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Abstract

Information technology is an instrument that could contribute to the enhancement of the competitiveness of intermodal transport. The paper presents the methodology for the development and evaluation of an information technology system, which can be applied to both ports and transport services within a transport logistic chain. The system will be an advanced informatics database, facilitating efficient exchange of information within a paperless framework and through a harmonised procedure, on port services, custom procedures, security issues etc. Evaluation includes technical assessment of the application, impact assessment, user acceptance assessment, and socio-economic evaluation through a multi-criteria analysis.
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1. Introduction
The maritime transportation industry is a dynamic one, evolving continuously in an attempt to react to the challenges of the economic and logistics systems. The current issues ports are facing are multiple and complex and are called to reassess their management strategies to attract clients and secure investment, whilst the emerging trends in global trade and logistic services have resulted to strong inter port competition.

Logistics integration through market systems is the coming revolution in supply-chain management. Information technology has become an essential part of the rapid transfer of enormous volumes of data processed in international maritime transportation and, in particular, to port organizations. The proper set-up, operation and management of such systems are vital for efficient transport. A number of systems have been created facilitating documentation exchange, matching of supply and demand, and providing other essential links and information. However, such systems are of individual nature and their limited application has indicated the need for an integrated system.

This paper presents a proposal for developing an advanced information service, which facilitates a fast and easy ship booking process, by first enabling the shipping companies to manage and dispatch information with regards to their services (timetables, real arrival-departure ship scheduling, space availability, on board positioning, seaport accessibility, pricing), and secondly allowing road transport operators to make enquiries, obtain price estimates and make reservations. The above system is an innovative approach to supporting services for the maritime industry.

In order to ensure that the objectives of this system are met, a methodology is also proposed, with the scope to provide an initial evaluation of this application. It includes technical assessment, to determine the performance, reliability etc. of the application, user acceptance assessment, impact assessment, to measure the effects on safety, efficiency, environment etc., and socio-economic evaluation. The above are carried out through a multicriteria analysis.
2. Background
World trade is nowadays experiencing a steady increase with an expected growth to reach the equivalent of 30% of the world output in 2010 (Notteboom and Wilkenmans, 2004). An integration of global economy is being noted through deregulation and free trade and a number of initiatives such as north American Free Trade Agreement (NAFTA), EU Single Market and World Trade Organisation (WTO). In the case of Europe, developments such as the enlargement of the European Union with the generation of bi-directional east-west flow, its strong international trading linkages, particularly with the most important Asian trader, China, and the emergence of new international land and maritime corridors, such as Short Sea Shipping and most recently Motorways of the Sea, have resulted in significant increase in volume and value of goods and freight transport.

The globalization of trade has also brought about a structural shift from a “supply driven” economy, characterized by mass production of standard products, to a “demand driven” economy, characterized by demand “just in time” production of “customised” products delivered at maximum speed, with the highest delivery reliability, and at the lowest possible cost. The latter adds further complexity to international supply chains and pressure for provision of new value-added services in an integrated package though vertical integration of the supply chain.  This constitutes global logistics packages rather than individual shipping lines, forwarders, terminal operators, rail and tracking companies. 

The recent developments in economy and logistics, described in the above, have a direct effect on European ports, and have incurred strong inter-port competition influenced by the type of inland transportation system, trassshipment facilities and freight forwarders and multimodal transport operators. In other words, port competitiveness is becoming increasingly dependent on external co-ordination and control of the whole supply chain. Logistic chains have become the key factor in port competition, and hence port choice is now function of the overall costs of each individual segment of the transportation network, that is maritime journey, port and inland transport cost. 

Studies have shown that in the future there will be demands on global liner shipping that will necessitate the introduction of Internet services for such logistics services as warehouse/distribution center management, shipment tracking, transportation management, freight bill auditing/ payment, web-enabled communication, inventory management, customer order management, transportation-logistics electronic markets, and supplier management systems, etc. (Langley et al., 2001). 

