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Abstract

Within ITS project assessment, traditional cost-benefit analysis (CBA) may not effectively address the real value of investment with regard to user satisfaction, willingness to pay and other sustainability issues. This paper examines how the Chinese ITS experience may be assessed through multi-criteria assessment methods. We consider, in particular, the evaluation of highway management systems for the Shanghai highway using an Analytical Hierarchy Process (AHP) and concordance analysis (REGIME). This research evaluates the degree of importance for Shanghai highway management systems to establish the investment ratio for each. The funding ratio can then be used to instruct investors to dispose of their funds in a scientific and reasonable way. 
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1. Introduction
For many years, the number of automobiles in Shanghai has been growing at a rate of somewhere between 15% and 25% (Shanghai Statistic Annals 2006). Severe environmental pollution and noise emission from cars has become the major source of urban environmental hazard, causing great difficulty in reaching urban environmental protection targets and this has produced high social costs. On the one hand, crowded public transportation means it would be more inconvenient for Shanghai citizens to travel; on the other hand, this indirectly leads to a relevant social cost. The application of Intelligent Transport Systems (ITS) has greatly improved road efficiency and has provided a reasonable solution to the problem of increasing traffic congestion. ITS still is a modern and growing industry in China. The decision makers struggle to deal with the shortage of funding for extensive ITS projects. It is therefore becoming increasingly important to evaluate ITS implementation in a scientific manner. This would then determine the investment proportion of all subsystems according to the improvement of ITS for traffic derived from evaluation, which can be used to instruct the investors to dispose of their funds in a scientific and reasonable way. As a consequence, correct analysis would reduce the waste of resources and avoid haphazard funding. 

The objective of this research is to evaluate the traffic impact of ITS on the Shanghai highway management system. This research uses Analytical Hierarchy Process (AHP) to evaluate the traffic influence of the highway management system and to derive the influential proportion, i.e. the relative weighting proportion of three subsystems, instruction, monitoring and vehicle control management. The AHP evaluation is then combined with the actual investment of the three subsystems in order to determine the ranking position. The analysis uses concordance analysis (REGIME) to evaluate the real data of all highways in Shanghai to obtain the order of performance. These two orders are much similar to each other after comparison, which indicates that the relative weighting proportion of all subsystems by the means of AHP is accurate. This result can be used to instruct the investors to determine reasonable investment proportion, and also optimize the highways’ performance.

2. Traffic Impact Evaluation of ITS Projects

An evaluation system for ITS has to cover a broad range of contents. Polk (2000) mentioned appraisals of ITS projects should include technical assessments, user acceptance assessments, traffic impact assessments, environmental impact assessments, and socio-economic assessments. In addition, from the standpoint of traffic supervisors and operators and in accordance with the contents of the evaluation, there are two types of evaluation methods, namely, quantitative evaluation and qualitative evaluation. The former includes technological evaluation, traffic impact evaluation and economic evaluation, while the latter involves social and environmental evaluations, customer acceptance evaluation, organizational and structural evaluations (Shi, 2004).

2.1 The scope of traffic impact elevation 

Traffic impact evaluation aims to reflect the impact that ITS would have on the transportation system itself, including the changes it brings about on traffic efficiency, safety, environment, energy consumption and the level of comfort. As a part of ITS evaluation, it also serves as an important foundation for economic and environmental evaluations (Shi, 2004). With the limited ITS monitoring facilities installed in China, giving inaccurate data on queue length and waiting time, it is very difficult to gather emission related data. Therefore, the environmental and sociality impact of ITS is not discussed here.  

2.2 The traffic impact of ITS

There are eight user service categories as defined by the International Organization for Standardization (ISO) in ITS architecture. These are categorized as Advanced Traveller Information Systems (ATIS), Electronic Payment System (EPS), Advanced Traffic Management System (ATMS), which monitors the infrastructure usage, Emergency Management System (EMS), which is designed to improve the efficiency of Emergency vehicle management, Commercial Vehicles Operation (CVO), which addresses the needs of the trucking industry, Advanced Vehicle Control Systems (AVCS), which automates vehicle operation, Advanced Public Transport System (APTS) which is designed to make transit operations more effective, and safety(ITS Handbook 2000). This paper uses the eight user service categories defined by the ISO standard since most countries have their own ITS architecture with different classification structures.

