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Abstract

Ports have traditionally made use of quantitative measures to assess their performance. While contributing towards ranking a port in the worldwide context or even classifying ports according to their size, these provide little information about the quality of the services being offered. The trends in contemporary logistics and the emerging of the new economy mean that successful ports can no longer sustain this approach. The development of agile ports or ports of the fourth generation requires that a new approach to measuring port performance is developed. Since the development of agile ports requires the implementation of a two-stage integration process, the internal and the external one, it is therefore proposed that a two-tier measurement of port performance indicators is also developed. These new port measurement indicators, besides considering quantitative aspects, will focus mainly on qualitative issues and will bring increasing visibility within the port and along the transport chain which will lead to a better integration of these logistics elements within the supply chain. Qualitative performance indicators are at the heart of lean ports and consequently of port networking. Additionally, they support the implementation of a total quality port management system thereby encouraging continuous improvements. The objective of this paper is to suggest a set of new port performance indicators that measure lean ports performance and sustain the subsequent development of agile ports. 
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1. Defining lean ports

Transport costs are relatively higher for traders in landlocked countries than in coastal countries where access to seaports is considered to be easy. Less developed countries are expected to have higher transport costs than the developed ones and a study by UNCTAD (1994) highlights this fact. Generally, transport costs for landlocked developing countries reach 16% of their imports value as against the 11% for all developing countries. Such a statement might presuppose that infrastructures in developed countries are considered to be in good order and condition. However, this is not the case since the level of infrastructure is not consistent among the developed countries, which implies that even in developed countries transport costs will vary. While at a first glance poor transport infrastructure could be the cause of such a situation, other factors contribute to this issue. Hence, it can be concluded that finding the reasons why transport costs are high in some cases and lower in others is not a straightforward one.

To reverse the trend of high transport costs, contemporary logistics practices driven by global manufacturers have put pressure on transport operators to reduce their costs while increasing the quality of transport services. To achieve this objective, it has been suggested that multimodal transport chains ought to be developed. Such a development requires the introduction of the ‘network’ concept, where a network is made up of several nodes and lines. From a transport perspective, these nodes represent transport interfaces and the lines represent the several transport legs that link one node to the other. In these nodes, several logistics operations take place, some adding value while others adding only costs and this highlights the urgent need to eliminate all the costs associated with the non-value added activities. From a handling operations perspective, the number of operations, including those incurred in the transfer of goods between the modes should be reduced. From an information viewpoint, information should be delivered only to those players that are required to have an intervention. Streamlining both flows is seen as a crucial step towards making multimodal transport chains more effective and efficient.

Marlow and Paixão (2001) suggested that ports ought to introduce agility to compete more efficiently in this highly competitive environment. This is explained by the significance of ports in the international environment; the increasing levels of competition that ports have been facing for the last couple of years; the impossibility of no longer competing on costs alone but above all on quality of transport service; the uncertainty of the future; the globalisation phenomenon; the important organisational technological and commercial evolution that is taking place in the transport sector; and the introduction of fast communication systems. Through the introduction of agility, ports can evolve from the third into the fourth generation enlarging 1999 UNCTAD fourth generation ports definition of “physically separated but linked through common operators or through a common administration”. Unlike third generation ports whose development required capital and know-how, the development of agile ports requires the efficient application of knowledge since the world where ports carry out their operations is governed by a knowledge-based economy. This capability is called change proficiency. Additionally, because the implementation of agility supports itself on the concepts of lean and just-in-time, techniques which have provided good results in a manufacturing environment, there is no reason to believe that the same results cannot be achieved in the service sector, namely the port industry.

The demand for port services is a derived demand and ports must follow logistics trends otherwise they will be left behind, especially if there are alternative transport systems which do not require cargo to pass through ports, as is the case of Europe and North America. This is of particular importance since the effect of port efficiency is an important determinant of ocean freight rates. Inefficient seaport operations represent additional inventory costs to the shippers of the goods, lower earning capacity to the port and increased operations costs to the transport operators, whichever mode is involved, with ocean transport suffering most because shipping is a capital intensive industry. It follows that agile ports, through the application of knowledge, can become providers of transport solutions. This means that ports have developed the capability to effectively control the whole transport chain by developing the extra-flexibility and capacity utilisation required by agility. Since agile ports can quickly adapt the service delivery processes associated with service-production and service development they are capable of exploiting unanticipated customer opportunities. The development of agile ports requires a completely new approach to port management; agility requires the involvement of top management from the beginning of its implementation. It is no wonder then that for ports to be classified as agile they need to be characterised by a number of features as indicated below.

Agile ports require an infrastructure of their own. This includes land infrastructure for road and rail modes, and a special port layout for entry and exit of cargoes where consideration is given to the several port infrastructure and superstructure requirements that meet trade characteristics; this is a requirement of just-in-time and lean logistics even before agility can be implemented in a port environment. Agility implies continuous research to anticipate market trends; to support this research, powerful info-structures represented by information technology/information systems (IT/IS) are required. These systems must be designed in such a way that all ports belonging to the network are constantly online, and that each port foreland is controlled via a port network communication centre for control and monitoring purposes. At the same time, ports act as information distribution centres to all the players that participate in ports’ activities towards the direction of their hinterlands. This aims at controlling all the trade routes that are developed through the port network and suggests a proactive rather than a reactive attitude. 

