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1 Introduction

The aim of this research was to provide an overview of the literature which may help the consortium in composing effective and efficient (packages of) policy measures, whereby an application is made for the Port of Antwerp. These measures can have an economic, physical or regulatory character. 

In this part of this research, a review is made of literature and references which deal with the effects of certain measures. Effects analysis can be partial as well as overall.

The gaps remaining after this literature review will have to be filled during the case study with the results obtained there in terms of new data and relationships.  

A logical order of showing priorities in actions to be taken is to start with an analysis of problems and bottlenecks, which requires measures to find the most urgent domains for action in terms of required improvements to capacity management. Then, it has to be considered by what these bottlenecks can best be changed into better working areas. Finally, it has to be considered what policy instrument(-s) provide(-s) the best results. This three-step methodology is confirmed by Yahalom (2002), and it is also used as a structuring line through the literature review. 

In this respect, the structure of the sea case study differs from the structure used for the other case studies performed within this research. As the sea and port sector each involve a multitude of actors, as will be shown further in this report, each applying a large number of indicators for evaluating the status of the business they are in, and moreover observing that these indicators change over time, it was deemed of little practical use to work on an instrument-by instrument basis. Rather, it was indicated what the important indicators are over all actors involved, how effects of possible instruments can be measured, and finally which are suitable instruments. 

In this literature review, attention is first paid to references dealing with port problems to which economic, physical as well as regulatory measures can be a solution. In the next section, the search that was done for port literature is repeated for the maritime context. We define the port to be the entire zone between the maritime entrance on sea-side and the gate on the hinterland-side. The maritime context involves all transport at sea, so excluding all activities within the port. 

From what we observe in practice, it should be clear that there are elements of the maritime and port transport chain that are up to some policy action. A first illustration of this is the ever faster change in market structure which is characterizing the sector. Possibilities for economies of scale and scope are fully exploited (through all kinds of horizontal and vertical co-operation or integration) as soon as they emerge or are discovered. In this process, different port organisational structures (including tariff decisions) can be a barrier creating monopoly power (which contrasts to the European Commission’s competition policy) but in other cases obstructing quick adaptation to market trends (which is often required in order to be able to remain into business). The fact itself that the sector is changing so rapidly shows that an equilibrium point is far from reached. 

The fact that acute and severe but also chronic problems arise in maritime and port operations constitutes a second illustration of the need for policy intervention. Take e.g. the case of some recent accidents at sea, causing not only direct damage to cargo and crew, but also creating (and in nearly all cases without any doubt involving a multitude of the monetary expenses) huge external effects in terms of waiting times for other ships (with the Tricolor-accident as an example) or in terms of environmental damage (with the Prestige and Erika-cases in mind). An example from the port sector are the recent strikes by European port workers against the proposed European Port Package (European Commission, 2001), impacting heavily on their salaries and statute in certain countries. As these strikes were often organised on a country-by-country basis, port companies were not only unhappy with the fact that their operations were blocked as such, but especially with the fact that they saw some of their traffic diverted to neighbouring (and competing) ports (in nearby countries where no strike was going on). They feared that such diversions could cause irreversible damage to their competitive position. 

Thirdly, also the large amount of policy steps already taken, and the wide debate and discussion rounds they raise (asking either for more or less policy intervention), shows that some maritime and port problems are yet to be solved. We can refer here to pollution at sea, where since 1978 a set of actions have already been taken, which got framed into a policy from 1993 onwards. But the Erika accident showed that more regulation was needed, which ensued after a community-wide debate through two packages of measures. Nevertheless, those could not prevent the Prestige-accident. So a proposal and eventually further regulatory action came up. The same reasoning applies to short sea shipping: at consecutive points in time, measures promoting short sea shipping were taken. But as policy-makers observed that those measures did not result in the desired modal shift, more measures were taken. At present, the short sea share in total community traffic is still not satisfying, so that further thinking for more incentives towards the use of short sea shipping is going on.  

As a practical note for reading, we add that underlined items indicate impact indicators, italic items indicate influencing variables or parameters, and bold items indicate policy instruments.

2 Port-related instruments

2.1 Indicators

According to Bushey (2003), the port community consists of: (i) carriers, (ii) terminal operators, (iii) forwarders / brokers, (iv) customs, (v) shippers / consignees, (vi) truckers, (vii) depots / security yards, (viii) harbour pilots, (ix) port authorities. For each of these parties, we have to check all influence from one or more policy measures. These measures can be targeted on one or several of the subsystems of the port system, as stated by United Nations (2001). These in general comprise facilities (breakwaters, quays, …) and services (transit of ships and transfer of passengers and commodities from and to hinterland modes. More specifically, the following activities take place: (i) ship arrival/departure (which requires navigational aids, approach channels, pilotage from outside the port, locks, protected waters, port pilotage, towage, and berthing and unberthing), (ii) quayside operations (comprising opening/closing of hatches, breaking out / stowage, and cargo handling), (iii) cargo/container transfer to/from quay, and (iv) cargo arrival / departure. Jansson and Shneerson (1982) break up port activities into seven units (ship mooring, ship unloading, storage transport, storage, hinterland loading transport, hinterland loading, hinterland transport). They state that the ineffectiveness of one element has implications on other elements’ working. Yahalom (2002) distinguishes among three sub-systems: (i) sea to shore transfer, (ii) yard handling and interchange, and (iii) intermodal gate interchange. Throughout these systems, mainly the following activities are performed: (i) vessel (un-)loading, (ii) yard handling and storage, (iii) inspections, (iv) gate processing, (v) cargo documentation, (vi) communication. 

Similar activities are performed with respect to passengers. Additionally, ports can perform a number of activities supporting ships and cargo. For ships, these are radar surveillance and traffic management; water, telephone, stores and fuel provision; police and security provision, repairs, fire-fighting, waste disposal; and medical services. For cargo, these are warehousing, security, weighing, lighterage, and rent of equipment. 