Table1 shows indirect impacts and direct impacts that can be allocated to the various ITS user services. Each ITS user service has a different level of impact, which depends on the different functions and the type of ITS equipment being used.

Table 1

Traffic impact of ITS user services

	User Services
	Direct Impact
	Indirect Impact

	
	Safety
	Efficiency
	Comfort
	Environmental
	Social

	ATIS      
	L
	L
	H
	H
	H

	ATMS
	H
	H
	L
	H
	H

	APTS
	L
	H
	L
	H
	H

	EMS
	H
	L
	
	L
	H

	EPS
	
	H
	L
	H
	H

	CVO
	L
	H
	L
	H
	H

	AVCS
	H
	L
	L
	L
	H

	SAFETY
	H
	
	L
	L
	H


Note: H = High impact; L = low impact; Blank=no impact

2.2.1 Direct impact

Direct impacts affect the transport system, by affecting the people who are involved with the network such as transport operator, owner or user. The direct impacts refer to safety, efficiency, comfort. We measure their positive effects in relation to the decreased number of accident, the relative economic gain; the increased throughput, the reduction in travel time, the enhancement of personal mobility and travel stress reduction which can be indicated by user satisfaction and willingness to pay. Since each user service has a different design purpose, they each have their own impact on safety, efficiency, and comfort.
The eight services except EPS all act in different ways to achieve the goals of transportation security. In particular ATMS, EMS, AVCS, and SAFETY have high level on safety impact. For example, ATMS and EMS handle accident management and detection. In addition, ATMS also reduces traffic accidents by using variable message signs to make vehicle flow smoother.  AVCS and SAFETY are able to automatically avoid hazards in the road, by the use of in vehicle sensors and road based systems. AVCS can control the driver, either by means of improving the information about the driving environment such as enhanced vision systems or by actively aiding the driver in the driving task such as anticollision system (ITS hand book 2000). Whereas SAFETY is used for pedestrians and other vulnerable road users such as cyclists. Providing traffic information by a portable terminal could effectively enhance their level of safety while they are crossing the street etc. 

By being business operating systems, ATMS APTS, EPS, and CVO have a high impact on the efficiency of operation, with the main aim of enhancing productivity, vehicle control management, and reduction of transportation time and cost. 

For comfort impact, ATIS enables travellers to obtain with little effort the information they require. Such information could be public transport, weather forecasting, car parking suggestions and other travel related information, which assist the traveller to decide on the best route and method so as to get to the desired destination with the minimum delay. Therefore, ATIS focuses on building a comfortable travelling environment. 
2.2.2 Indirect impact
Indirect impacts represent a change in society as an indirect consequence of the project, which refer to environmental and social impacts. These impacts affect the whole of society, for example transport authority, operator or owner, user and also non-user. 

Social indirect impacts identify the role of ITS as a means to deliver policy objectives. Moreover, with these impacts we also consider the benefits of ITS on related industries and the accelerated gains in science and technology. As an integrated transport solution, ITS could improve social structure thus we assume a high social impact for all user services.  
Impacts to the environment include reductions in fuel consumption and mobile source emissions, decreased noise pollution, and land use. The Indirect impacts on the environment are caused by two factors, that is, the improvement in efficiency and the enhancement of mobility. Due to the improvement in efficiency, the number of stops and waiting time for vehicles decrease, and the air, noise, and light pollution reduce. Due to the enhancement of mobility, the traveller can take an economic route, in order to avoid a redundant journey, saving resource and energy use. For these two reasons the EMS, AVCS and SAFETY services focus on presenting on the safety aspect, but from the viewpoint of preventing waste resource, we consider they have low impact whereas all the other services have a high environmental impact.
3. Field Work

Owing to the difficulty of data collection, especially on the primary stage of ITS in China, the limitation of this paper lies in that it only tests the data of highway systems in Shanghai, a situation where ITS is a more developed industry. 