Since control and monitoring implies making decisions to solve any problems that may arise at any moment, all collaborators have to be able to make decisions just-in-time without having to waste the time and money of the different players involved in the organisation. This commitment extends to every port network collaborator whatever the position he/she occupies within the network. Top management is obliged to review the environment where they carry out their operations. For instance, the elimination of the rigid hierarchical organisational structures, very much represented by Taylor and Fayol philosophies, ought to be replaced by horizontal/flatter organisations. The onus for the development of agile ports falls on the human element and the intelligent application of his/her knowledge rather than on technology and capital. By introducing new working philosophies, agile ports will be capable of developing partnerships and strategic alliances; this is a consequence of the continuous market research effort that agile ports will develop to improve their performance, to continuously innovate new services, and to anticipate the unanticipated. This explains why agility becomes so crucial in a competitive environment where the traditional competition factors have ceased to play their role given the trends of contemporary logistics (Marlow and Paixão, 2001). Agile ports will be flexible, responsive, adaptable, and knowledge centres.  Agility in a port environment will help ports to enrich the customer, to co-operate to enhance competitiveness, to learn how to adapt, to influence the impact of people and information, and to work within a virtual partnership environment. Consequently, ports will be able to understand both their upstream and downstream requirements, identify product cannibalisation and substitution rates, and redesign the service range to optimise market variety in accordance with their hinterlands and forelands.

While the above reasoning may suggest that working in such an environment is simple, its implementation is much more difficult to attain. Agile ports require their operations to have been streamlined beforehand. Consequently, before a port is an agile one, it needs to have become a lean port. A lean port is one that as a business unit makes the best use of its available tangible and intangible resources and, by eliminating all sorts of waste in the physical and documentary/information processes related to the cargo and the different modes, delivers perfect customer service. This implies that lean ports are only good at things over which they have control. For that, a framework is required towards its achievement. This contributes to reduce costs at all levels, including those related to capital investments in new terminals or redeveloping port areas, since port resources are used in a more efficient way to bring quality patterns into the system. However, a lean port by itself is not able to make the best use of these achievements. It is required that a number of lean ports are brought together and develop the concept of a ‘lean port network’. This assumes that all these ports are willing to work together to achieve the desired quality levels of customer service and are willing to share information. Under the supervision of a lean port enterprise, which can be a virtual enterprise, each member will be controlled and monitored to comply with the mission, objectives, values and beliefs designed for the port network.

This environment implies that a redefinition of ports’ traditional customers, i.e. the shipping companies and the shippers, will occur and in their place inland terminals will emerge as the new port customers (the nodes); this aims at making most use of the available transport modes’ capacity given the disparate capacity between them, e.g. between a truck and a train and between a train and a ship. In this way, transport modes will be channels for conveying goods. It is suggested that ports can become the future transport operators capable of providing transport solutions once they have implemented agility, unless a shipping company or a group of shipping companies is at the heart of a lean port enterprise. Ports will be placed in a dominant position to develop core reliable services which will allow them to shape the markets they serve and to outpace their competitors in the development of new businesses that result in better price/performance ratios. The proposed lean port network under the supervision of a lean port enterprise and its corresponding customers, the inland terminals (inland clearance depots, dry ports, freight stations) can be seen in Figure 1.

Figure 1: A lean port network


Source: Authors

A lean port network will facilitate the development of relationships with inland terminals. These will result in a minimisation of costs associated with delays and wastes, a capability to respond to volatile demands caused by market uncertainty avoiding operational and logistics nightmares, development of trust and long-term relationships and reliable services, and the development of well maintained rail and road infrastructures to allow for an efficient transport and distribution system. This can help to solve the major problem of high inland transport costs as presented before and implies that a lean port network will force the use of the best adequate transport systems subject to the quantity of cargo and distances covered. Under such an environment, measuring the performance of such a network becomes a crucial issue to ensure that the system is effective and meets its objectives. The implementation of such a network requires the development of appropriate performance measures that meet the port network objectives and provide for an evaluation of the network at two different levels: the internal and the external one. These will be of interest to whoever operates door-to door transport since the aim of working in a port network is to provide an efficient transport logistic chain. Accordingly, this paper is structured in the following way: Section 2 looks at the traditional approaches to port performance. Section 3 develops two-tier port performance indicators within a lean port. Section 4 reviews the implication of new port performance indicators towards developing agile ports. Finally, Section 5 refers to conclusions and further comments. 

2. Traditional approaches to port performance 

Performance appraisal is a requirement for the development of any economic activity but the literature offers different definitions of performance. Mentzer and Konrad (1991) define performance as an investigation of effectiveness and efficiency in the accomplishment of a given activity and where the assessment is carried out in relation to how well the objectives have been met.  To achieve this objective, economic activities have to make use of the so-called performance measures or indicators. However, measuring performance is not easy because there are many performance dimensions that cannot capture particularly the extent to which customers are satisfied. Moreover, Mentzer and Konrad (1991) have identified a number of problems when establishing performance measures. 

The port industry like any other industry measures its performance. Such measurement has been focused on productivity indicators even though Bowersox and Closs (1996) suggest that logistics performance can be made against other classes of performance measures, namely, cost, customer service, asset management and quality. The port literature, while highlighting the several reasons that have contributed to this situation, also presents the adopted intra- and inter-port measurement approaches. Measuring performance at an intra-port level has been done by comparing ports’ actual throughputs with their optimum throughputs. Sachish (1996) in a study carried out on productivity functions in Israeli ports identified five ways to calculate these optimum throughputs when a port is seen as a business unit, and from these he chose the ‘engineering approach’ to measure productivity. Sachish justifies his choice by suggesting that the other four methods do not take into consideration ports’ latent potential, ports’ hinterlands have been assumed captive to the port, and port performance has been measured based on the relationship of several inputs to one output. For this reason, port performance in a worldwide context has been measured in terms of twenty-foot equivalent units (TEUs) or volume of cargo in tons moved assuming that ports are throughput maximisers and where a port’s performance level depends greatly on its efficiency in handling cargo. 