According to Meyrick and Associates and Tasman Asia Pacific (1998), port performance is one possible indicator of a port’s competitiveness. It is dependent on (i) scale of operation, (ii) composition of cargo, (iii) geography, and (iv) navigational challenges. Other factors like e.g. technical efficiency are not mentioned here. 
For shipping companies, costs, time and reliability are of crucial importance (Meersman et al. (2002)). Daganzo (1990) refers to turnaround time, just like Murty et al. (2003) and Bae (2000). But these factors are in turn determined by other factors. Time e.g. is linked to speed and productivity, and also to hinterland connections, available liner services and frequency. Also Yahalom (2002) mentions hinterland access. All of these depend on vessel type (of which vessel technology is part, according to Tovar et al. (2003)), commodity type, terminal type (with terminal technology a part of it, according to Tovar (2003)), packaging, etc. Speed is determined by flexibility of labour (amount of labour as such is not mentioned explicitly), amount of capital goods (according to Murty et al. (2003) determined by crane assignment strategy), presence of multimodal facilities, degree of specialisation or diversification. Williamson (1976) adds berth throughput. According to Meyrick and Associates and Tasman Asia Pacific (1998), timeliness and reliability is important for shipowners, extremely even for container operators: average time needed to work (fixed) number of boxes, average delay per ship call, and proportion of ships delayed are possible indicators to express this. Robinson (2003) states that crane performance per hour is influenced by a variety of factors including hatch removal, trolley travel distance, the number of bays being worked and the proximity of boxes in the ship bay. Port charges are dependent on (i) approaches to the role of port authorities (financial self-sufficiency, government contributions to port development, taxation and dividend policies) and (ii) charge structure and incidence. Pilotage charges can be high due to pilotage distance, navigational hazards and ratio of ship calls. Towage charges can be high due to low utilization due to low ratio of ship calls. Yahalom (2002) adds that also shipping companies’ own behaviour (through e.g. mergers and acquisitions) influences charge level (through pressure that can be exerted). Some variables are hard to quantify, and if they are, data are not always consistent. Moreover, policy measures which influence these variables do not work everywhere and under all conditions. 

It is clear that analysing impacts on productivity is not an easy task. Meersman et al. (2002) consider measurement of productivity, and this from different perspectives: (i) the stevedore, (ii) the shipping line and (iii) the port authority. Heaver et al. (2000) besides these also consider (iv) hinterland transporters, (v) shippers and (vi) shipping agents. Peston and Rees (1971) split up (v) into (a) the manufacturer or ultimate sender, (b) the marketing or shipping manager, and (c) the forwarding agent. They add (vii) container operators and (viii) the consignee or ultimate receiver. Yahalom (2002) adds (ix) unions. Peston and Rees (1971) add some remarks on this structure though. First of all, there is a great deal of vertical integration within the sector, which makes that some of these parties are integrated into one actor (e.g. the growing trend of shipping companies getting involved into terminal operations, or cargo handling companies performing hinterland transport and/or logistics in the meantime). Secondly, port authorities do not have the same scope of influence everywhere (the two extremes are land lord ports on the one hand and operating ports on the other hand). Thirdly, decisions may be taken at a decentralized or centralized level. An important note also is that the ultimate users of a port are the shippers, whereas the shipping companies are intermediate but direct users of the port. Nevertheless, UNCTAD (1985) states that the port planner should consider the port problem in the context of the entire transport chain of which it is part. Meersman et al. (2001) confirm this by reviewing the different objectives of the main port partners. 

For the stevedore, productivity is measured by number of vessels and cargo handled, the cargo handling rate, containers handled per crane, units (containers are the most extreme form of unit loads) per man/shift, number of employees and average hours worked per week. Number of employees required is in turn determined by terminal and vessel technology, according to Tovar et al. (2003). Overton et al. (2001) illustrates this for crane automation, which brings the need with it for sufficient, well-trained people. Forgeaud (2000) generalizes into number of calls per berth and per year, and number, volume or weight of containers per gang or crane per year, day, hour or call. Meyrick and Associates and Tasman Asia Pacific (1998) add annual lifts per employee (which is the same as White’s (2003) moves) as a productivity indicator. Their net crane rate is the same as Meersman’s et al. (2002) containers handled per crane, and also the container crane rate mentioned in Murty et al. (2003). Robinson (1999) distinguishes between terminal and berth throughput density, and adds container storage dwell time. Williamson (1976) renames berth throughput density as berth occupancy. De Monie (1976) comes broadly to the same indicators. UNCTAD (1985) adds number of gangs allocated per ship. Bushey (2002), reveals these terminal productivity issues: (i) capacity, (ii) congestion, (iii) equipment utilization, (iv) intermodal operations, (v) air quality, (vi) security, of which (ii), (iv), (v) and (vi) were not mentioned by the previous authors.  Air quality and security are to be understood as influencing social and private acceptability of a terminal’s operatons. Murty et al. (2003) state that congestion is composed of external as well as internal congestion. As a measure for internal congestion, they propose average waiting time of internal vehicles queuing to be served. Also waiting time of container cranes is a good measure. The terminal operator’s assets, as defined by Bushey (2002), are: land, people and equipment. The shipping line is assumed to prefer non-productive time elimination: waiting times before locks and berths. The port authority measures productivity through facility utilisation, tonnage handled and queuing. Daganzo (1990) also refers to throughput (tonnage handled). Murty et al. (2003) refer to hinterland modes, who want to minimise their time required to pick up or deliver a container. White (2003) for the shipper focuses on out-bound departure delays, which comes down to waiting times. If measures come into action, the Pareto-optimal condition requires that none of the parties gets worse off while at least one gets better. 

According to Yahalom (2002), “The terminal operator's productivity and efficiency are critical for carriers to realize the economic benefits the new mega-ships provide” (compare e.g. costs and revenues related to 8,000 TEU (Twenty Foot Equivalent unit) ships compared to 4,500 TEU ships). 
Peston and Rees (1971) state that it is important for a port authority to have a clear view on and foundation for its charging structure,  since the latter is not only the basis for its further investment possibilities, but it also determines the attractiveness of its port. The charging structure has direct influence on the port user costs, which can be split up into (i) transport costs to the port (including foreign port charges), (ii) transport costs through the port, (iii) port charges, (iv) loading and unloading charges (sometimes included in (iii)), (v) storage charges (also sometimes included in (iii), (vi) wastage of the commodity in question, (vii) interest on capital involved in commodities during time from origin to destination, (viii) insurance, and (ix) agents’ charges and managerial cost. Wastage can be caused through damage, pilferage and deterioration.
Impact measures should by all means take into account (i) common regional traits, (ii) comparable operational structures, (iii) conflicting goals between parties, (iv) barriers to change, (v) data collection limitations, (vi) usefulness for investment decisions, (vii) leaving no space to misuse, and (viii) full information disclosure. Measures in general should be (i) easy to identify, (ii) replicable, (iii) comparable across activities, (iv) reliable, and (v) quantifiable. These conditions expressed by Lambert and Maring (2000) should be met in order to measure effects of economic, physical and regulatory adaptations. De Monie (1976) states it as follows: indicators must (i) show how productively facilities / resources are used so that planners can plan what extra facilities are needed, (ii) show how extensively facilities are used so that planners can plan what extra facilities are needed, (iii) show quality of service supplied to shipping company, and (iv) show quality of service supplied to shipper. One step further, these measures of course can indicate where optimization is possible. 