3.1 Background

By December 2005, 11 highways, which were all toll roads, A2, A4, A5, A8, A9, A11, A12, A30, A31, A33, and A34 have been built in Shanghai with a total length of over 400 km. These form the backbone of Shanghai’s urban transportation network with three ring roads and ten direct roads. The A30, A31, A33, A34 together forms the suburban ring road of Shanghai, with the A30 on the western side, the A31 on the northern side, the A33 on the south-eastern side and the A34 on the southern side. With a total length of 159.88 km, this ring road surrounds all of Shanghai including its most remote outskirts. The A2, A4, A5, A8, A9, A11, A12 are large high speed channels connecting downtown Shanghai with the rest of the country. Among these roads three were built before 2000. The A12 was constructed in 1988 and was the first highway in China’s history. It is one of the major gateways to Jiading from Shanghai and was overhauled in 2006. The A8 was completed and opened to traffic in 1990, and is the leading route from Shanghai to Hangzhou, capital city of the Zhejiang province. The A11 was put into use in 1996, connecting Shanghai and Nanjing, capital city of Jiangsu province. Since 2000, great effort has been made to speed up infrastructure development in Shanghai, with the A4, A9 and A30 being built in 2002. The A4 connects Shanghai with Zhejiang province along the coast, and the A9 is an important inter provincial highway in western Shanghai. Another four highways, the A2, A5, A31, and A34, were completed in 2004, with the A2 and A31 opening in December 2004. The A5 connects Jiading, Qingpu, Songjiang and Jinshan, four developed economic zones in Shanghai. The A34 was opened in December 2005. Due to the constant expansion of the road network, data from the A2, A31, and A34 has not been included in this evaluation for the year 2005. 

Table 2 shows the annual basic data of all highways in Shanghai with the exception of the A2, A31, and A34 in the year 2005. There are two classes of data, namely, qualitative and quantitive. The quantitive data consists of user satisfaction and willingness to pay. The qualitative data includes construction date and length, accident rate, economic loss, traffic volume, and average velocity. Meanwhile, for the sake of reasonability and equality of evaluation, accident rate of a hundred million cars, economic losses per kilometre, traffic volume kilometre are included in the table, which are derived on the basis of the basic data after investigation, such as accident rate, accident economic losses as well as traffic volume. The quantitative data was collected by a person to person interview with the Shanghai Highway Administration Bureau and the Shanghai Municipal Public Bureau of Security. The qualitative data was obtained by the survey, which sampled 35 travellers by questionnaire.
Table 2

Traffic performance of main Shanghai highways in 2005

	Name
	Construction Date
	Length（km）
	Accident rate per 100 million vehicles
	Economic loss per kilometre

(Yuan/km)
	Traffic volume per kilometre
	Average velocity

(km/h)
	User satisfactiona
	Willingness to payb

	A4
	2002
	54.48
	0.1
	73
	182821
	85.8
	3
	0

	A5
	2004
	33.71
	5.0
	30
	8104
	73.3
	3
	0

	A8
	1990
	47.67
	0.7
	975
	265137
	83.9
	2
	3

	A9
	2002
	30.74
	1.2
	3091
	174141
	90.8
	3
	3

	A11
	1996
	24.23
	4.7
	20581
	184736
	81.3
	2
	3

	A12
	1988
	18.35
	4.0
	19095
	217123
	86.9
	5
	3

	A30
	2002
	46.34
	0.6
	1079
	47392
	81.3
	2
	0

	A31
	2004
	35.48
	1.7
	564
	38156
	84.6
	5
	0


Note: a User satisfaction: Excellent-5, Good-3, Satisfactory-2 Poor-0.  b Willingness to pay: Willing-3, Unwilling-0.