To support the above, besides the necessary physical infrastructure for a new, powerful, reliable and cost effective transport network, there is also the need for modern IT systems and communication tools. These will support logistics service providers through improved product flow visibility, real time flow information based on user needs with ability to re-plan/re-direct, event management in order to forecast events and generate proactive notifications in failures and, finally, performance management (data, accountability, improvement opportunities). 
3. An Overview of the Use of Information Technology 

3.1 User Needs and Barriers

There are a number of issues hindering the development of information systems and the application of information technology to the supply and distribution of information in the maritime and intermodal transportation industry. Problems associated with communication and information are more critical because intermodal transport is based on the integration of different transport modes and the co-operation of diverse actors. It is difficult to describe the current intermodal transport chain in terms of organisations. A vast number of organisations are involved (forwarders, road haulage operators, etc.) with different interfaces and types of co-operation between them. The boundaries between these organisations are also varying with time.

Currently, regional units own, operate and use various information systems (IS). These are autonomous in nature and lack a common architecture. The information is mostly available for single transport modes in isolation and, hence lacks interoperability. IS co-ordination is also scattered around the organisation. Regional units are managerially independent of the central administration departments and IS solutions could vary from one region to another. Integration of such systems is difficult due to the absence of a common schematic framework and performance measures with regard to the consistency and reliability of the information involved. As a result, there are not enough multilateral standardised agreements on information exchange.

There also appears to be some reluctance on the part of both shippers and carriers to invest in and commit to this particular technology, partly because of an unwillingness to reveal information about their operations, and because it is being competition preventive, by being selective of who and how many can offer their service through the system. 

Moreover, the user is unable to access information on different transport modes in a transparent manner and non real-time information is provided. Linking the information through the whole transport chain takes too much time and involves high overall costs. Available information services lack information on qualitative customer service parameters, such as reliability of delivery, etc. Price is considered as the single decision factor for intermodal transport operators. Finally, there is no clear view on security and accessibility issues. Due to the above issues, therefore, information technology has still an average low level of use among the actors in the intermodal transport world.

A survey that was aimed at studying the attitudes of shippers toward Internet technology and the subsequent development of electronic commerce indicated that most shippers are aware of electronic marketplaces (Lin et al, 2002). Shippers will most likely use these electronic marketplaces in the case of lower transportation costs and other associated improvements, such as reduced paperwork, faster response time between shippers and carriers, better carrier relationships and finally in the case of pooling together shipments with competitors to leverage purchasing power for cargo capacity. The results of this survey seem to suggest that shippers are willing to use electronic commerce but are still uncertain of the benefits that have been promised along with its development. The same applies for road operators (Regan and Golob, 1999). Shippers’ perceptions of the usefulness of Internet services could be raised by raising their perceptions of the ease of using such services. (Lu et al, 2006).

In any case, a user-needs analysis would be necessary.  Traditionally, there are two different approaches to user-needs analysis. The first is application-oriented, where once an application is chosen, the user-needs analysis investigates how useful it is. In the second approach, the needs of the end users determine the design of the technical application. Input can be provided through interviews or questionnaires, focus groups, surveys, group discussions or information sessions.

3.2 Current use of Information Technology
It is clear, however, that rapid developments in technology, Internet applications and the formation of electronic markets, are providing a platform for multi-channel connectivity, although nowadays it is still typically used in a bilateral fashion. Another survey carried out (Holguin-Veras and Walton, 1996) indicated that within the IT field two areas have evolved most rapidly: Electronic Data Identification (EDI) and Automatic Equipment Identification (AEI). Nevertheless, the data provided by this particular survey indicated that, for a typical terminal, the information flows among agents and within terminals are very loosely integrated, with the integration of road operators  being particularly low. 

EDI, is a powerful tool for communicating between trading partners that speeds up communications, allows for better control over information flows and quality, decreases the volume of paper, and reduces costs, thus obtaining a higher service level, followed by gains in efficiency and improved external aspects (held/gained clients, better relations with partners). In spite of these perceived advantages, EDI in the maritime transport sector is still in the stage of introduction, compared to the airline and airport industries.