Important to note in Bushey’s view is that terminals serve lines in the first place, and that lines are vessel centric. Consequently, there is pressure of lines on terminals to take care of vessels. This way, terminals control land and equipment but do not control loading and unloading. Supply of cargo and therefore demand for port services is determined by the shipping lines.

2.2 Calculation Methods

It was already stated earlier that one of the main objectives for vessels is to reduce vessel time in port. Henesey et al. (2002) state that for achieving this, ‘software’ is more apt than ‘hardware’. For terminal operators, the main objective is supposed to be to keep costs per TEU/tonne low. Henesey et al. (2002) consider 4 terminal subsystems: (i) the ship-to-shore cycle, (ii) the transfer (between shore and storage area) cycle, (iii) the storage cycle, and (iv) the delivery/receipt cycle, of which (ii) and (iv) are typically most congested. About the same areas are to be found in Robinson (1999). Berth planning goal is supposed to be optimum capacity with minimum cost. Berth characteristics which one has to take into account are length, depth, equipment, handling capacity and service facilities. As for berths and equipment, UNCTAD (1985) present costs and benefits of all alternatives (in terms of pier construction, crane types used,…) available. Handling capacity is partly determined by labour (stevedoring and administrative), as stated by Jansson and Shneerson (1982). These indicators conform to the production factors mentioned by Bushey (2002). Peston and Rees (1971) add area of impounded water. Daganzo (1990) adds that not only equipment but also equipment availability (not being occupied) facilitates quick turnaround times. Equipment availability is determined among others by berth assignment strategy and crane assignment strategy applied. Tovar et al. (2003) consider terminal technology as part of equipment availability, whereas vessel technology in part determines productivity. Murty et al. (2003) consider number of internal vehicles as part of equipment. Forgeaud adds nautical access and land access. Yahalom (2002) resumes the previous elements to infrastructure in general. 

Forgeaud (2000) states that nautical access is determined by dredging and the natural (tide) time slot. Land access is determined by paving and bottlenecked access. For equipment availability, he adds maintenance as a determining factor. Yahalom (2002) sees hinterland access productivity as a function of (i) the physical and regulatory (as to the environment) characteristics mentioned by Forgeaud, but also (ii) vehicle composition and (iii) traffic stream. 

Henesey et al. (2002) set up a berth planning program, in which transactions occur between the 4 subsystems, and in which the main agents are: a ship agent, a berth agent, a yard agent, and a gate agent. They also add utility agents: a crane agent, a transtainer agent, and a transport agent. Henesey et al. (2002) apply the following system architecture: (i) allocation of incoming containers to terminal yard, (ii) dispatch of containers from terminal yard to ships, (iii) allocation of yards with containers discharged from a ship, (iv) dispatch of containers from terminal yard to hinterland transportation, and (v) reallocation of containers after final decision of berth. Each time, there is interference between several of the agents. 

Port traffic prediction is applied in Peston and Rees (2001). The authors name it a multi-dimensional phenomenon, where the quantity of traffic over time is involved, as well as the origin and destination of flows, and seasonal variations. A calculation method for determining the port user costs is presented. Special attention is paid to reliability. Its effect is said to be twofold: one the one hand it has direct effects through increased interest charges, deterioration, pilferage, lower turn-round times of ships, etc. On the other hand, adaptation costs to long-term unreliability (e.g. incorporating wider time windows, providing more capacity) are also part of it. Both parts constitute the engineering method of calculating reliability costs. Another approach is to ask port users for the amount of compensation they want in exchange for supplementary unreliability they incur. One more approach is to have ports estimate themselves what costs incurred by their users could be (accounting method). It should also be possible for ports to estimate their costs in offering services. Finally, shipping companies mostly have an excellent expertise record on costs incurred by shippers they are shipping for. 

Tariff changes do not always have the same effects here. Moreover, port user costs are often only a small part of total user costs, but nevertheless their effect can be decisive. Therefore, Peston and Rees propose to apply a two-step procedure: first measure the sensitivity of port users’ demand to changes in port user costs (through demand elasticities), and subsequently multiply with change in user costs. One should be aware that in the short run, port users may be tied to a port, whatever price change there may be. This may be caused by specialized facilities, capacity limitations, or contracts. Important to note also is that demand for ports is dependent on export or import nature of cargo. Due to technological changes, packaging may change, and therefore also the form of transport required. New technologies may therefore influence demand elasticities. 

Since Peston and Rees distinguish between several groups of port users, their analysis should split up tariff effects in effects from port authority and stevedoring companies to shipping companies and from shipping companies to shippers. Therefore, they extend their analysis to four decisions that shippers will make simultaneously: (i) to produce the commodity? (ii) to use maritime transport (and therefore ports)?, (iii) to serve certain overseas markets? (iv) to choose a specific port? As far as shipping companies are concerned, they assume that in general, these companies will automatically reflect higher port charges into their tariff structures. Conference agreements and other barriers obstruct this immediate response. 

For the relationship between port charges and demand for port services by shippers, Peston and Rees use a linear programming approach. They stress that this model is dealing with long-run responsiveness. The outcomes of the model are only valid in reality in as far as users of port services search for least cost solutions. The authors first assume that one route is using only one domestic port, t. Unit cost of shipment along a route t = ct = ft + pt , where pt is domestic port user cost, and ft = freight charge except pt. Peston and Rees discern two distinct relations: x = f(p), where x is the demand for the final good, and where p = g(pt ). Own price elasticity states that demand for the good should fall as its own price rises. This price rise depends on function g, which is determined by the relationship between pt and ct and by the importance of transport costs in total production and delivery costs. This will have to be estimated. At some value of pt , shipping companies will shift to another port. If there are no switching costs, this point will be where pt* = ct* - ft , and where ct* = cu, where route u is an alternative route. If there are switching costs, the switching point occurs at ct* = cu + s. If there is restricted capacity, the switching point occurs at ct* = cm + stm, where m is the marginal route. Return per unit of output for port users will be cm - cv - smv., where v is an intramarginal route. If one port occurs on more than one route, than switching will first occur between marginal routes m and m + 1, and in second instance between intramarginal routes. 

For the relationship between port charges and demand for the final product, they consider a cost function C(x) = x(x + T(x), where C is total cost, (x is foreign price of import, and T(x) is transport cost function of the form T(x) = (t ft xt + (t pj xj. They derive that (m= ( (pm/f(x)), where (mis the elasticity of demand for x and ( is the own elasticity of demand for x. The elasticity of port demand varies proportionally with own elasticity of demand for x, factor of proportionality being the ratio of port’s costs to price and marginal costs. This is valid only in competitive product markets. In monopolistic markets, the equilibrium becomes (m= (/2 (pm/f(x)). 