3.2 ITS equipment of Shanghai highway management system

In order to meet the challenges of urban transportation during the Shanghai 2010 Expo, measures have to be taken to materialize the strategy for promoting information based urban development and modernizing the transportation system. Since 2003, a large amount of capital has been allocated for installation of information based transportation equipment for the highways in Shanghai. Currently, all highways in Shanghai are covered by the new system. These facilities can be divided into three categories. These are transportation guidance systems including A panel, F panel; monitoring systems including CCTV, speed testing systems, and visibility metering; traffic management control systems including vehicle inspection equipment and regional control units. Table 10 shows the different investment of three ITS systems in each highway from their construction date to the end of 2005. This data is also provided by Shanghai Highway Administration Bureau. The functions of the three systems are shown below.

Guidance system: To release information ranging from weather, traffic accident, traffic jam, safety education campaigns, traffic control, road construction, and emergency information so as to properly guide the traffic. 

Surveillance system: To provide exact and timely supervision on traffic volume, working status and accident rate around slip roads and superhighways. 

Traffic management control system: To coordinate all responses needed in the transportation system, providing costumers with real time and exact transportation status so as to help them choose the safest, most efficient and convenient route; to support ITS related operation and reduce traffic jams in other regions by conducting effective data exchange with other ITS subsystems, such as the guidance systems; to shorten time on the road; to reduce energy consumption and traffic accidents; to improve traffic management capacity; to maximize both social and economic benefits and so forth. 

4. Methodology

The methodology for this research is a combined method by AHP and concordance analysis (REGIME), which takes the strengths of one to remedy the weakness of the other. 

4.1 Comparison of AHP and Concordance Analysis
In ITS practice, it is difficult to collect data and financial information and as a consequence it can prove difficult to analyze the costs and benefits. For instance, in China, it is often the case that there is no before and after data as many ITS applications are integrated with the cost of the whole infrastructure. In addition, if we can get the data, some indicators are difficult to measure in monetary terms, for example customer satisfaction and willingness to pay.
The method of AHP takes the form of a compensatory method of Multi Criteria Decision Analysis (MCDA). This was developed by Saaty in 1980. The aim of the method is to obtain a score for each alternative in relation to the final objective. This score identifies the priority and the importance of the alternatives.

In recent years, AHP has been introduced in ITS Elevation. Hu Mingwei and Shi Qixing (2001) has expanded on the application of Cost Benefit Analysis (CBA) and Multi Purpose Analysis in ITS. He believes that to use only one type of analysis method is insufficient. After making a comparative study on AHP and CBA, he came to the conclusion that CBA is more suited for economic evaluation of an ITS project, while AHP is appropriate for social and environmental evaluations. Longo et al. (2000) discussed the use of Multi purpose Analysis in ITS evaluation. Levine and Underwood（1996）assessed FAST-TRAC traffic plan targets through AHP and set the priorities of various traffic targets. Mattingly (2001) has applied a multi purpose and multi nature evaluation method to the SCOOT traffic control system of Anaheim, California. 

The concordance analysis (REGIME) is a discrete qualitative multi criteria method (Nijkamp et al. 1990, Medda and Nijkamp, 2003). The fundamental framework of multi criteria methods is based upon two kinds of input data: an evaluation matrix and a set of political weights. The evaluation matrix is composed of elements that measure the effect of each considered alternative in relation to each considered criterion. The set of weights gives us information concerning the relative importance of criteria we want to examine. Concordance analysis (REGIME) is an ordinal generalisation of pairwise comparison methods able to examine quantitative as well as qualitative data. 

In concordance analysis, as in the concordance analysis, we compare the alternatives in relation to all the criteria in order to define the concordance index. Let us consider for example, the comparison between alternative i and alternative j to all criteria. The concordance index will be the sum of the weights which are related to the criteria for which alternative i is better than alternative j. Let us call this sum, cij. Then we calculate the concordance index for the same alternatives, but by considering the criteria for which j is better than i, i.e., cji. After having calculated these two sums, we subtract these two values to obtain the index: (ij = cij - cji.  Because we have only ordinal information about the weights, our interest is on the sign of the index (ij. If the sign is positive, this will indicate that alternative i is more attractive than alternative j; if negative, it will imply vice versa. We will therefore be able to rank our alternatives. We must note that due to the ordinal nature of the information, in the indicator ( no attention is given to the size of the difference between the alternatives; it is only the sign of the difference that is important. 