By examining individual cases, a wide variety of system types was discovered along with substantial discrepancy between actual value of the systems and what the operators intended initially to achieve. Three basic system types were identified (Gudmundsson and Wulczuch, 1998): i) passive posting systems using E-mail (The National Transportation Exchange – NTE; CargoFinder; CargoNet-Denmark; SeaNet; WWShipNet); ii) EDI facilitating systems that have additional top-on services such as booking capability (CargoNet, HK; CargoConnect; e.g. all Cargo Community Systems); and iii) fully multimodal integration systems (KL-Net, Encompass). The systems could then be further divided according to whether they were Internet (CargoFinder, SeaNet) or Extranet (Encompass) based, or both (CargoNet, ARENA, HK; CargoConnect). Internet-based Vessel Tracking System (I-TRACK) conveniently delivers tracked vessel information via the Internet browser to shipping companies in Singapore’s maritime industry (Carrigan, et al., 2005). Also, some Mediterranean already ports allow for ‘one-stop-shopping’ clearance procedures (Clearing for instance: ‘Port of Call declaration’, Cargo Manifest’, ‘IMDG declaration’, ‘Passenger List’, etc). 

Finally, it is believed that new technologies and management systems could be adopted to enhance navigational safety and minimize pollution risk. The Marine Electronic Highway (MEH) is envisioned to be a regional information network integrating maritime safety technologies and marine environmental management and protection with precision navigation as its backbone (Sekimizu, et al., 1997).
3.3 Custom Controls and Procedures

Customs administrations have a central role in the international movement of freight. Custom controls often cause severe delays at border crossing points. The right balance has to be found, between ensuring safety and security of transport and facilitating the flow of goods. There is the need for harmonisation of international standards in the area of advanced customs information, the standardisation of data requirements for customs declaration and interoperability of customs systems (High Level Group Report, 2005). The development of EDI gives Customs the opportunity to facilitate a country’s international trade, by aiding in by-passing the vast quantities of paper documentation currently required and improving the processing of information necessary to grant Custom’ s clearance to goods. It also maintains efficient and effective controls, whilst creating minimum disruption to legitimate trade. Moreover, the increasing use of EDI allows traders to enjoy many economic and strategic benefits, including `inconveniences’ caused by bureaucratic and complicated procedures (Lee et al, 2000).

3.4 Security

Security is another major consideration in the use of information technology systems.

The high complexity of the intermodal system and the use of inadequately protected electronic systems and Internet websites could provide criminals, who successfully use the new technologies, with detailed cargo trucking information at a low risk (Zografos and Regan, 2004). Additionally, the maritime sector has inherent limitations concerning security issues, which are enhanced by the fact that there is limited information on threat occurrence probability and respective business impact. Therefore, it is imperative to develop and integrate new security systems, techniques, and equipment appropriate for the different critical security points (e.g., websites, information systems of terminals and transfer points), thus optimizing the role of security in the supply chain management while contributing to corporate financial benefits. Confidentiality and integrity of each of the augmented systems is also an important requirement for proper operation (Roumboutsos, et al., 2005).
4. METHODOLOGY

A methodology for the development of the proposed system and its evaluation is presented in this section. Initially, a description of the system features is given followed by the system objectives, as identified by the user needs. Finally, an evaluation methodology is set out in order to assess whether the system meets the identified objectives. The latter includes four individual assessment categories that were chosen by the authors based on the assessment objectives, the characteristics of application to be tested and the resources available.

4.1 Development of a Common Information Data Base

4.1.1 The Single Window Concept

The Advanced Information Database system, proposed in this paper, is based on the Single Window System concept that was originally conceived for trade facilitation. There is no single definition of what this system is. A common definition of the term "Single Window" is (UN/CEFACT, 2005 ):"A facility that allows parties involved in trade and transport to lodge standardized information and documents with a single entry point to fulfill all import, export, and transit-related regulatory requirements. If information is electronic then individual data elements should only be submitted once."
Through the use of a Single Window System, international (cross-border) traders are given the opportunity to submit regulatory documents that usually include customs declarations, applications for import/export permits, and other supporting documents such as certificates of origin and trading invoices, at a single location. This information remains accessible for all the authorities or operators that are involved in the process. The key added value offered by the Single Window concept for a particular state or trade economy in general, is to increase the time and cost efficiency of import/ export process for traders, enabling them to by-pass the arduous procedures of dealing with various governmental authorities for obtaining the relevant clearance and permit(s) to transport cargo across national or economic borders. 