As to the information required for their analysis, Peston and Rees refer to the various port actors they distinguish. Port authorities are assumed to have information on quantitative throughput and user charges, as well as on waiting times and origin and destination of the commodities. We should watch out though with their data on origins and destinations, since these may be intermediate locations for the shipping lines , and not the ultimate origins and destinations of the commodities. With waiting times too, there can be a problem: port authorities may have data of waiting times inside ports, but not on what happens before arriving or after leaving. 

The port traffic simulation method (schematically) presented in Meersman et al. (1997), as well as their reference to earlier publications which tried to forecast port (range) traffic are useful in setting up a system for predicting future attractiveness of a port (range, like e.g. the Hamburg-Le Havre range). Use is made of generalised costs. Through economic but also physical and regulatory measures, one can influence these generalised costs, and this way increase or decrease a port’s traffic. A problem may be to find quite easily comparable (over time and between ports) data. A further problem: not all measures can be applied in all ports. Applicability may depend on port organisational form, especially for economic measures: direct price influence (public and operating ports) vs. indirect price influence (autonomous, private or corporate and limited operating or land lord ports). Cost changes can be easily realised, especially through economic measures. More parties but less quantification is found in Heaver et al. (2000), where the possible effects of market influences on port competition are analysed. A similar forecasting analysis is presented by UNCTAD (2001) and in Meersman et al. (2002).

The effects of introducing user and service charges are (qualitatively) analysed in Bennathan and Walters (1979). This is done through elasticities of demand, like also did Peston and Rees (1971). This way, the cost of changing tariffs can be calculated, as far as the economic measures are concerned. Costs and benefits of a change in congestion (through physical measures) can as well be evaluated. Just like in Meersman et al. (1997), the effects on competition among ports can be calculated. Crucial are the different tariffs required for different target groups. Multi-part tariffs are also preferable to single-part tariffs, since the former reflect best the composed cost structure. This cost structure moreover should be the base of charges. Just like with Meersman et al. (1997), direct price influence (like in public (directed by a public entity) and operating ports) is not always possible. The government’s possibilities are sometimes limited to indirect price influence (in autonomous, private or corporate and limited operating or land lord ports).

Gambardella and Rizzoli (2000) offer an overview of simulation techniques existing and applied for the different terminal elements. A problem with translating results to operational decisions, according to both authors, is the difference in time scale which applies to the various elements: yard area use is planned weeks ahead, berth and resource allocation are planned a few days in advance, for stowage plans this is done a few hours before the ship arrives, and while loading and unloading list are composed minutes before operations start, and often even in real time. 

Daganzo (1990) models how crane availability determines crane productivity. This is done for single-purpose and multi-purpose terminals (in the latter case, some ships need no equipment). The conclusions are extended for single-purpose terminals where ships have a different number of holds (activities to be performed). The link with profitability is made (supposing that a yearly marginal profit rate per unit of productivity can be assigned). 

Chen (2001) finds out that land utilisation (land productivity) does not influence number of unproductive moves as much as storage capacity (receipt strategy). Number of unproductive moves is also mentioned in Murty et al. (2003) and Robinson (2003), and it includes mostly empty moves. 

Murty et al. (2003) determine (storage block) productivity as a function of storage block height, which in turn is determined by equipment: RTGC (Rubber Tired Gantry Cranes) or RMGC (Rail Mounted Gantry Cranes). Storage height is higher with RMGC, but also time required, complexity of operations and equipment cost involved is more elevated. Port traffic stream is determined by containers unloaded and stored, containers unstored and loaded, containers picked up by external customers, and containers received from external customers and stored. 

Jara-Díaz et al. (1997) estimate cost functions for ports doing infrastructure provision as well as cargo handling (which is a very specific type of port organisation). This is considered to constitute the multi-output character. Marginal costs are calculated for various ports starting from their situation.

Daganzo (1990) also shows how crane assignment strategies can determine queuing and therefore also waiting times. For different strategies, it is demonstrated what is the number of ships processed in the system, and taking account of the number of ships arriving, the waiting line can be calculated. 

Böse et al. (2002) concentrates on terminal vehicle assignment strategies, and uses the results of a heuristic run to compare outcomes of the different strategies. A similar methodology is adopted by Bae (2000). 

Ward (1999) refers to a general terminal simulation instrument. Modern simulation models allow a multitude of input variations with respect to (i) terminal layout (flexible layout, including location, dimensions and orientation of storage blocks, wharfs, gates, rail yards and buildings), (ii) storage modes (all modes using all possible handling equipment), (iii) traffic layout (traffic control and automatic delay calculation and adaptation), (iv) mixed operations (stevedoring, gate, intermodal and inter-storage simultaneously), (v) loading specification, (vi) equipment performance specification, (vii) equipment assignment, and (viii) text and animated output. Mastrolilli (2000) develop a similar terminal simulation instrument, where especially allocation of resources and creation of loading / unloading list strategies can be evaluated. A module for resource allocation simulation was developed earlier by Gambardella et al. (1998). 

Huang, et al. (2001), make use of queuing theory and simulation models to show how changes in port and ship characteristics cause changes in queues. For the queuing model, ship features include (i) arrival rate, (ii) ship cost at port per unit of time, (iii) cargo cost per unit of time, (iv) average volume of ships at port, and (v) average ship waiting time at port. (ii) and (iii) are assumed to influence waiting time only to the sense that they imply priority rules. (v) is assumed to be the output of the model. UNCTAD (1985) adds that traffic will depend upon (i) introduction of a new shipping service or additional chartered vessels, (ii) a gradual trend towards larger shiploads in an existing service, (iii) more frequent calls by an existing service, and (iv) exceptional calls. Port features include (i) port building cost per unit of time, (ii) berth building cost per unit of time, (iii) port operational cost per unit of time, (iv) berth operational cost per unit of time, (v) crane operational cost per unit of time, (vi) yard cost per unit of time, (vii) berth utility, (viii) average service time, (ix) average crane number, (x) number of berths, and (xi) average cargo relay time. (vii) and (xi) are assumed to be the outputs of the model. A similar model is developed by Jansson and Shneerson (1982), and this for both a single berth and for a multi-berth situation. They observe that there are economies of scale in port size. For the simulation, inputs are (i) factor  of safe length (so that no collisions occur), (ii) factor of ship character (volume and length), (iii) factor of time (arrival interval time, port closure time, navigation and check time, and loading time), (iv) berth assignment strategy (random or smallest first), (v) service type (priority, first come first served, max-sized ship first, middle-sized ship first, small-sized ship first, order of size). Outputs are waiting time, service time, and utility of berth. The impact on queuing of specific policy measures (building a new terminal, building a tunnel under a maritime access way, pilotage policy changes, and lock renovation) has been simulated by Thiers (1998). UNCTAD (1985) states that a berth occupancy rate of 75% is usually the optimal intermediary between investment costs and waiting costs. 
White (2003) views the external effects on transport actors of queuing caused by security measures (e.g. requirements to scan a certain percentage of containers). He states that uncertainty causes the need for more security, which causes delays having a double effect: (i) from a management point of view: more safety stock is required, which implies a move away from JIT, and (ii) as far as design of supply chains is concerned: less cross-border transport will occur, which means a move away from globalization and no full exploitation of economies of specialization. White makes no calculation of effects himself, but refers to the American automobile sector, where border-crossing times for trucks hauling auto parts between Canadian suppliers and US assemblers have gone from 15-20 minutes to 3-8 hours since the measures introduced after September 11th, 2001. He refers to Fortune, who estimate yearly external costs of measures on account of the transport sector to be 150 billion USD. 