We might nevertheless encounter another complication. We may not be able to determine an unambiguous result, i.e. rank the alternatives. This is because we confront the problem of ambiguity with the sign of the index (. In order to solve such a problem we introduce a certain probability pij for the dominance of criteria i with respect to criteria j as follows:
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and we define  an aggregate probability measure which indicates the success score as follows:
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where I is the number of chosen alternatives.

The problem here is to assess the value of pij and of pi.  We will assume a specific probability distribution of the set of feasible weights. This assumption is based upon the criterion of Laplace in the case of decision-making under uncertainty. In the case of probability distribution of qualitative information, it is sufficient to mention that in principle, the use of stochastic analysis, which is consistent with an originally ordinal data set, may help overcome the methodological problem we can encounter by conducting a numerical operation on qualitative data.

The concordance analysis (REGIME) method then identifies the feasible area in which values of the feasible weights wi must fall in order to be compatible with the condition by the probability value. By means of a random generator, numerous values of weights can be calculated. This allow us at the end to calculate the probability score (or success score) pi for each alternative i. We can then determine an unambiguous solution and rank the alternatives.

4.2 Stages

The actual evaluation model uses concordance analysis (REGIME) to test the AHP evaluation result. Adopting AHP, determines the relative importance of all elements through the comparison of their essentiality to get its’ estimated ranking. The true performance data is then tested using concordance analysis (REGIME) to confirm that the ratio calculated by AHP is accurate. This model takes the accident rate of all highways, accident economic losses, traffic flow, average speed, satisfactory degree of all users as well as their willingness to pay into full consideration, uniting the analysis of qualitative and quantity into one, testing the result from different directions to ensure that the result is reasonable and reliable.
4.2.1 Stage1 to obtain the ratio by AHP model

Following are four steps for Shanghai highway management evaluation by AHP model.

4.2.1.1 Build level structured model
Make groups for the inclusive factors, each group is treated as a level, which are called in turn target level (the top), index level 1 and 2(the middle) and solution level (the bottom). In this case, the best performance highway in Shanghai is regarded as the target level. As the highway management is one of the user services of ATMS therefore, the corresponding direct impact factors such as safety, efficiency, and comfort in Table 1 are treated in Index level 1. Accident rate of a hundred million cars and economic losses per kilometre, traffic volume per kilometre and average velocity, willingness to pay and user satisfaction are included in index level 2, relating to three direct impact factors, which are in the upper level. The table guidance system, surveillance system and traffic management control system are considered in the solution level. In addition, the upper level is completely or partially dominant to the factors of the adjacent narrow level, which forms a top down dominance relation among the levels, i.e., an adjacent level relation. Fig.3 is the structure of Shanghai highway management system by AHP model.

4.2.1.2 Building judgment matrix P
The judgment matrix is formed by listing judgment values with relative importance for each factor in each level of the level structured model, which represents the comparison of relative importance of one factor in the immediate upper level to the corresponding factors in the lower level, for example, if factor Ak in layer A is related to the factors B1 , B2, …, Bn in the immediate lower level, the judgment matrix is shown as follows:
	A
	B1
	B2
	…
	Bn

	B1
	b11
	b12
	…
	b1n

	B2
	b21
	b22
	…
	b2n

	
	
	
	…
	

	Bn
	bn1
	bn2
	…
	bnn


Bij is an element of judgment matrix P, which means the value of relative importance of Bi to Bj for factor Ak. Values for importance will be expressed with a scale of 1~9 as proposed by Saaty (1980). These are shown in the Table 3.

Table 3 

Definition of scale 1~9

	bij
	Definition

	1
	Objectives i and j are of equal importance

	3
	Objective i is weakly more important than j

	5
	Objective i is strongly more important than j

	7
	Objective i is very strongly more important than j

	9
	Objective i is absolutely more important than j

	2,4,6,8
	Intermediate values

	Reciprocal
	bij=1/ bij


4.2.1.3 Level simple sequence and consistency verification

Level simple sequence is an array showing the relative importance for each factor as related to one factor in the immediate upper level, i.e., the importance sequence of index level to target level, and solution level to index level. In an example for the weight calculation of Safety B1, Efficiency B2 and comfort B3 for the 2nd level (index) relative to the 1st level (target), the procedure is described as follows:

(1) Standardize each vector ray in judgment matrix P.