Tongzon (1995), in a study carried out on container terminal performance, suggested that attention should be paid to this information when developing a port reform aimed at improving port performance as this provides a clear distinction between port efficiency and effectiveness. Consequently, port performance indicators have been classified into two broad categories, the financial and the operational ones. Table 1 presents the traditional port performance indicators that underlie productivity and effectiveness measures as suggested by UNCTAD (1976) and that have been used as a reference point. From the definitions of each port performance indicator it can be concluded that a partial productivity approach has been used for their development, rather than a total productivity approach which, according to Prokopenko (1987), constitutes the most appropriate method to measure productivity as it involves two important variables, capital (including equipment) and labour. The concept of defining a total productivity indicator that will reflect in a single number the total productivity of the port has been suggested by Talley (1988) and Sachish (1996). However, while Talley suggested that shadow price should be used, Sachish highlights that total productivity indices require an appropriate weighting of partial productivity measures. By defining such a measure, the evaluation of port performance can be carried out at an intra-port level so far as the ranking of terminals’ effectiveness is concerned and at an inter-port level relatively to ports with a similar dimension. 

Talley having realised that the development of road and rail infrastructure would erode the traditional or captive port hinterland, proposed that ports benchmark their performance relative to the economic optimum throughput in addition to their engineering optimum throughput, even though he was aware that, unlike the latter, the former is far more difficult to calculate because the economic objective function is generally unknown. Therefore, rather than estimating economic objective functions for calculating the economic optimum throughput, Talley (1988) makes use of public transit firms’ performance indicators. To apply this approach, Talley (1994) presented criteria methodology for selecting port performance indicators that meet the use of the economic optimum throughput for evaluating port’s performance. What is interesting is that the choice variables used by Talley, in 1994 in the assessment of a public non-profit container port economic objectives, were very similar to the performance indicators being used by Australian ports after reform had taken place.

Table 1: Summary of performance indicators suggested by UNCTAD

Financial indicators 
Tonnage worked

Berth occupancy revenue per ton of cargo

Cargo handling revenue per ton of cargo

Labour expenditure

Capital equipment expenditure per ton of cargo

Contribution per ton of cargo

Total contribution

Operational indicators
Arrival late

Waiting time

Service time

Turn-around time

Tonnage per ship

Fraction of time berthed ships worked

Number of gangs employed per ship per shift

Tons per ship-hour in port

Tons per ship hour at berth

Tons per gang hours

Fraction of time gangs idle

       Source: UNCTAD (1976)

Within the context of inter-port comparison, other studies have followed. Heaver (1995) in addressing the issue of increased competition on port policy and management suggests that the port authority should intensify port vigilance on port performance through the development of a programme of performance benchmarking. While leaving a gap as to how it should be conducted, he suggested that such a programme would be a source of the latest information concerning performance issues of the most important terminals worldwide. Tongzon (1995a) attempts to improve such practice through the introduction of a quantitative and systematic approach to identifying similar ports based on the principal components analysis. Like Talley (1988) and Sachish (1996), Tongzon (1995a) also suggests the necessity of developing and using a single performance indicator that reflects the key aspects of a port operation since it would constitute a comprehensive basis for port efficiency assessment. Within this context, the Australian Productivity Commission (1998) carried out a study where it benchmarked the most important Australian ports relative to international ports. Following previous works it made use of partial performance indicators, but rather than making estimated data it used actual data and equal comparisons by using similar ships to those operating in those trades. The study found  an overall significant scope for improvement even though international performance comparisons of port-land interface operations could not be completed due to the complexities of port operations. 

Estache et al. (2002) considering a literature review of port productivity, show that even though the studies provide a deep analysis of ports performance and of the factors affecting their costs, they fail to acknowledge the need to have an analytically consistent approach to measure efficiency. Chow et al. in 1994 had already highlighted this by saying that conventional performance indicators are only incomplete measures of performance. What Estache et al. (2002) were enhancing was the need to carry out research in this area towards developing a standard analytical framework that could be used for measuring port performance on the basis of one productivity measure that represented port efficiency and allowed the ranking of ports at domestic, regional or international levels. The first attempt towards this development was made by Tongzon (1993) when he investigated the extent to which the new (revised) pricing policy had improved the level of efficiency at the Port of Melbourne, at the same time he assessed the contributions of the underlying factors on port efficiency. Tongzon presented a monthly production function whose objective was to maximize Port of Melbourne Authority berth utilization.  

The introduction of efficiency analysis into the economic literature in the 1950s led to the development of frontier methods to measure productive efficiency in the industrial sector (Murillo and Vega, 2000). While successful applications of this approach have been carried out in other service sectors and applied in other empirical performance studies as identified by Chow et al. (1994), it was only in the last decade of the 20th century that the first study using this approach was presented by Roll and Hayuth (1993). This new approach which relies on formal measures of efficiency has been making used of Data Envelopment Analysis (DEA) and econometric techniques to evaluate the efficiency of logistics practices. Based on this approach, the concept of total port productivity as a measure of inter-port efficiency, emerged during the 1990s.  Roll and Hayuth not only identified the most efficient ports out of a 20-port population but also identified the existence of two port subgroups. Following their work Tongzon (2001) applied the same non-parametric technique to a number of selected Australian and other international ports to show that, while the use of two outputs and two different DEA methodologies may lead to different conclusions concerning the evaluation of port efficiency, a port’s operational efficiency level does not depend solely on its size or its function. 