In practical terms, the Single Window aims to expedite and simplify information flows between trade and government and brings meaningful gains to all parties involved in cross-border trade. It is managed centrally by a lead agency, enabling the appropriate governmental authorities and agencies to receive or have access to the information relevant for their purpose. In addition, participating authorities and agencies should co-ordinate their controls. In some cases, the Single Window may provide facilities for payment of relevant duties, taxes and fees.

The concept is recognised and promoted by several world organisations that are concerned with trade facilitation.  Among these are the United Nations Economic Commission for Europe (UNECE) and its Centre for Trade Facilitation and Electronic Business (UN/CEFACT), World Customs Organisation (WCO), SITPRO Limited of the United Kingdom and the Association of Southeast Asian Nations (ASEAN). The UN/CEFACT has provided recommendations and guidelines to administrators and traders on the implementation of the Single Window to enhance the exchange of information between trade and government.

4.1.2 Input Data Requirements

The data requirements to produce such a system are extensive, and involve information obtained from research, interviews and performance forecasts with respect to the following:

· Providing insight in services and products available on the market.

· Exchanging information on the operational execution of intermodal transport (bookings, orders, planning information, reports).

· Retrieving information on the status of cargo and/or transport means in intermodal chains (tracking and tracing information, intermediate reports).

· Exchanging information to comply with legal requirements, in order to guarantee a seamless throughput of goods (customs declarations, declarations of dangerous goods, payments of fees).

· Providing information on goods, e.g. in the case of hazardous goods and calamities.
4.1.3 System Features
The primary step for the development of the proposed system is the creation of an interactive data base, aimed to be updated on-line-real-time, made available to all interested parties through an open web interface in an effort to offer an open, on-line, integrated, door-to-door and one-stop-shopping service. All required information will be loaded only once at a unique desk and remain accessible for all the authorities or operators that are involved in the process. 

‘Open’ means that access to the system is non-selective in terms of logistics services provided, geographical position, and number and type of sellers, middlemen or buyers. ‘Online’ means that the buyers or middlemen have immediate automated access to sellers’ capacity availability (non-transparent), rates (through yield management interface) and immediate confirmation of bookings (unless there is a possibility of waitlisting). ‘Integration’ means that all necessary provisions for logistics as well as full choice among sellers (as in ‘open’) is present in the system (customs, insurance, banks, etc.).‘Door-to-door’ implies that the system will be capable of combining a number of sellers to meet LBS users’ (buyer or intermediary) service requirements given various selfdefined constraints (price, reliability, speed, etc.). A “one-stop-shopping” implies that a clearing-house of choice (can be more than one option) can receive a payment for all aspects of a shipment and distribute to relevant parties (Gudmundsson and Wulczuch, 1998).  Finally, it is envisaged that the system has the following properties (Kwon et al., 2003):

· It should be compact and small.

· Retrieval of large amounts of data should be fast.

· It should be easily transportable between different operating systems and computing systems.

· Data should be accessible in any location in the archive.

· Data must be easy to use and manage.

· It must require a low initial investment and have low maintenance costs
It is proposed that the system be based on four operational levels (port, shipping companies, vessel and cargo activities), each of which will provide information on the following components/ features:

· Port Operation Management

· Berth schedule management

· Customs (Import/export report, freight congestion report, export approval information)

· Port capacity and efficiency

· Accounting and billing

· Connection with other modes of transport (road, rail)

· Shipping Lines:
· Timetables 

· Price list definition

· Definition of allotment

· Booking service

· Bill of lading management and printout

· Standardisation of separate codes for each line

· Vessel Control

· Vessel arrival/departure time
· Vessel movement control
· Terminal control
· Pilot/tug boat control
· Standardisation of separate codes for each vessel
· Cargo/Transshipment Management Operation

· Cargo management, cargo loading list, cargo movement/ discharge information

· Automatic update/confirm/transmission of number list

· Automatic sorting process for import export

· Booking prospect

· Dangerous goods control

A typical operation of the system is depicted in Figure 1.