(2) Calculate the sum by line

(3) Conduct a normalized calculation
(4) Calculate the maximum characteristic value of the judgment matrix, using Matlab          software.

(5) Verify the consistency of the judgment matrix

Matrix A-B is obtained from the judgment of the importance sequence of index level 1 to target level. The related weights and maximum characteristic value of judgement matrix A-B are shown in Table 4. 

In this case, the relative weights have been judged by the author. According to the Abraham Maslow's Hierarchy of Needs theory (1943), in the index level 1, safety is the basic need for human motivation. “Safety first” applies to everyone in transport (ITS hand book 2000). Therefore, the safety impact is considered the most important factor in the evaluation. Moreover, trips made on the toll road tend to be chosen to avoid congestion or where there is no alternative and thus comfort is assumed to be less important than efficiency. In the index level 2, since tolling is a type of business activity, willingness to pay and traffic volume per kilometer are more important than user satisfaction and average velocity. Beside, compared with traffic accident rate and economic loss per kilometer, the latter shows the degree of traffic accident. For that reason, controlling the traffic accident rate is considered more important than economic loss per kilometer. 

Table 4

Judgment matrix of index level 1 to target level
	A-B

	A
	B1
	B2
	B3
	W

	B1
	1
	3
	9
	0.69

	B2
	1/3
	1
	3
	0.23

	B3
	1/9
	1/3
	1
	0.08

	
[image: image3.wmf]max

l

=3, CR<0.1


The Matrix B1-C, B2-C, B3-C are obtained from the judgment of the importance sequence of the factors C11~C32, in index level 2 to factors B1~B3, in index level 1. Their related weights and maximum characteristic value of each judgement matrix are shown in Table 5.

Table 5

Judgment matrix of index level 2 to index level 1
	B1-C
	B2-C
	B3-C

	B1
	C11
	C12
	W
	B2
	C21
	C22
	W
	B3
	C31
	C32
	W

	C11
	1
	5
	0.83
	C21
	1
	5
	0.83
	C31
	1
	1/4
	0.2

	C12
	1/5
	1
	0.17
	C22
	1/5
	1
	0.17
	C32
	4
	1
	0.8
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The six judgement matrixes, C11-D, C12-D, C21-D, C22-D, C31-D, C32-D, are obtained from the judgment of the importance sequence of the factors D1~D3, in solution level to factors C11~C32, in index level 2. Their related weight and maximum characteristic value of each judgement matrix are shown in Table 6.

Table 6

Judgment matrix of solution level to index level 2
	Matrix (C11-D)
	C12-D

	C11
	D1
	D2
	D3
	W
	C12
	D1
	D2
	D3
	W

	D1
	1
	1/3
	1/5
	0.11
	D1
	1
	1/7
	1/5
	0.08

	D2
	3
	1
	1/3
	0.26
	D2
	7
	1
	3
	0.64

	D3
	5
	3
	1
	0.63
	D3
	5
	1/3
	1
	0.28
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	C21-D
	C22-D

	C21
	D1
	D2
	D3
	W
	C22
	D1
	D2
	D3
	W

	D1
	1
	3
	1/3
	0.26
	D1
	1
	3
	1/7
	0.22

	D2
	1/3
	1
	1/5
	0.11
	D2
	1/3
	1
	1/3
	0.14

	D3
	3
	5
	1
	0.63
	D3
	7
	3
	1
	0.64
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	C31-D
	C32-D

	C31
	D1
	D2
	D3
	W
	C31
	D1
	D2
	D3
	W

	D1
	1
	3
	1/2
	0.31
	D1
	1
	4
	1/2
	0.32

	D2
	1/3
	1
	1/5
	0.11
	D2
	1/4
	1
	1/7
	0.08

	D3
	2
	5
	1
	0.58
	D3
	2
	7
	1
	0.60
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A consistent matrix means a judgment matrix satisfying aij×ajk =aik, but a judgment matrix is usually not a consistent matrix, therefore consistency verification must be carried out. Consistency verification requires calculation of the CR value (consistency ratio).  
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Where

CI--Consistency Index
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RI--Random Consistency Index, value selection from Table 7

n--Per matrix dimension
When CR<0.1, the non-consistency is within the permitted range, otherwise the pair comparison must be repeated and relevant adjustments performed. 