White (2003) uses simulation techniques to find answers to the following questions at different levels, given that a certain form of inspection is required: (i) operational: how to process containers to minimize criterion of interest (see impact indicators in first section)?; (ii) strategic: what is upper bound of percentage of containers inspected so as to minimize criterion of interest (waiting time, extra cost,…)?, and (iii) policy: what is value of knowing what containers are to be inspected before docking, while unloading and after unloading? He makes an exemplary simulation for a minimization of the number of extra container moves. His positive general conclusions are that: (i) average number of moves goes up linearly, slope not steep; (ii) actual cost less than increase in container moves due to economies of scale and set-up costs; (iii) variability in number of moves is low, but on the negative side (iv) variability in out-bound departure times is high, (v) consequently variability in equipment utilization is high, and (vi) when inspection instructions come is important. 

Robinson (2003) presents some techniques which diminish the negative effects of security measures, of which scanning while unloading is one. The author also states that the trend towards larger quay cranes implies costs in terms of longer ropes (causing more sway) and the driver being further away (making precision more difficult and this way reducing operating speed). 

Dekker (2001) states that large-scale investment projects like ports provide (i) basic services to households and industries, (ii) key inputs to the economy, and (iii) crucial inputs to growth. On the other hand, it demands financial resources and space. According to Yahalom (2002), need for investments is also determined by (i) economic growth (global trade volume), (ii) changing trade patterns, A rough calculation is made for the Maasvlakte 2 project in the Netherlands, which was meant to expand the Port of Rotterdam.  Tovar et al. (2003) confirm the importance of ports for export competitiveness and import final prices. UNCTAD (1985) comes to about the same set of macro-economic indicators. 

Through the previous models, we should be able to answer aggregate questions (like the ones of the previous paragraph concerning regional and local economic impact), as well as problems at a very disaggregate level, like the questions raised by Yahalom (2002): (i) what types of roadways or facilities are needed to accommodate a given level of vehicle flow? (ii) what lane and road configurations are required to meet both current and future demand based on the projected growth patterns? (iii) what is the possible use of information technology in managing the traffic flow and changes in flow pattern at the entrances so as to ease the flow of traffic, (iv) what should gate hours be, (v) ? Also the terminal layout questions raised by Ward (1999) can be answered, and there is room for sensitivity analyses. Ward e.g. observed that in the case of Pusan, (i) longer storage blocks increased storage capacity but decreased throughput capacity, (ii) multi-trailer trucks were ineffective, and (iii) perpendicular storage blocks increased congestion and therefore brought down terminal productivity. 
A set of references calculates the economic effects of queuing in terms of waiting times (which can quite easily be translated into costs). Glaister (1981) starts from values for arrival rate, service time and traffic intensity. Daganzo (1990) adds tugboat availability and landside congestion. Forgeaud, just like Murty et al. (2003) adds weather conditions. Arrival rate is assumed to be Poisson distributed in a port context, whereas service time is negative exponentially distributed. A similar approach is proposed by Forgeaud (2000). In a port context, one can apply this to the maritime entrance (if present), locks (if present), berths and the hinterland gate. Influences can there be assumed to be felt by shippers (and industrial companies), shipping companies, terminal operators and hinterland transport companies as far as entrance, locks and berths are concerned, and on hinterland transport companies alone for the hinterland gate. Dhingra et al. (2001) make a simulation model for the Panama canal, which could to a certain extent be compared to the maritime entrance of a port. Data needed seems feasible to obtain. Their application could be used for searching for a situation where queuing costs are minimal. Doing this will alter a port’s competitive position. The question what actions are needed for this, is not answered with this simulation. 

De Monie (1976b) proposes two methods to measure bottleneck problems: (i) with a basic method, simply showing the relevant elements with their capacity within the chain, and (ii) with a simulation method. 

Kockelman (2002) states that congestion has a myriad of effects. Although the analysis is made for automobile transport, many of the consequences are transferable to maritime transport. E.g., waiting times mean added fuel use (and this way on transport costs in and through the port), more emissions (and this way more air pollution and thus external costs), more expensive goods (through higher interest costs), and increased accident rate (frequency of accidents, with direct influence on shipper’s cost (through wastage) and on shipping company cost (through capital goods damage), and indirect influence on shipping company and terminal operating company cost (through idle time, and eventually loss of customers)). As to the quantification of congestion, Kockelman refers to a formula for calculating delay costs through travel time calculation (as a function of demand, free flow and practical capacity, formula developed by Bureau of Public Roads), but the latter formula is hard to apply in a maritime freight context. Yahalom (2002) makes use of the engineering approach for calculating waiting cost, opportunity cost and other queuing costs. Also Nagurney (2002) refers to environmental and congestion effects of demand overriding supply. 

Lu and Watanabe (2001) add a point to external effects in terms of air pollution: they define a sustainable port productivity index, where normal productivity is corrected for its environmental friendliness. Using one technology as opposed to a different one can yield the same ‘traditional’ productivity, but can have entirely different outcomes in terms of environmental damage. Nagurney (2002) applies this to supply-side solutions to externalities: new technologies and infrastructure design should remedy here. On the demand side, Nagurney suggests mode switching, marginal cost pricing, emissions pricing, and tradable pollution permits. This is preferable above regulatory measures.
2.3 Instruments

Heggie (1974) stresses the need for efficient port pricing, which should obey the following rules:  (i) it should maximize social profitability, (ii) it should optimize short-run use of means, and (iii) it should determine efficient long-term investment needs. United Nations (2001) resume the previous requirements port pricing in general should fulfill in two objectives (i) recover operational costs, (ii) promote efficient utilization of port assets, and add (iii) render a fair share of benefits to the national economy. Port pricing should be measured so that it not only measures social profitability (obtained through the previous three instruments), but also encourages its maximization and provides information on how to do this. In summary, only pricing based on social opportunity costs fulfills all three conditions. Pricing should not be used for income redistribution, controlling inflation, making national unity stronger, or opening up foreign markets, like is often observed in practice. 