Moreover, it is proposed that information involving the guidelines with regards to electronic notifications for allowing vessel agents, operators or masters to submit their notifications to national authorities, as developed by the European Maritime Safety Agency (EMSA) in the framework of “SafeSeaNet: One stop shop concept” be incorporated in the system. The main objective of the SafeSeaNet is the application of a one-stop-shop, through e-N (electronic-notifications), which will simplify and facilitate reporting procedures and fulfill the notification requirements of (SafeSeaNet Annual Report, 2003):

· Waste and security notifications 

· Directive 2002/6/EC reporting on “Reporting facilities for ships arriving in and /or departing from ports of the Member States of the Community.

· Other possible national or international notification requirements
With respect to security, the system could be integrated with video surveillance of the port and other means of advanced technology (eg. scanners) in order to facilitate constant monitoring and verification of the identity of vessels, truck containers, rail cars, personnel, etc. It would also facilitate direct communication with the authorities with a degree of maritime responsibility, such as the Coast Guard, Customs and Immigration authorities and issue bulletins on suspicious activities.

Finally, it is also noted that there is the possibility of connecting the proposed system to other established systems in order to provide added-value services to transportation. Such systems include the GALILEO satellite navigation system, VTS (Vessel Traffic System), VTMS (Vessel Traffic Management System), VTIS (Vehicle Telematics Information Services) and VTMIS (Vessel Traffic Management and Information Services).
4.2 Evaluation Methodology

4.2.1 Associated Benefits of the system

Prior to carrying out any assessment analysis, it is worth mentioning the benefits that are believed to be associated with the particular system. Given the complexity of the supply chain, with multiple participants, there is ample opportunity to increase efficiency and reduce costs by the proposed system, which enables integration of the increasingly tighter links in the supply chain. The efficient usage of the information database in shipping and cargo distribution could provide (Kia et al, 2000):

· Transportation management, including optimising the choice of carriers based on service requirements and freight rates.

· Logistics and supply chain management, including the tracking of containers between origin and the final destination and flexible routeing, storage and distribution as necessary.

· Supply chain risk management.

· Trade and transportation documentation, including the electronic development and transfer of shipping documents, customs clearance and other regulatory requirements.
· Enhancement of security through the establishment of a paperless framework and a harmonized procedure.
Moreover, other benefits for the administrations and the users are:

· Interoperability and interconnectivity

· More effective and efficient deployment of resources 

· Correct (and often increased) revenue yield 

· Improved user compliance 

· Enhanced security 

· Increased integrity and transparency 

· Faster clearance and release times, enabling them to speed up the supply chain
4.2.2. Assessment analysis

This paragraph describes a methodology for evaluating the success, effectiveness, efficiency and completeness of the proposed information system. The proposed evaluation methodology development is based on the most updated guidelines of the European Commission in terms of evaluation of transport and telematics projects. The scope of the methodology is to ensure comprehensive evaluation results and a solid basis of qualitative and quantitative data for supporting the analysis. The assessment categories considered are the following:

· Technical analysis

· Impact analysis

· Socio-economic evaluation

· User acceptance and response
These are described in further detail below:

4.2.3 Technical Analysis

The technical analysis will determine the technical parameters of system performance. This can provide important inputs to the evaluation process but it cannot constitute alone a complete evaluation. The results from a technical evaluation may affect decisions on whether the system needs further development and can mainly be used in the impact analysis or the socio-economic analysis.  Results of laboratory or field trials or other experiments may be used as input for a technical evaluation.

4.2.4 Impact Analysis

Impact assessment is the measurement or estimation of the effects of an application, on transport efficiency, safety, environmental conditions, e.t.c., for the particular target groups likely to be affected.  An impact assessment may be based on the results of field trials, of other experiments, of calculations (modelling or simulation) and/or of a technical evaluation.  

In the impact analysis, two additional items will be included: how the protection of privacy is secured and whether the establishment of such a system will affect the competition. Regarding the first, it is evident that commercial resistive primary data might not be publicly available, unless otherwise decided by the operator. On the other hand, processed data (with no disclosure of details) as well as any other publicly available data can be made available. As for the completion, it is sure that the port and/operator that process such a system will have a competitive advantage towards the competitors. However, as long as the investment comes from the private sector, so competition laws are violated. In any cases all these issues should be tackled by the impact analysis.