Table 7

The index of consistency check (RI)

	n
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
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	0.00
	0.00
	0.58
	0.90
	1.12
	1.24
	1.32
	1.41
	1.45
	1.49


Weight vector for solution level to index level can be calculated with the same method, and consistency verification can be made.

Index (CR) can be obtained from calculation on the matrixes of Table 4, Table 5 and Table 6 by equation (3) and (4). For all matrixes, CR<0.1, the non-consistency is within the permitted range.

4.2.1.4 Total level sequence and combination consistency verification

Total level sequence is performed by calculation of the importance of weight factors for a level relative to the top level by calculation between adjacent levels from top down, i.e., according the equation (5), the weight vector calculation for solution level to target level is made by combination of the weight vector for index level to target level to that for solution level to each factor of the index level. The calculation is derived from the total sequencing results of the immediate upper level.

CR(3) is the combination consistency ratio for solution level to target level as:
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Where

aj--Weight value of total level sequence

CIj-- Consistency index of simple sequence for certain factors in solution level to index level 1

CRj-- Corresponding average random consistency index

According the weight of three matrixes in Table 5, the overall weights of index level 2 are calculated by equation (6).

Table 8

Overall weights of index level 2
	
	C11
	C12
	C21
	C22
	C31
	C32

	B1
	0.83
	0.17
	0
	0
	0
	0

	B2
	0
	0
	0.83
	0.17
	0
	0

	B3
	0
	0
	0
	0
	0.2
	0.8

	Overall Weight
	0.5727
	0.1173
	0.1909
	0.0391
	0.016
	0.064


According the weight of six matrixes in Table 6, the overall weights of solution level are calculated by equation (6).

Table 9

Overall weights of factors solution level

	
	D1
	D2
	D3

	C11
	0.11
	0.26
	0.63

	C12
	0.08
	0.64
	0.28

	C21
	0.26
	0.11
	0.63

	C22
	0.22
	0.14
	0.64

	C31
	0.31
	0.11
	0.58

	C32
	0.32
	0.08
	0.60

	Overall Weight
	0.156
	0.257
	0.587


4.2.2 Stage2 combining overall weight 

Table 10 is the investment of three subsystems- guidance, surveillance, and traffic management control from the construction of all main highways to December 2005 in Shanghai. Owing to a variation in road lengths, all the investment data are first adjusted to get the investment per kilometer for the three systems and the weighting determined in relation to other seven highways. Then using the overall weight in Table 9 and the investment weight of all highways in Table 10 is used to get the performance weighting of all high ways according to Formula 6.


[image: image17.wmf]112233

nnnnnnn

FWWOWWOWWOW

=´+´+´

                                     (6)

Where

n--individual highway

W1n--the weight of guidance system for highway n
W2n--the weight of surveillance system for highway n
W3n--the overall weight of traffic management control system i for highway n
W1n, W2n, W3n are taken place in Table 9

OW1--the overall weight of guidance system

OW2--the overall weight of surveillance system

OW3--the overall weight of traffic management control system

OW1, OW2, OW3 are taken place in Table 10

The calculated result is placed in an order from high to low as shown in Table 11.