The principle of cost-based pricing should be linked to port users’ ability to pay. This way, one covers (i) immediately escapable costs, (ii) joint costs, (iii) common costs, (iv) inescapable costs, (v) social costs. Port charges generally consist of dues on vessels (harbour and quay dues) and dues on goods. As such, this is not bad. But Heggie develops some rules for implementing correct calculations of these dues. United Nations (2001) repeat exactly Heggie’s methodology for setting dues. 

As far as vessel dues are concerned, to cover escapable costs which do not vary with ship size, a fixed charge applies. This is true especially for use of tugs and pilotage. For escapable costs varying with size, a due related to g.r.t. (gross registered tonnage) or other indicators (length, beam, draft) applies. The choice depends on the nature of costs. N.r.t. (net registered tonnage) is also a possibility, and to be entirely consistent, ships should be classified into types. For joint and inescapable expenses, the basis should be the ability to pay. Common costs are more difficult, in that some (like maintenance of quays of transit sheds) are independent from actual usage. Others depend to a certain extent on this usage. Therefore, a mixture of size of ship, duration of service, and ability to pay should determine the charge in place. Meyrick (2002) mentions the same categories for basing charging structures on, be it without defining under what conditions what variable should be used. He adds deadweight tonnage. 

Heggie splits up vessel dues into a number of cost places. Infrastructure charges for breakwaters, navigation lights, and sunk capital dredging are independent of actual use, and therefore can best be assigned according to ships’ n.r.t. New capital dredging can be assigned according to g.r.t., length, beam or draft. This is contrary to the view of Meyrick, who states that small and large vessels should contribute to the same extent, since as far as number of vessels are concerned, the latter are in majority. Quay dues should be levied taking into account amortisation, through the following formula: d = (R0/V0) (1-(1+r)/1+R)/1-((1+r)/(1+R))T (1/(1+r)(1+R), with d being the due, R0 being the replacement cost of the asset in year 0, V0 being the volume of traffic in year O (n.r.t.), r the rate of growth of service provided, R the discount rate, and T the physical life of the asset. Dues on the goods are to be linked with freight or measurement ton. Cargo categories are to be distinguished here to a limited extent. Meyrick (2002) adds pricing based on value of the goods. 

Interesting from a terminology point of view is to note that United Nations (2001) distinguish between dues an tariffs. Dues are general charges for the use of all port facilities, tariffs are specific charges for the use of specific services. Like Heggie (1974) and Meyrick (2002), United Nations distinguish between dues on ships and dues on cargo. For the latter, they consider a split-up between relation to cargo weight and volume. For the former, United Nations refer to n.r.t., g.r.t. and ship length. For charges, they mention following possibilities: berth occupancy (tonnage, ship/quay length; daily), aids to navigation (ship size; fixed period or number of visits), (un-)berthing (ship size or per operation), pilotage (vessel draft, ship size, tonnage and distance), towage (ship characteristics (size) or tug characteristics (power); latter case: per operation or per unit of time), storage and warehousing (initially: free; later: based on length of stay and characteristics of area and/or cargo), cargo handling (weight or volume, by cargo type). UNCTAD (1985) distinguishes between fixed and variable costs as a basis for charges. 

Similar to Heggie’s (1974) view is Jansson and Shneerson’s approach to cost-based pricing. They state that no matter the situation, prices should be based on marginal costs. Their first intention in doing this is to solve some bottlenecks in the port where e.g. queuing occurs. But they also consider impacts on port competition. This should be done, since solving one problem (queuing) can cause one or more other problems (competitive disadvantage). Jansson and Shneerson explicitly distinguish between port charges and stevedoring charges. They suggest to optimize both separately. They also present some calculation method to calculate optimal port charges and stevedoring charges. 

Also Link (2003) conforms to marginal cost pricing, but distinguishes between short and long run. It should thereby be kept in mind that investments as well as technological evolutions have an impact on user costs. 

Dowd and Fleming (1994) confirm the need for economic pricing (marginal cost pricing - breaking-even), but they immediately add that two other pricing principles can be preferable: financial (full cost recovery – profit maximization) and public (subsidized prices - throughput maximization). Ubbels (2003) too states that different pricing strategies should be applied according to the goals desired. As to the possible goals, he adds (i) economic efficiency (marginal social cost pricing), (ii) environmental sustainability, (iii) equity, and (iv) market domination to Dowd and Fleming’s typology, depending of course on the perspective taken (public authority vs. private operator). What Dowd and Fleming (1994) called ‘subsidising’, is called ‘pursuing non-transport-related macro-economic objectives’ by Ubbels (2003). The latter can also consist of throughput maximization. Economic efficiency pricing and marginal cost pricing boil down to the same outcome in the case externalities are fully internalized. Meyrick (2003) gives advantages and disadvantages of user pays (financial), externality (marginal social cost) and marginal cost (economic) pricing, and gives a number of reasons why the first one is most widely applied in world ports: (i) investment guidance, (ii) managerial discipline, (iii) deadweight loss of taxation, (iv) fiscal rectitude, (v) competitive neutrality, and (vi) equity. In his case study for channel deepening, Meyrick comes to the conclusion that sunk capital investments do not count, and new investments should to a large extent be borne by government, as there is no private basis for recovering capital outlays here. As far as time is concerned, the author states that full cost recovery would only be allowed up to the point where the real costs committed are reimbursed. But as stated, he prefers marginal cost pricing here. 

The pricing policy is part of global port management strategy, besides planning goals and investment policy, as state Dowd and Fleming (1994). In order to see what principle applies most, three steps should be undertaken: (i) internal examination: historical cost (depreciation, maintenance, tax, terminal operations and administrative), imputed costs, ROI (Return on Investment), sensitivity analysis; (ii) external examination: consideration and negotiation; (iii) determination. 

Ubbels (2003) delineates some conditions under which first-best (social marginal cost) pricing cannot be applied: (i) imperfect competition, (ii) increasing returns to scale, indivisibilities of supply, and common costs, (iii) imperfect information, (iv) indivisibilities of demand, (v) externalities, (vi) policies in favour of equity, and (vii) other difficulties with implementing marginal cost pricing. The latter can consist of technological/practical, acceptability, institutional, legal, financial, market interaction and political constraints. United Nations (2001) mention items (i) (iv) as a constraint policy makers should take into account when developing port pricing strategies, and add (viii) natural overcapacity and (ix) low initial utilization. As a solution to these problems, a number of second-best pricing methods are presented, without exact benefit calculus though. These methods belong to the contexts of networks, heterogeneity, and sector interaction. In some cases, second-best instruments deliver only a small share of the benefits first-best measures would show, but in other cases, substantial results are obtained. Adler et al. repeat barrier (i) making marginal cost pricing implementation difficult. They detail (iii) towards cost structure knowledge for the parties concerned. And they add (x) lack of willingness from port authority’s side to collect knowledge on price effects which could cause a huge move towards other ports among shipping companies.  

