance Inside of CPZ
（㎞）
	Cost
（¥）

	DESTINATION OUTSIDE OF CPZ
	3A
	50
	20
	3
	3
	150
	30
	5
	0
	0

	
	3B
	
	
	
	
	
	40
	5
	0
	0

	
	3C
	
	30
	3
	3
	
	60
	5
	0
	0

	
	3D
	100
	20
	3
	3
	300
	30
	5
	0
	0

	
	3E
	
	
	
	
	
	40
	5
	0
	0

	
	3F
	
	30
	3
	3
	
	60
	5
	0
	0

	
	3G
	200
	20
	3
	3
	600
	30
	5
	0
	0

	
	3H
	
	
	
	
	
	40
	5
	0
	0

	
	3I
	
	30
	3
	3
	
	60
	5
	0
	0

	DESTINATION INSIDE OF CPZ
	4A
	50
	20
	3
	3
	150
	30
	5
	1
	50

	
	4B
	
	
	
	
	
	40
	5
	1
	50

	
	4C
	
	30
	3
	3
	
	60
	5
	1
	50

	
	4D
	100
	20
	3
	3
	300
	30
	5
	1
	100

	
	4E
	
	
	
	
	
	40
	5
	1
	100

	
	4F
	
	30
	3
	3
	
	60
	5
	1
	100

	
	4G
	200
	20
	3
	3
	600
	30
	5
	1
	200

	
	4H
	
	
	
	
	
	40
	5
	1
	200

	
	4I
	
	30
	3
	3
	
	60
	5
	1
	200


Table 4: Generic Attribute and Combination Levels for Area Wide Scheme 
	
	PATTERN
	Level of Charge
	ROUTE 1
	ROUTE 2

	
	
	
	Total Travel Time
（min）
	Travel Time Inside Of CPZ
（min）
	Cost（¥）
	Total Travel Time
（min）
	Travel Time Inside Of CPZ
（min）
	Cost          

（¥）

	DESTINATION OUTSIDE OF CPZ
	5A
	100
	20
	20
	100
	30
	0
	0

	
	5B
	
	
	
	
	40
	0
	0

	
	5C
	
	30
	30
	
	60
	0
	0

	
	5D
	300
	20
	20
	300
	30
	0
	0

	
	5E
	
	
	
	
	40
	0
	0

	
	5F
	
	30
	30
	
	60
	0
	0

	
	5G
	600
	20
	20
	600
	30
	0
	0

	
	5H
	
	
	
	
	40
	0
	0

	
	5I
	
	30
	30
	
	60
	0
	0


Table 5: Models Estimation Results
	
	Variable number
	Variable name
	Coefficient estimate
	Standard error
	t statistic

	PATTERN ‘1’
	1
	Total Travel Time ( TT )
	-.064944
	.023948
	-2.71191

	
	2
	Cost
	-.00323885
	.00129263
	-2.50563

	
	Summary statistics

Number of observations

= 138


Schwarz B.I.C. = 91.8391

Scaled R-squared 

= .084715

Log likelihood = -84.4482

LR (zero slopes) 
= 11.8121 [.003]

Number of Choices 
= 276
LRI (likelihood ratio index, rho-squared)
= 0.065365

	PATTERN ‘2’
	1
	Total Travel Time ( TT )
	-.082919
	.025553
	-3.24500

	
	2
	Cost
	-.00723077
	.00181511
	-3.98366

	
	Summary statistics

Number of observations

= 138


Schwarz B.I.C. = 91.9518

Scaled R-squared 

= .157083

Log likelihood = -84.5609

LR (zero slopes) 
= 22.1868 [.000]

Number of Choices 
= 276
LRI (likelihood ratio index, rho-squared)
= 0.11597

	PATTERN ‘3’
	1
	Total Travel Time ( TT )
	-.121095
	.030145
	-4.01708

	
	2
	Travel Distance
	-.067271
	.348308
	-.193137

	
	3
	Cost
	-.0066320
	.00153223
	-4.36176

	
	Summary statistics

Number of observations

= 138


Schwarz B.I.C. = 69.4911

Scaled R-squared 

= .291710

Log likelihood = -59.6366

LR (zero slopes) 
= 41.1865 [.000]