Table 10

Investment of ITS equipment                                Unit: 10 Thousand Yuan (RMB)
	Name
	Guidance System
	Surveillance System
	Traffic Management Control System
	Invest-

ment

	
	Invest-

ment
	Investment per kilometre
	Weight
	Invest-

ment
	Investment per kilometre
	Weight
	Invest-

ment
	Investment per kilometre
	Weight
	

	A4
	320
	5.874
	0.051
	348
	6.388
	0.070
	177
	3.249
	0.065
	845

	A5
	60
	1.780
	0.013
	264
	7.832
	0.117
	105
	3.115
	0.061
	429

	A8
	280
	5.874
	0.051
	282
	5.916
	0.066
	202
	4.237
	0.093
	764

	A9
	200
	6.507
	0.058
	218
	7.093
	0.078
	118
	3.839
	0.127
	536

	A11
	400
	16.508
	0.197
	190
	7.842
	0.186
	92
	3.797
	0.125
	682

	A12
	420
	22.888
	0.299
	302
	16.458
	0.279
	158
	8.610
	0.272
	880

	A30
	300
	6.475
	0.058
	262
	5.654
	0.062
	201
	4.338
	0.087
	763

	A31
	240
	6.764
	0.058
	234
	6.595
	0.070
	179
	5.045
	0.101
	653


Table 11

The performance ranking of Shanghai highway management system by AHP evaluation

	No
	Name
	Result

	1
	A12
	0.278

	2
	A11
	0.152

	3
	A9
	0.104

	4
	A31
	0.087

	5
	A8
	0.079

	6
	A30
	0.075

	7
	A5
	0.069

	8
	A4
	0.064


4.2.3 Stage3 get real performance ranking by Concordance Analysis
Input to Table 2 six parameters in concordance analysis, the accident rate of all highways, accident economic losses, traffic volume, average speed, satisfactory degree of all users as well as their willingness to pay to calculate the performance weighting of all high ways, placed in an order from high to low shown as Table 12. This result is much similar to that of Table 11.

Table 12

The performance ranking of Shanghai highway management system by concordance analysis
	No
	Name
	Result

	1
	A12
	0.960

	2
	A11
	0.913

	3
	A9
	0.777

	4
	A8
	0.623

	5
	A31
	0.607

	6
	A30
	0.410

	7
	A5
	0.183

	8
	A4
	0.140


4.2.4 Stage 4 validating the weight of three subsystems by comparison two rankings

Comparing the rank of Table 11 and Table 12, they are similar each other. There is one difference between them which is the rank position of the A31. The reason for this result is the A31 has been open in September 2004 and was still in the “run up” stages when we collected the data for 2005. 

In addition, the actual evaluation model uses concordance analysis (REGIME) to test the AHP evaluation result. Adopting AHP, determines the relative importance of all elements through the comparison of their essentiality to get it’s estimated ranking. The true performance data is then tested using concordance analysis (REGIME) to confirm that the ratio calculated by AHP is accurate. This model takes the accident rate of all highways, accident economic losses, traffic volume, average speed, satisfactory degree of all users as well as their willingness to pay into full consideration, uniting the analysis of qualitative and quantity into one, testing the result from different directions to ensure that the result is reasonable and reliable.

5. Conclusion

Through the evaluation of the degree of influence of the three subsystems, instruction, monitoring and vehicle control management on traffic, as well as the analysis of their relative importance in traffic management by combining AHP and concordance analysis (REGIME) models. There are three findings that may be attributed to this research.

 Firstly, it is possible to establish reasonable investment proportions for each subsystem, i.e. ratio 15:25:60. This offers a useful reference for the funds allocation among all systems of ITS. 

Secondly, the A12 is the top highway in both ranking tables and was shown to be the best performer in Shanghai highway management system. It should be considered a good reference comparison for future decision makers. 

Finally, the methodology for this research takes the strengths of AHP and concordance analysis (REGIME) to remedy the weakness of each other. This assessment method can evaluate both quantity and quality parameters and also can get the accurate importance ratio for solution judgment, which are become more and more important for provision of impure public goods today.

Owing to the difficulty of data collection, especially on the primary stage of ITS in China, the limitation of this paper lies in that it just tests the data of highway systems in Shanghai, a situation where ITS development is quite good. In the future, ITS in China will become more widespread. In further work the model will be tested again and again on the basis of the highway data in different provinces and will be modified accordingly.
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Fig. 1 The highway network of Shanghai
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Fig. 2 Framework for traffic impact evaluation of Shanghai highway management system
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Fig. 3 The structure of AHP model
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