Button (1979) states that although application of the marginal social opportunity cost pricing principle may be difficult, it should be applied, since there is no alternative method that yields better results in terms of economic efficiency. If one does not apply marginal social opportunity cost pricing, port authorities see queues grow or see traffic diverted to other ports, or a combination of both. Especially in the short run though, supporting measures should be taken in order to allow part or full recovery of fixed costs. Button sums up three possibilities for doing this: (i) government subsidy, (ii) discriminatory pricing, or (iii) two-part tariffs. Any government subsidy is hard to defend in the general European policy frame, whereas discriminatory pricing sometimes brings prices under the marginal cost. Therefore, only a two-part tariff seems a reasonable alternative, where marginal social opportunity cost pricing is applied for services, while infrastructure is charged for on a fixed basis. Button further defends marginal social opportunity cost pricing by showing the flexibility of the system, be it not quantitatively. Button suggest to build the system like parking charge systems for cars, and not like road charge systems. Moreover, he allows for shifting demand. 

The same guidelines are found in Walters (1976). He concentrates on marginal cost pricing as the base for all port pricing. On the one hand, Walters confirms that marginal cost pricing has an explicit effect on phenomena like congestion. On the other hand, it should be well setup, or otherwise it risks to create unwanted distortions. A good base rule here is to charge people according to their willingness to pay, however difficult this may be in terms of implementation. 

According to Talley (1994), marginal cost pricing is not always possible, or in some cases where it is feasible, it is not cost-efficient (since some cost may never be recovered). In these cases, cost-axiomatic pricing can bring a solution. Cost-axiomatic pricing is based on the following principles: cost-sharing, rescaling, consistency, positivity, and additivity. Numeric applications are made for berth and storage tariffs, whereby several scenarios are considered and examined.  

Kockelman (2002) suggests a number of tools for lessening the negative effects stemming from congestion. These can be broadly categorized into demand side and supply side instruments. On the supply-side, capacity expansion is the most cited solution. But sometimes, through natural growth, changing preferences, and substitution, extra capacity is quickly absorbed. Alternative modes are not applicable as far as maritime transport is concerned (for overseas transport, only air transport seems an alternative, although way too expensive, and for short sea shipping, land transport could be an alternative, but this goes against all current policies of promoting sea transport). Better land use of course is even less applicable, which also qualifies for managed lanes and ramp metering. Also De Monie (1976b) considers capacity expansion, but besides this he considers improvements in operational methods. Yahalom mentions gate complex expansion, as a form of capacity expansion. Murty et al. (2003) suggest container crane deployment as a way of expanding capacity and relieving vessels, terminal operators and hinterland transporters. Jansson and Shneerson define port capacity as Q = ( n ( , with ( being expected berth occupancy rate, n the number of berths, and ( expected throughput capacity per berth. Initially, berth width was expanded in most ports. Once this was impossible due to lack of space, new systems like finger piers were developed. Once these possibilities were exhausted, berth capacity was driven up. Later on, handling capacity was expanded. 

Kozlowski and Scholes (2002) focus on capacity expansion through enhancing existing systems, especially for container terminal operations. According to them, modernization drivers are: (i) equipment obsolescence (spare-parts availability, high-cost replacements, long lead times to replace or repair, diminishing technological support for aging products), (ii) equipment physical and performance limitations (limited crane outreach, lift height, performance limitations), (iii) productivity enhancements, (iv) container crane downtime reduction, (v) safety enhancements, (vi) operating cost reductions (diesel fuel and associated variable costs, utility de-regulation, utility rate structures with power-quality penalties and reactive power-demand charges).

To (i), possible solutions are drive system / control system upgrades, motor replacement, motor / generator refurbishment, power-delivery modifications. For (ii), Kozlowski and Scholes suggest crane lifts, boom-girder extensions, and drive, motor and control upgrade. For (iii), they propose crane upgrades
, yard-management integration
, crane-load sway control
, crane automation features
, chassis – straddle carrier alignment
, diagnostic systems introduction
, and container ID recognition 
. For (iv), the authors have in mind drive and control system upgrades
, diagnostic systems
, remote crane systems
, and automatic crane protection 
. (v) could be remedied by crane-to-crane anti-collision
, crane-to-ship anti-collision
, automatic steering
, tractor trailer/chassis anti-lift
, straddle carrier detection
, automatic smart slowdowns
, and fall arrest systems. For (vi) finally, Kozlowski and Scholes advise power-factor regulation, harmonic filtering, regenerative load-absorption regulation, and power system conversions. Similar solutions are proposed by UNCTAD (1985). 
Demand side solutions first of all include congestion pricing. Kockelman gives an optimal toll formula based on the BPR (Bureau of Public Roads, USA) formula, which again is hardly usable in a maritime context. But it nevertheless remains true that it drives back delays. The environmental benefits are assumed to be less pronounced for maritime than for automobile transport: reducing idling is done automatically, since unproductive moves imply high direct costs; closer destinations are hard to find in maritime transport; moreover, the incentive for shortening the maritime part for environmental reasons is low, since it is one of the cleanest transport modes. Nevertheless, a reduction in maritime transport would also imply less or a lower share in global warming, and help in improving species’ health. A valuation of emission impacts on health is made but is hard to transfer to the maritime sector. A further benefit of congestion pricing is the allocation of scarce resources to groups with the highest willingness to pay. Besides pure congestion pricing, Kockelman also mentions a credit-based pricing system (with tradable transport rights). 

Although each of the solutions generates a lot of benefits, each time costs can be involved too. Technology costs are a first type. Secondly, processing administrative data according to policy needs implies supplementary costs. Yahalom (2002) adds costs related to access channel widening and intermodal linkage adaptation. In sum, it is to be well considered where the cost-benefit ratio makes worthwhile an investment, and thus where measures are to be taken. Kockelman refers to access points to networks, which often generate most congestion, but where also drastic (and therefore expensive) measures are required in order to achieve visible benefits. 

Yahalom (2002) focuses on some regulatory or organisational recommendations. A first one is a change in gate operating hours. A second one is pick-up and delivery by appointment (also mentioned by Murty et al. (2003). A fourth one is the introduction of ICT and OCR (Optical Character Recognition) and CCR (Computer Character Recognition). A supplementary instrument suggested by Murty et al. (2003) concerns algorithmic terminal routing. The latter authors also propose optimal storage space allocation and internal vehicle assignment to container cranes. 