While these studies offer insight into the measures that port managers may take to improve their ports efficiency other studies, whose implication may be greater at a policy level, have been developed using econometric approaches since, according to Cullinane et al. (2002) and Estache et al. (2002), a lot of information lies beneath the results obtained and explain ports’ good or bad performances. The econometric approach has been made through the adoption of cost or production functions with the latter being favoured due to the difficulty in establishing the cost function. Despite this Coto et al. (2000), in a study carried out on Spanish ports, established a frontier cost function, and even though using a different approach from the one used by Tongzon in 2001, came to a similar conclusion regarding ports’ size. The most efficient Spanish ports were those which were smaller in size and had adopted a far more centralised management than those that showed greater management autonomy. A frontier cost function through the application of queuing theory had also been developed by Jansson and Shneerson (1982). A port ranking was also obtained by Cullinane et al. (2002) and Estache et al. (2002), even though they applied a frontier production function in their studies regarding finding a link between the degree of private sector participation and the level of productive efficiency in Asian ports and in evaluating port reforms in Mexico, respectively. Additionally, Estache et al. (2002) underlined that the efficiency measures obtained from the production frontier in the sector associated with scale economies, supply information regarding expansion of output opportunities for a given quantity of inputs and costs level. However, independently of the approach adopted (partial vs. total) it is certain that efficiency in a port environment is fundamental not only to survive in the present uncertain market but also to promote efficient transport services that are a pre-requisite to successful trading.

3. A framework for measuring lean ports

Inefficient port operations result in increased terminal charges to cope with fixed, variable and service costs so as to attain a break-even point, and any increase in port charges reflects an image of poor port performance that not only affects a port’s service delivery and its position in the market but also the port users who have to invest additional capital in their businesses to cope with such inefficiency. This applies to both shipping operators and to shippers. While shipping operators may need to introduce more ships in a trade route to make up for possible disruptions caused by port inefficiency, shippers may have to increase their inventory levels and costs due to long logistics pipelines in situations where there is an increasing need for time compression and just-in-time strategies. Poor timeliness and reliability from port operations prevent additional earnings from investments that could be made in other complementary or diversified activities. Consequently poor port performance affects the cost of importing and exporting products, which impacts on a country’s economic competitiveness.

Figure 2: Towards implementing a port total quality management system


Source: Authors

The development of a lean port, and consequently of a lean port network where a redefinition of a port’s customers takes places, becomes crucial to overcome this poor timeliness and reliability, especially when the concepts being introduced imply a continuous measure of port performance. Any form of wastes, defects and bottlenecks can be easily identified. After a port has become a lean port through the implementation of a framework based on business process redesign or just-in-time techniques, it needs feedback regarding its performance so that comparison is carried out against the results previously expected. Any deviations from the targets will imply the immediate adoption of corrective measures which, after being implemented, need to be evaluated. This process will contribute towards the development of a total quality port management system, and respond to market pressures that adopt just-in-time approaches, and is certainly a step towards achieving port certification. This process can be seen in Figure 2. 

The assumptions behind the methodology

The above discussion shows that a lean port enterprise will influence all the players’ behaviour. Further a lean port enterprise is seen as a purchaser of services, including those of port services, implying that it should adopt a supplier management strategy thereby setting targets regarding suppliers’ continuous performance improvements to attain perfect product quality, remaining a leading provider of product and process technology; practicing just-in-time production and delivery; and offering cost competitive services (Trent and Monczka, 1999). This is vital if the lean port enterprise wants to become a world-class supplier of door-to-door transport services. 

Since the concept of business process redesign is the starting point for a port to become lean, it is suggested that lean port performance measurement should adopt the value stream mapping approach even though other tools (such as the Ishikawa diagram or fishbone diagram that was used by Enarsson (1998) when investigating how suppliers regard environmental issues) can be used. Several reasons justify to this. Firstly, it constitutes the basis for the integration of the several interfaces and modes of transport as presented in Figure 1, subject to the supervision of a lean port enterprise whose purpose is to define the mission, objectives, values and beliefs that will guide all those pertaining to the port network. Secondly, the management of processes and their measurement implies that processes are only made up of activities that create value for the customer. Process management views the organisation as a system of interrelated processes that work together to serve customers because a process-oriented model can solve many problems that are hidden from a traditional functional viewpoint. Thirdly, a process approach allows all players in the network to become world-class suppliers; with reductions in lead times and cycle times of their operations, capital requirements inventory, operations and maintenance costs among other factors and a corresponding increase in quality. Fourthly, processes can be customised to meet customers needs, wants and values the context of globalisation and mass customisation. This is critical to the success of the company. This last statement accords with the customer focus emphasis presented in ISO 9001:2000 and with Sinclair and Zairi (2000) who state that the measurement of performance must be related to the process. 

Several definitions of the concept ‘process’ can be found in the literature.  A process, often defined as the way things are done, involves a number of issues such as the procedures, the tasks, the schedules, the mechanisms, the activities and the routines that occur in a sequential way (Payne, 1993), and is seen today as a large, dynamic and complex flow of materials, information and business commitments. From the view point of ISO 9001:2000, a process is a flow that makes use of its available resources (people, knowledge, machines) to transform inputs (materials and information) into outputs that have a certain market value. This value creation is a result of the activities that are performed and which are part of a particular process (Instituto Português da Qualidade, 2000). It is based on this definition and on the principles of quality management provided by ISO 9001:2000 that lean ports performance will be measured. This approach contributes to the measurement of a port’s activity performance at two different levels: the external and the internal levels. 

While the external level of performance evaluation relates to process as a whole with performance measures reflecting a customer perspective, therefore being an organisational performance measure, the internal one, a more functional and individual approach, relates to the evaluation of the measurement of performance of each node and line per se, that constitute sub-processes of the whole process and whose performance is critical to the success of the first one. The focus on both levels has to do with the level of intended improvement, the fact that managers have realised that a competitive measurement of performance in systems takes into consideration an internal and an external assessment of all value-added operations, and the characteristics of the transport chain under consideration. A transport chain is characterised by a large number of different players whose aggregated performance has to be under the supervision of one entity and the implementation of IT/IS is important to manage a dense flow of information. Therefore, the definition of a performance measurement system as suggested by Cousins and Hampson (2000) should always capture the essential nature of the business, focus its attention on long-term competitiveness rather than on short-term considerations and where performance measures are carefully designed to meet the needs of the organisation to avoid resources being allocated in a sub-optimal way.