4.2.5 User Acceptance

User acceptance assessment aims to estimate users’ attitudes to and perception of application(s) investigated, usually based on questionnaire surveys, interviews, etc.  The user group may involve the operators who implement and operate the system or the road operators/ companies using the service.  User acceptance is often estimated in terms of perceived benefits or “willingness-to-pay”.
4.2.6 Socio-Economic Analysis

This is based on appropriate indicators measuring the effectiveness of the new system in comparison to the existing situation, by measuring the benefits and costs of the system implication economies of scale and added value. Two types of socio-economic analysis are usually carried out, depending on the technical approach: Cost-Benefit Analysis (CBA) and Multi-Criteria Analysis (MCA). A cost-benefit analysis only addresses system impacts, which can be either directly (saving in transportation costs) or indirectly (saving in travel time), valued in monetary units.  Other impacts of the system cannot not be considered.  

In contrast to cost-benefit analysis, multicriteria analysis can deal with discretionary or intangible impacts that cannot be directly translated to monetary units.  The different criteria that are included in a multicriteria analysis can be combined to determine a single deciding value (as in cost-effectiveness analysis), or treated individually without aggregation (as in compatibility analysis). Consequently, MCA aims to assess and evaluate the impacts of an application by comparing it with a reference case or with alternatives before a large-scale implementation of the application. The different criteria that are included in a MCA can be combined to determine a single deciding value or treated individually without aggregation. 

The specific MCA that will be applied in this paper comprises of the following steps (Pearce and Nash, 1989):

· Step 1: Setting clearly the assessment objectives and their way of measurement, that is, the criteria of the multi-criteria evaluation method.

The criteria are the indicators (quantitative and qualitative) in each assessment category.

· Step 2: Weighting of the criteria. The weighting technique includes the criteria related weights (criteria will be weighted against each other). 

For the purpose of this application, the Paired Comparison Approach was chosen. This is a scaling approach (Lootsma, 1988), and it is employed in order to derive criteria weights by answering the question “is this criterion more important than the other?”. This means that the paired comparison matrix (see for example Figure 2) can be filled with zero’s (0) and one’s (1), where one represents “is more important”.

Matrix Completion: The elements Aij where i
[image: image1.wmf]¹

j will be completed in columns according to the paired comparison method- with 1 if i is more important than j or else with 0. The problem was with the elements Aij where i=j since there was no instruction given by the method. Therefore one assumption made in this part was:

Set the value 0.5 for the elements Aij where i=j

By adding these values over the column, a measure is obtained for the degree to which a criterion is important compared to all other criteria, if finally these measures are standardised, a set of criteria weights is created. For the purpose of this methodology, the following standardization equation was used:

Standardised score wi = 
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Basically each ‘raw’ score is divided by the sum of all ‘raw’ scores. This kind of transformation is especially appropriate in standardising various sets of different criterion weights; since an application of (1) implies that all those weights will then add up to unity.

A set of criteria weights was prepared, based on expertise, using the simple paired comparison matrix (Figure 2), for each assessment category. 

· Step 3: Estimation of criteria levels in physical scale. At this stage the scores (degree of performance) for each criterion are estimated, according to the data collected during trials/ interviews. Criterion scores can be derived in many different ways and can be expressed in qualitative or quantitative terms, depending on the nature of the criterion. For the quantitative criteria, the physical scale of performance is measured as a change in comparison with the reference case and not as an absolute   value. For the qualitative criteria, the physical scale of performance is measured in a “verbal” scale with 2 or more discrete points i.e. yes/no or very good/good/satisfactory/not satisfactory etc.
· Step 4: Estimation of criteria/impact levels in artificial scale: To make the various criterion scores compatible in order to facilitate their aggregation, it is necessary to transform them into one common measurement unit, for example forcing each criterion score to take values between [-1,1], by making use of the so called utility functions of the following form: 

                   +PCj/A,   
if P >0

       UCj = {  0, 
   
if P=0     

  (2)    



       

        - PCj/B,   
if P< 0

Where:

j: criterion number

Cj: criterion j

PCj: Physical (real) performance of criterion j (measured as a change in comparison with the reference case or as an absolute   value)

UCj: Artificial (after transformation) performance of criterion j

A, B: Constant variables that either depend on measurement thresholds or they are set by the relevant decision makers