Number of Choices 
= 276
LRI (likelihood ratio index, rho-squared)
= 0.25668

	PATTERN ‘4’
	1
	Total Travel Time ( TT )
	-.081379
	.022669
	-3.58994

	
	2
	Travel Distance
	1.39556
	.290740
	4.80003

	
	3
	Cost
	-.639273E-02
	.162010E-02
	-3.94589

	
	Summary statistics

Number of observations

= 138


Schwarz B.I.C. = 89.2112

Scaled R-squared 

= .226400

Log likelihood = -79.3567

LR (zero slopes) 
= 32.3343 [.000]

Number of Choices 
= 276
LRI (likelihood ratio index, rho-squared)
= 0.16925

	PATTERN ‘5’
	1
	Total Travel Time ( TT )
	-.083257
	.024775
	-3.36046

	
	2
	Cost
	-.00480421
	.00111763
	-4.29856

	
	Summary statistics

Number of observations

= 138


Schwarz B.I.C. = 82.5431

Scaled R-squared 

= .256965

Log likelihood = -75.1522

LR (zero slopes) 
= 36.8090 [.000]

Number of Choices 
= 276
LRI (likelihood ratio index, rho-squared)
= 0.19672


Table 6: The results of average travel time from simulation
	
	Schemes
	Route 1
	Route 2
	Route 3
	Route 4

	Average Travel Time (unit=minute) for the Destination Outside of CPZ
	WCP
	22.29
	24.34
	29.44
	19.04

	
	TBS5
	16.52
	20.07
	22.88
	21.96

	
	TBS10
	16.42
	19.07
	25.87
	22.32

	
	TBS20
	21.84
	26.45
	28.36
	24.58

	
	DBS50
	17.54
	20.15
	24.40
	19.98

	
	DBS100
	16.23
	18.60
	27.59
	25.67

	
	DBS200
	7.88
	9.53
	37.31
	36.26

	
	AWS100
	18.23
	18.75
	20.52
	15.26

	
	AWS300
	10.58
	11.72
	15.82
	15.11

	
	AWS600
	10.58
	11.72
	15.82
	15.11

	Average Travel Time (unit=minute) for the Destination Inside of CPZ
	WCP
	17.11
	35.25
	28.64
	21.68

	
	TBS5
	12.74
	22.67
	22.09
	25.21

	
	TBS10
	10.82
	20.79
	25.09
	23.55

	
	TBS20
	16.82
	26.84
	27.57
	26.59

	
	DBS50
	13.21
	23.15
	23.59
	21.56

	
	DBS100
	12.69
	20.61
	26.83
	27.18

	
	DBS200
	7.88
	13.41
	37.31
	37.44

	
	AWS100
	12.87
	22.27
	19.70
	16.49

	
	AWS300
	10.58
	14.43
	15.82
	15.97

	
	AWS600
	6.46
	14.43
	15.82
	15.97


Table 7: Distribution of traffics to targeted destination 
	
	Schemes
	Route 1
	Route 2
	Route 3
	Route 4
	Total number of cars reached to destination

	Distribution of  traffics to Destination Outside of CPZ
	WCP
	145
	61
	93
	201
	500

	
	TBS5
	97
	24
	16
	184
	321

	
	TBS10
	71
	11
	88
	132
	302

	
	TBS20
	32
	35
	0
	174
	241

	
	DBS50
	89
	29
	35
	171
	324

	
	DBS100
	113
	33
	0
	259
	405

	
	DBS200
	0
	0
	0
	241
	241

	
	AWS100
	132
	15
	0
	194
	341

	
	AWS300
	0
	0
	0
	433
	433

	
	AWS600
	0
	0
	0
	433
	433

	Distribution of  traffics to Destination inside of CPZ
	WCP
	167
	0
	105
	32
	304

	
	TBS5
	97
	24
	16
	184
	295

	
	TBS10
	71
	11
	88
	132
	312

	
	TBS20
	32
	35
	0
	174
	292

	
	DBS50
	89
	29
	35
	171
	345

	
	DBS100
	113
	33
	0
	259
	346

	
	DBS200
	0
	0
	0
	241
	414

	
	AWS100
	132
	15
	0
	194
	377

	
	AWS300
	0
	0
	0
	433
	408

	
	AWS600
	0
	0
	0
	433
	408


Figure 1: Individual choice travel pattern under congestion pricing
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Figure 2:   Explanation figure for algorithms 


Figure 3:    Description of models


Figure 4:    Feature of Imaginary Network


Figure 5:   Forecasting module
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Notes;	R1,R2   = route, TT   = travel time, TD   = total travel distance, CPF   = congestion pricing fare
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