Determining the number of processes and sub-processes 

Before a measurement of lean ports performance framework is presented, it is necessary, to determine the number of external processes in each lean port network (Figure 1), and then to identify the sub-processes that make up each process. The concept of process when translated into a transport terminology, is equivalent to a trade corridor that starts at the inland terminal where cargo is received or picked up outside the facilities of the shipper and finishes when cargo is delivered to the inland terminal located in the foreland or on the premises of the consignee, the location depending on the type of contract of transport agreed between the parties. The reason for its calculation relies on the fact that each process may affect the development of other processes causing bottlenecks at the same point along the network. For this reason the maximum number of processes within a lean port network is a function of the number of ports that are part of the network (N) and the number of inland terminals (n) times 2.

Number of processes = f [ (N , n) * 2 ]

‘Two’ represents the bilateral process since in a trade corridor cargo can be transported in two directions, and explains why coordination and synchronisation of operations must occur at these interfaces. Each process from this point onwards will be denominated as ‘multimodal process’ since the grouping of ports in a network under the supervision of a lean port enterprise put the ports in the position to control the whole transport chain. When these ‘multimodal processes’ are represented in accordance with the concepts presented by ISO 9001:2000 they are just trying to give an answer to questions concerning the markets and information that triggers the processes, the output, the resources, the controls to take into account and the activities that constitute the process as suggested by Cousins and Hampson (2000) in value stream management; their graphical representation is illustrated in Figure 3. 

Figure 3: Measuring the ‘multimodal process’


Source: Adapted from Lloyds Register Quality Assurance (2002)
Figure 3 shows that this process is measuring the effectiveness of the ‘multimodal process’, whose output is providing a door-to-door service when cargoes and respective contracts of transport for their movement have been agreed between the parties (the inputs). The choice of effectiveness (i.e. the right output, at the right time and place, at the right cost) rather than efficiency (i.e. make it faster, do it cheaper and with less waste ) as a measure of performance is explained as follows. Effectiveness meets the needs of the customer, while optimising for efficiency before a process is determined to be effective is a problem (Bytheway, 1995). Moreover, assessment of effectiveness has to be linked up with organisation’s policy and objectives for quality and at the same time quality planning which is considered to be the strength that supports the development of quality (Chandhuri and Acharya, 2000). Hence a definition of lean port controls and resources should be made to identify the sub-processes that need to be evaluated on an individual basis.

Lean port controls or lean port quality controls, following the ISO 9001:2000 definition are a group of activities that a lean port must develop to ensure that all requirements are being met; they become quality check points. These controls will monitor the whole process so as to prevent the occurrence of any wastes, bottlenecks, and defects. The following can be considered as lean port controls: ports inland and terminals effectiveness and efficiency, waterborne, road and rail transport effectiveness and efficiency, land (road and rail) infrastructure effectiveness, compliance with the international and national legislation relating to operations at interfaces, shipping, road and rail modes, in areas such as environment/pollution, safety, working procedures and instructions as defined by the lean port enterprise, customers requirements, legislation regarding multimodal transport, sea, road and rail liability regimes. 

The above description immediately focuses on the resources that are required to support the development of a ‘multimodal process’ and consequently the identification of sub-processes whose performance (effectiveness and efficiency) needs to be measured on an individual basis. These resources are: human resources (lean port enterprise), IT/IS, ports, inland terminals, waterborne transport, road transport, rail transport, road and rail infrastructure, and ancillary services such as customs. These resources comprise three broad categories of sub-processes, namely: the “interface process” comprising ports and inland terminals; the “transport operator process” comprising the waterborne, road and rail operators; and finally the “infrastructure process” comprising road and rail infrastructures. Even though each of them may require different considerations, particular to the nature of the operations they perform, the basis for measuring the performance of each of those resources belonging to the same category is the same. 

Measuring the ‘Multimodal process’ 

To measure the ‘multimodal process’ performance, it is required that the objectives of the multimodal process are identified initially since having a strategic direction is of paramount importance (Cousins and Hampson, 2000). With a trend focused on adopting a customer-oriented philosophy, it is assumed that the objectives of the lean multimodal process are to provide a reliable and seamless door-to-door transport at the lowest cost possible, providing customer satisfaction and continuously improved performance. The objective, of providing the highest quality service level without disruptions  in  a supply chain, aims at retaining existing customers since, as a general rule, it costs at least five times as much to attract a new customer as to retain an existing one (Smith, 1990), and gaining new ones as a consequence of the positive effect of word-of-mouth. This new approach is very different from the traditional one adopted by ports which, rather than handling cargo or managing terminals, provide the support for moving cargo and in so doing offer customer satisfaction. 

Based on these objectives it is proposed that a process activity mapping or a process flow chart is drawn since this tool lists every step that is involved in the manufacture of a product or the delivery of a service plus it helps to record every operation regarding distance, time, inventory and the number of operators. Additionally, it helps to identify wasteful actions and documents the process completely. The systematic record helps reveal the possible sources of quality and productivity problems as well as introducing the controls required by customers. While this is not adequate for defining the external performance indicators, due to the fact that the external measurements focus on the overall effectiveness of the system, it will be crucial in the identification of the performance measures that are proposed for measuring interfaces and transport operators’ performance. Effectiveness measurement of the multimodal process will have to be carried out by surveys, focus groups and interviews.

The authors suggest that the following measures of performance would constitute a basis for measuring the effectiveness of the multimodal process relative to the objectives set previously:

Table 2
1. Timeliness in picking up shipment and in delivering it.