The qualitative criteria scores are derived by ranking the “verbal” physical performances from the “worst “ to the “best”, and then assigning the values of artificial scale respectively from the lowest to the highest values, as in the following example:

-1
No

+1
Yes

or 

-1
   Not satisfactory 

+0,25      Satisfactory

+0.5
   Good

+1
   Very Good

· Step 5: Aggregation: Aggregate the weighted values (using criteria related weights) of each criterion. That will provide a total score of the system’s overall performance. [image: image3.wmf]j
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Weighted summation of criterion scores takes place by applying MAUT. The final score is calculated by the following equation, using the results of Steps 2 and 4:
Where:

j:          criterion number

Wj:      criterion weight

Uj:      Artificial performance of criterion j 

T.P. :  Total performance 

5. Application

In order to demonstrate the proposed methodology, an application was carried out for evaluating the information system ACCESS (Advanced Contact Centre for the Enhancement of Short Sea Shipping). The latter is a similar one-stop-stopping service system to the one proposed in this paper, and has already been implemented in some West Mediterranean Ports under the Marco Polo Initiative of the European Commission (RAM, 2005). 

5.1 Assessment Objectives

The development of this particular type of information database was carried out in order to meet a number of objectives (essentially described as benefits in the above). These would lead to intended impacts that the application of the proposed system applications should produce.  The assessment should verify these expected impacts.  A number of recognized impacts is listed below:
· Increased cost efficiency automatic transport planning and monitoring

· Improved customer service due to complete and accurate information

· Improved safety due to better knowledge of the cargo handled 

· Improved working conditions, due to paperwork reduction

· Improved market opportunities for the system providers/ user groups

· Efficient combination of new innovative and existing technologies

· Improved /secure business transactions

Assessment objectives were assigned in the four assessment categories and a set of representative indicators-criteria was assigned to each objective and category, as described in Table 1.

5.2 MCA Application Results
A MCA was carried out according to the methodology and assumptions described in the above. As the reference/base case scenario, the current situation was assumed, that is, the absence of such an information database. However, the evaluation methodologys can be carried out for a number of such systems to evaluate them in oder to select the better one. This is achieved by obtaining their respective scores and thus produce a direct comparison of their performance. 

The results of the evaluation of the proposed system in relation to existing situation are summarized in Table 2. The total score computed (0.526) was found to be above the zero value, thus indicating a positive performance of the system under consideration. 
6. Conclusion

This paper has described the current changes in the maritime freight transportation industry and, in particular, the need for an integrated communication information system to facilitate efficient logistics and supply chain management through a secure, less paperwork intensive and harmonised procedure.

The proposed information database, based on the Single Window Concept, is believed to greatly improve information dissemination along the length of the supply chain, by providing timely, accurate and reliable data. This will result to improved cost and time efficiency, interconnectivity, interoperability, transparency, and thus will enhance the competitiveness of the maritime transportation industry. Furthermore, it will improve security and safety procedures.

 An evaluation methodology was also proposed, that included four individual types of assessments.  For demonstration purposes, the methodology was applied to a similar system that has already been put into force to a number of ports in the West Mediterranean. The system scored high in the evaluation method, thus indicating that it is bound to meet its objectives.

Therefore, it is believed that this particular system will challenge the shipping community, and more specifically, the Small and Medium Enterprises, to capitalize on this new type of information sharing and hence improve business by better internal workflow and practices and collaboration with other operators. Also, application providers can find an opportunity to reach new users by integrating services into platform.

In conclusion, it is worth mentioning, the Motorways of the Sea (MoS) European Union Initiative, whose main objectives are to concentrate flows of freight on sea-based logistical routes, to improve existing maritime links and establish new viable, regular and frequent maritime links for the transport of goods between Member States, and to reduce road congestion (through modal shift) and enhance cohesion through improving access to peripheral and island regions and States.