2. Reliability of transit time/transport availability.

3. Responsiveness of transport suppliers in meeting customers’ requirements.

4. Adaptability of existing processes to customers’ requirements.

5. Flexibility of operations.

6. Accuracy of information regarding status of shipment.

7. Accuracy in processing information.

8. Compliance with customers’ requirements.

9. Value for money.

10. Notification of any changes in the multimodal process.

11. Level of damages in the shipment.

12. Overall transport cost

13. Lead-time to service delivery

14. Level of conflict with other processes 

15. Employee interaction with customers

Source: Authors

Measuring the sub-processes

While the above description embraces the external evaluation of the process comprising an holistic measurement of performance approach, the description of the resources required and the controls attached to them suggest that each of them be measured on an individual basis so that the efficiency of the process can be measured as well; it should be remembered that a process can be effective and be working well above its efficiency levels generating wastes as a result of over production even though the implementation of lean logistics should eliminate this possibility. Process activity mapping will be useful in determining which performance measures will be used.

Interfaces performance measurement. The implementation of the lean theory of production to ports will drive the performance of all other players in the multimodal process not only to high levels of effectiveness but also to efficient levels of operations. The lean production theory requires continuous measurement of performance to avoid any sort of wastes as identified by Bicheno (2000) and to which Prasad (1999) adds waste of information movement; if these are eliminated the resources involved can double their production (Womack and Jones, 1994). However, measuring the interface effectiveness is not enough. It is required that an inter-port and inter-inland terminal ranking regarding their efficiency is carried out. By adopting such an approach, not only a horizontal measurement of interfaces is being made but also a vertical one. This contributes to identify a number of issues.  Are all the interfaces within the port or inland terminal categories working at the same level of efficiency, given the existence of certain ‘indivisibilities, government regulations and timely physical constraints under which ports develop their activity? If not, what contributes to it? What should be done in order to promote the competition between them so that the overall performance of the process can improve even further?  This last aspect is a crucial one especially when buyers of services decide to reward their suppliers for superior performance as shown by Trent and Monckza (1999). 

While both Data Envelopment Analysis (DEA) and Stochastic Frontier Methods are available, to carry out this inter-port and inter-inland terminal ranking and to determine whether ports and inland terminals are working at the same level of efficiency, it is nevertheless suggested that DEA should be used, as proposed by Roll and Hayuth (1993) and Tongzon (2001), despite possessing both advantages and disadvantages. This is especially important when the results obtained from the analysis are to become a control measure of the multimodal process for the improvement of operations when one of the ports and the inland terminals are not complying with the requirements specified by the lean port enterprise. This choice is explained by the fact that operations have been streamlined through the introduction of lean logistics. Because lean production theory aims at eliminating all sorts of variability within a lean environment, it is assumed that no variability will occur and therefore a deterministic rather than a stochastic approach can be chosen. DEA allows the introduction of more than one output. The number of studies using a parametric approach to the port environment are few in number and at the same time they do not produce robust conclusions (Cullinane et al. 2002). Finally, DEA has also been applied to other industries, namely to components manufacturers of the aerospace industry (Forker, 1997) and in the determination of the European airports relative efficiency (Pels et al., 2001). 

However, when developing performance indicators, consideration should be given as to whether the process is an in-flow or an out-flow. An in-flow is cargo arriving by ship at the interface to be discharged and an out-flow is cargo being loaded onto a ship, departing from the interface. This will influence which factors will be used to measure effectiveness since the sequence of activities is difference. Moreover, the measures of effectiveness can be affected if the classification of processes, into normal, routine or custom suggested by Kallio et al. (2000) is adopted which requires the development of several different measures and indicators to control the output and efficiency of the process to meet the different objectives of the process or else the performance evaluation can not be done properly. Following the classification suggested by Kallio et al. Figure 4 presents an example of a normal in-flow port process from a ship to shore. Moreover, the traditional port management objectives identified by Suykens (1983) focused on maximization of throughput with the existing facilities and maximization of net profits (among others) no longer apply as they represent a measure of efficiency rather than effectiveness.

Even though at first sight the ‘ship’s discharge process’ performance indicators may suggest that they measure efficiency rather than effectiveness they constitute the basis for measuring against the standard time attributed to them when designing the processes at a physical and informational level. By combining these two levels, effectiveness can be determined on the whole and the indicator that can best measure effectiveness is overall time of cargo in port since it embraces all other measures presented between 1 and 9 (see Table 3), despite measures 11-14 helping to measure effectiveness. Additionally, measures 1 to 9 allow measurement of the effectiveness of each activity that has been developed in the port sub-process case ‘ship’s discharge’ and the identification of the activities which do not comply with ‘tkat’ time or the time considered normal to perform that activity. The same is to be applied to transport operators.

Figure 4: Measuring interfaces’ performance: the case of a port ship’s discharge


Source: Adapted from Lloyds Register Quality Assurance (2002)

Table 3
Inputs
Cargoes and transport modes (ships, trucks, trains)

Output
Delivery of goods to the hinterland

Objective
Provide a seamless movement of goods 

Reduce turnaround time of ships, trucks, and trains in port

Controls
Compliance with port procedures and working instructions

Compliance with international legislation concerning aspects such as pollution

Proper handling of dangerous goods

Clearance of goods by customs and sanitary authority

Compliance with customers’ requirements.

Resources
Human resources

Information technology/information systems 

Cargo handling equipment i.e., gantry cranes, fork-lifts, reach-stackers, straddle carriers

Quays, berths, aprons, storage or yard capacity

Dredged channels and quays

‘Port Discharge Process’ Performance Indicators
1. Ship’s waiting time to be berthed

2. Berth availability

3. Ship’s waiting time to start discharging operations

4. Handling rate of discharge operations 

5. Time waiting for cargo to be transferred from one mode to the other (time in storage and time from quay to storage)

6. Time spent in transferring cargo from storage to net mode of transport (including loading time)

7. Time spent in carrying out logistics activities required by customers that add value.

8. Time for goods to be cleared (if such is to be done at port level)

9. Time spent by cargo awaiting departure of next mode of transport (road or rail)

10. Overall time of cargo in port.

11. Annual costs incurred by the port 

12. Degree of flexibility in using resources

13. Degree of process adaptability in meeting customer requirements

14. Port costs by unit of cargo handled (TEUs if containers, tons if break-bulk or bulk cargo)

Transport modes performance measurement. An example of the measurement of transport modes’ effectiveness can be seen in Figure 5. In the analysis, certain factors that may produce variability in the sea passage, i.e. engine breakdowns and bad weather, have been taken into consideration since their occurrence can affect the costs of sea passage. These will result mainly in an increase of ship’s speed to meet the required deadlines. Likewise in the interface performance measurement, transport operators within each category should be scored and ranked regarding their efficiency. While the shipping industry has no tradition in such studies, a study carried out by Feng and Wang (2000) on performance evaluation on the five main Taiwanese domestic airlines, using the technique for order performance by similarity to ideal solution (TOPSIS) method, can be a starting point for calculating performance scores and outranking suppliers of transport services where both operational and financial performance indicators are taken into account. Besides providing an overall measure of efficiency TOPSIS, by making use of a long list of indicators, measures the efficiencies of the three main departments of airlines (production, marketing and management), allowing a comparison between the same departments of airlines. This could help to identify inefficiencies within transport operators’ departments as well.

Figure 5: Measuring transport modes’ performance: the case of a ship 


Source: Adapted from Lloyds Register Quality Assurance (2002)

Table 4
Inputs
Cargoes and Contract transport by sea

Output
Transport goods from port of origin to port of destination

Objective
Provide a reliable sea passage

Controls
Compliance with International Maritime Organisation Conventions and Codes of Practice, i.e., ISM Code, SOLAS, MARPOL 

Compliance with Classification Society rules and Regulations

Compliance with the Hague Rules 1924, Hague-Visby Rules 1968 or Hamburg Rules.

STCW Certificates 

Compliance with customers’ requirements

Compliance with port procedures and working instructions.

Resources
Human resources

Ships (type of ship according to cargo characteristics)

Information Technology/Information Systems

Cargo units if required i.e., containers, pallets or other.

‘Ship Process’ Performance Indicators
1. Ship’s time spent in route deviations

2. Time spent carrying out ship repairs due to engine breakdowns

3. Total time delays

4. Keeping track of goods on board 

5. Ship’s capacity utilisation

6. Annual cost of sea transport

7. Ship costs by unit of cargo carried (TEUs if containers, tons if break-bulk or bulk cargo) 

8. Overall transit time

9. Degree of flexibility in using ship’s resources

10. Degree of process adaptability in meeting customer requirements

11. Number of voyages performed per year

Infrastructure performance measurement.  Unlike the other processes which, besides measuring their effectiveness provide a ranking of the players the infrastructure performance focuses on those aspects that can have a direct influence on the seamless flow of trucks and trains. An examination of Figure 6 shows that the quality of infrastructure used in the present case will affect the objective of the port discharge process (delivery of goods to the hinterland). The table accompanying Figure 6 presents such measures for road infrastructure.

Figure 6: Measuring land infrastructure’ performance: the case of road infrastructure


Source: Adapted from Lloyds Register Quality Assurance (2002)

Table 5
Inputs
Cargoes, trucks and/or tractors and trailers

Output
Movement of trucks through road infrastructure

Objective
Provide a seamless movement of goods 

Reduce turnaround time of trucks in roads 

Controls
Condition of road pavement

Compliance with road construction rules and regulations

Level of maintenance

Road directness between origin and destination

Points of congestion, time of the day and respective delays in minutes

Resources
Human resources

Information technology/information systems

Road infrastructure

‘Road Infrastructure Process’ Performance Indicators
1. Delays caused by road works

2. Delays caused by congestion 

3. Easiness of entry and exit from highways

4. Design of road network

5. Interconnectivity of road networks at a national and international level

The development of the performance framework presented in this section allows the control and monitoring of the overall transport chain. This implies that every activity of the ‘multimodal process’ will be measured against standards defined when individual processes have been designed. As such, this framework is made up of two performance levels, the external and internal.  The latter provides the ranking of all network ports, inland terminals and transport operators in terms of their efficiency, besides constituting the basis for an effective and efficient way of controlling and monitoring port operations, and the consequent improvement of those operations, will put all players involved in the development of the multimodal process under pressure. It will drive transport operators to compete in terms of the quality of the service being delivered given market overcapacity. It will oblige inland terminals to develop better services as a means to obtain a better position when their efficiency scoring and ranking is determined. It will drive the ports belonging to the network towards improving their operations to achieve better quality services so that these conform to the lean port enterprise mission, objectives, beliefs and values; it will promote ports’ network competition and it will oblige the ports of the network to compete with their neighbour ports on a regional levels. Each port of the network is seen as a business unit à la Bititci et al. (1999) which has to develop services that are specific to the requirements of the market they serve, and so has to be given a degree of freedom to implement agility.

4. Implications towards developing agile ports
For the ports of the network that have implemented agility to enable them to move quickly through the new knowledge based-economy, the framework presented in §3 constitutes a sound basis for ports to transform this network into a dynamic one, especially when the definition of agile ports presented in §1 implies that such ports are transport solution providers. Having the operational side of the business under control (the efficiency), ports can concentrate on different management aspects, namely the ones concerning marketing. By providing ports with a vast range of information concerning every aspect of the multimodal process, ports are able to carry out robust market analysis. Besides, obtaining information about what their competitors are doing and how they are doing it, they can carry out a sound SWOT market analysis. This not only helps to obtain information about present customers’ services needs and wants and the quality of present services, but also enables a forecast of market future needs to be made. This information, together with the data obtained from the framework, constitutes the necessary inputs for promoting the port, on an international, regional and national basis, as a reliable gateway for moving goods. The information that ports’ users often want to know about the timeliness and reliability of port services will be made public which constitutes a strong point in retaining their existing customers and in promoting the port among potential ones. By making this information available on a regular basis, for instance every three months, ports develop a close relationship with their customers which leads to an interactive exchange of information which allow ports to be in the position of becoming knowledge-based economic activities. 