One of the main requirements for the successful implementation of the MoS is, amongst others, the advanced information systems and transport chain monitoring. Hence, it is believed that the application of the proposed information system will facilitate the development of smoother integration of waterborne transport in the logistic chain, streamlining freight flows, facilitating an efficient exchange of information and the interoperability of the different elements and modes in the transport chain to favour inter-modal concepts, coherent traffic quality and logistic chain integration. The idea is to extend in a standardized and complete way such a new approach to all the countries participating to this initiative.
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Table 1-Assessment Categories and Related Indicators
	Assessment Category
	Assessment Objectives
	Indicators
	Criterion Number

	Testing physical functioning of the system
	Assess system efficiency
	Time required for the completion of an operation 
	C1

	
	Assess system accuracy
	No of system errors
	C2

	
	Assess system consistency
	Information continuity (data loss event)
	C3

	
	Assess system reliability
	No of systems breakdowns
	C4

	
	
	No of communication failures
	C5

	
	Assess system interconnectivity
	Degree of system integration with local systems 
	C6

	
	Assess user friendliness
	Friendliness of the systems interfaces
	C7

	
	Assess system supporting services
	Degree of required systems maintenance 
	C8

	
	Assess system need for training
	Period of personnel training
	C9

	
	Assess system accessibility
	Easiness of data retrieval queries
	C10

	Impact Analysis
	Transport efficiency
	% of shipment delivered on time
	C11

	
	
	Time required to give out required shipment information 
	C12

	
	
	Time to get the information of cargo arrival to a nodal point
	C13

	
	
	Accuracy of estimated time of cargo arrival to the next nodal point
	C14

	
	
	Accuracy of estimated time of duration of the process from the first to the last nodal point
	C15

	
	Operational Changes
	Response time to customer needs
	C16

	Socio-Economic Assessment
	Benefits
	Reduced delivery costs
	C17

	
	Employment
	Number of MM required
	C18

	
	
	Number of customer orders/ person employed
	C19

	
	Costs 
	Equipment cost- Money spend on new equipment
	C20

	
	
	Operating cost- Money spend to operate the system
	C21

	
	Market Share Growth
	% of ITU increase
	C22

	User Acceptance Analysis (willingness to pay a premium)
	Security
	Information stolen, lost
	C23

	
	Journey time
	Time gain
	C24


Table 2-ACCESS System Evaluation Scores

	Assessment Category
	Criterion Number
	Criterion Artificial Score
	Weight of Super Criterion


	Weight of

Group
	Weight of

Group Criterion
	Weight of Each Criterion
	Score per Assessment Category

	Testing physical functioning of the system
	C1
	0,25
	0.4


	0,15
	
	0,06
	0,015

	
	C2
	0,25
	
	0,2
	
	0,08
	0,02

	
	C3
	0,5
	
	0,15
	
	0,06
	0,03

	
	C4
	1
	
	0,2
	0.5
	0,04
	0,04

	
	C5
	-1
	
	
	0.5
	0,04
	-0,04

	
	C6
	-1
	
	0,1
	
	0,04
	-0,04

	
	C7
	0,25
	
	
	
	
	0

	
	C8
	1
	
	0,1
	
	0,04
	0,04

	
	C9
	0,5
	
	0,05
	
	0,02
	0,01

	
	C10
	0,5
	
	0,05
	
	0,02
	0,01

	Impact Analysis
	C11
	0,5
	0.3


	0,9
	0.3
	0,081
	0,0405

	
	C12
	1
	
	
	0.2
	0,054
	0,054

	
	C13
	1
	
	
	0.2
	0,054
	0,054

	
	C14
	1
	
	
	0.2
	0,054
	0,054

	
	C15
	0,5
	
	
	0.1
	0,027
	0,0135

	
	C16
	0,5
	
	0,1
	
	0,03
	0,015

	Socio-Economic Assessment
	C17
	0,25
	0.2


	0,4
	
	0,08
	0,02

	
	C18
	1
	
	0,2
	0.5
	0,02
	0,02

	
	C19
	1
	
	
	0.5
	0,02
	0,02

	
	C20
	1
	
	0,3
	0.4
	0,024
	0,024

	
	C21
	1
	
	
	0.6
	0,036
	0,036

	
	C22
	0,5
	
	0,1
	
	0,02
	0,01

	User Acceptance Analysis
	C23
	0,5
	0.1


	0,4
	
	0,04
	0,02

	
	C24
	1
	
	0,6
	
	0,06
	0,06

	Total Score
	0.526
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Figure 1-System Operation
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Figure 2-Pair Comparison Matrix (* Wi: Weight/ Importance of Criterion i)
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