This knowledge when applied in a proficient way helps ports to overcome a number of aspects related to its management. It will help ports to decide whether to deliver multimodal routine processes, multimodal normal processes or multimodal custom processes, following the classification suggested by Kallio et al. (2000), to meet customers requirements. In the sequence of this decision, ports can see if the processes chosen can be performed by the available resources, and if not which ones need to be obtained and which level of investment is required to acquire them through organic growth or through outsourcing. In this sense, measuring flexibility performance becomes crucial for developing agile ports since the focus on the form of flexibility an organisation must acquire to remain competitive is fundamental even though several factors contribute to measuring total flexibility (Narain et al., 2000). 

It is therefore suggested that the degree of success in delivering a service successfully providing customer satisfaction could be used as a measure of total flexibility in an agile port. Likewise, the lean performance framework also promotes the identification of inflexibilities along process delivery, which also affects the operational side of process delivery and the identification of the type of flexibility they need and to what extent that flexibility is needed. In this situation, flexibility facilitates adaptation to uncertainty and constitutes the support that agility needs to provide a port with the extra-flexibility not provided by lean production. 

The information gathered about the degree of conflict between processes contributes to this analysis. This last aspect is crucial since process conflicts can affect the delivery of seamless door-to-door transport. While the focus of investment until now has been very much directed towards the technological side of the operations, it must be remembered that in an agile environment, and if the ports decide on the organic growth option, this investment concerns also the availability of human resources. It may be necessary to train and educate their workforce to develop the right skills and knowledge that help ports to develop their capabilities and core competences. Knowledge/human resources become the competitive factor, since these can only be acquired through experience and time, making it a hard-to-imitate competency. Workforce is considered a key source of agility. Agile production of services or goods is greatly dependent on both managers and workers capabilities and competencies and in them being able to learn and evolve with change (Assen, 2000). This will give ports a sustained competitive advantage.

However, if ports decide to outsource the technology required for delivering new processes, ports may have to make use of their data on transport providers and inland terminals capabilities. While the analysis of the former will focus on whether or not they have the right vehicles and or vessels to transport the cargo under consideration and their past record in doing it, the inland terminals will be evaluated on their past performance, level of technology employed, capacity levels. Moreover, attention will be given to their efficiency scoring and ranking too  to see if the terminal has potential to be used, what needs to be improved in it, should it have obtained a lower efficiency scoring and ranking. Otherwise, ports have to get involved in market research to find out new partners who are able to deliver such requirements. Ports will require the ability to put all the data together and then develop the required capabilities to respond to volatile demands caused by market uncertainty, time sensitive customers, random or seasonal demand of multimodal processes avoiding operational and logistics nightmares, or changes in trade flows given the reliability of the system. Ports will be placed in a strategic position to develop core reliable transport solutions, making it possible for them to shape the markets they serve by constantly meeting the more demanding customer needs and wants (Meier et al., 1998) and certainly to outpace their competitors in the development of new businesses that will result in better price/performance ratios. Ports can tailor their offerings to match segments’ demands since they put customer service ahead of low cost. This is particular important since service quality is not something that everyone does well (Rapert and Wren, 1998). Ports will be able to identify which ports’ best practices should be adopted and in which processes they should implement those best practices to drive agile ports to becoming more agile. This means an increase in ports’ profitability since, with the same or with additional resources, ports are able to deliver a wider range of services by making use of the economies of scale and fitness offered by these operations. 

Last but not least, it will drive port management to measure its performance to establish how knowledge has been applied in an effective and efficient way. Identifying which managing departments within an organisation affect the overall performance of port management is important so that corrective measures are implemented and the circle of the total quality management system is completed. Management performance indicators together with operational indicators can provide data on the cycle times when ports are required to be responsive in the design or adaptation of new processes to meet specific transport requirements. This is particularly crucial in an industry that delivers a product with a high degree of intangibility and is the reason why ports should measure their management performance to bring some degree of tangibility. Moreover, measuring port management allows a port to measure its capability since it is this that will keep a port one step ahead of its competitors. Following Bititci et al. (1999) ports can compete efficiently and effectively in the markets where they operate so as to meet the direction and the objectives of the overall business.

5. Conclusions and further comments
The paper presented a port performance theoretical framework for measuring lean ports. To achieve this, the paper has looked at the concepts of agile and lean ports. A review of the literature concerning ports performance at intra and inter-port levels was carried out. This review besides giving an insight into the problems that are associated with performance measurement, revealed the existence of studies which try to calculate a total port performance indicator, and which can be particularly useful in the development of the present framework. The framework presented is based on the concept of process. This process, identified here as ‘multimodal process’, leads to the identification of sub-processes that must be measured on an individual basis and which contribute to the effectiveness of the ‘multimodal process’ as a whole. As such, three sub-processes have been identified: the interface process, the transport operators’ process and the land infrastructure process. All of these concentrate on measuring effectiveness since the adoption of a lean logistics approach suggests that these sub-processes are working at their highest levels of efficiency. The implications regarding the development of agile ports were analysed. Of these, it is worthwhile to strengthen the use of performance measures to evaluate the responsiveness of the agile port in adapting old processes or designing new ones. While the paper presents a sustained theoretical framework to be applied to ports, its lack of implementation in the real world constitutes a weakness. It is therefore suggested that further work should be carried out in this area. 
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