Meyrick and Associates and Tasman Asia Pacific (1998) suggest following policy reforms (in the Australian case, but many principles can be transferred to other ports): (i) market reform: scope for competition and equitable competition, (ii) enterprise reform: port authority function, outsourcing, statutory bodies, skill-based appointments, accountability, government practice exemption, have competition regulated by higher government, public tender for leases, time-limited and non-exclusive licences for towage, pilotage and other port services, cost-based pricing, and (iii) privatization. More information on the latter (and more specifically on modes and their consequences) is available in UNCTAD (1998)
In relation to this, UNCTAD (1985) plea for port planning at three levels: (i) national, (ii) port development, and (iii) port project. The national port authority should be responsible for investment, financial policy, tariff setting, labour policy, licensing, information and research, and legal matters. Items the national port authority should consider are (i) the role of ports, (ii) responsibility for infrastructure, (iii) land use policy, and (iv) financial policy. A typical port structure is presented.

3 Maritime-related instruments

3.1 Indicators

United Nations (2001) distinguish three forms of maritime operation: industrial transport, charter (non-liner) shipping and liner services. Operational forms and market structures determine pricing possibilities, and therefore United Nations give an overview of these. Shippers in industrial transport are mostly industrial companies wanting to ship a specific commodity they produce from a fixed point of origin to fixed destination(-s). They mostly have their own ships or at least contract them out for a longer period of time. In charter shipping, ships are chartered under a charter rate (depending on amount of cargo) or fixed rate (depending on period of time or deadweight tonnage) to sail on non-fixed routes. Liner shipping, lastly, usually serves many shippers with one full ship load, be it on a fixed route, and under payment of a charge based on volume, weight or value. In the latter case, introduction of larger ships (increasing supply) has brought down freights earned by the shipping companies, as stated by Yahalom (2002). 

Maritime transport costs comprise company overhead, vessel depreciation, vessel operating costs, voyage costs and cargo costs. Overhead costs are by definition hard to allocate to one ship, but for part of them (agency costs and storage fees), this is feasible. Operating costs include crew, repair and maintenance, insurance and stores. Voyage costs include fuel costs, port dues, and agency fees. Cargo costs are related to (un-)loading, storage and ancillary services. Payment of cargo costs depends on contract or charter type. 

3.2 Instruments

Adler et al. (2003) state that a choice is to be made between short-run and long-run marginal cost pricing. The short-run approach applies when efficient use of existing capacity is at stake, whereas the long-run approach is more apt to determine efficient long-term investments. It is stated that short-run marginal cost pricing should be used when supply adapts very slowly (like is the case for transportation), while demand shifts quickly. In case supply follows demand quickly, long-run marginal cost pricing is to be applied. 

Adler et al. (2003) delineate two possible cases of marginal cost pricing implementation: in case of free competition, a natural equilibrium will bring prices at marginal cost level, whereas under monopoly, regulation or state ownership/control should bring down prices to the competitive level. 

As far as market structure (degree of competition) is concerned, United Nations (2001) state that the charter market is highly competitive, whereas the liner shipping market tends to be oligopolistic. Adler et al. (2003) confirm this. In charter markets, shipowners – like other companies - have to cover at least variable costs, which in the long run comprise nearly all cost elements. Marginal revenue should cover marginal costs exactly to reach optimal prices, and therefore any government intervention has proven to be sub-optimal. In liner shipping, prices are usually higher than they should be under competitive conditions, and often price discrimination is applied, according to the value of the goods. Conference and cartel agreements strengthen this trend. Monopolistic pricing of course is bad from a welfare point of view, which is not valid for price discrimination in that case. Arguments in favour of a conference system state that prices would be too low for companies to survive in a competitive system. Proponents of free competition argue that this system is the only one that can bring stability in a market. This argument is valid, but nevertheless, there is a counter-argument from an equity point of view: through economies of scale, large shipping companies (mostly residing in developed countries) have such advantages that developing countries’ shipping companies have no chance of getting into competition. Therefore, regulation (anti-trust) in this field is desirable. 

Adler (2003) states that, in literature, little is said about implementation of marginal cost pricing in the maritime sector, especially when compared to the road sector. A large difference to the latter sector is that maritime transport is network-based: it uses hubs (ports) and spokes (lines). Moreover, road transport providers are atomistic, which is not true for maritime transport providers. 

It would therefore be too strict to state that the competitive model applies to service provision, whereas regulation or state ownership applies in the infrastructure provision part of the sector, as is true for road transport. Infrastructure provision has to do with the hubs (ports), but also with new connections being set up. And there, we observe scope for competition between shipping companies but also between ports. On the other hand, through conferences and consortia, operations sometimes are not competitive, as stated earlier. 

More regulatory instruments are described by Stopford (2002), who details the influence of flag state and coastal state regulation. The latter has its implications on safety measures a ship has to take when passing a certain zone. This can deal with safety of life (e.g. through the International Convention for the Safety of Life at Sea, the International Convention on Standards of Training, Certification and Watchkeeping for Seafarers, and the Code on International Safety Management), protection of the marine environment (e.g. through the International Convention for the Prevention of Pollution from Ships, the International Convention on Oil Pollution Preparedness, Response and Co-operation, the Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter). In this respect, the influence of the IMO (2003) concerning ballast water is notable. The former’s effects on shipping economics are more extensively described. Flag states impose different cost implications through (i) taxes, company law and financial law, (ii) compliance with maritime safety conventions, (iii) crewing and terms of employment, and (iv) naval protection. 

Most of the previous rules were developed at international level. However, also at the European level, a number of actions have been undertaken, sometimes in co-operation with international organisations like IMO, ILO,… We are dealing there with physical as well as regulatory measures. To the first category belong the measures for enhancing ship and port facility security (European Commission, 2002), rules concerning ship equipment (European Council, 1996), the installation of radionavigation systems (European Council, 1992), the (accelerated) phasing-in of double-hull ships (European Council and Parliament, 2003 and 2002c), the introduction of ship monitoring systems (European Council and Parliament, 2002), the establishment of a European Maritime Safety Agency (European Council and Parliament, 2002b), and the instauration of port waste reception facilities (European Council and Parliament, 2000).

As to the regulatory measures, we can refer to the maritime policy communication (European Commission, 2003), the time and work organisation of sea crew (European Council, 1999 and European Council and Parliament, 2001b and 1999), safety measures required at and for passenger ships (European Council, 1999b, 1998, 1998b, 1995), safety instructions for fishing ships (European Council, 1995), seafarer’s training obligations (European Council, 1994 and European Council and Parliament, 2001d), safety control standards (European Council and Parliament, 2001 and European Council, 1994b), tonnage measurement instructions (European Council, 1994c), dangerous goods carriage requirements (European Council, 1993), intra-European ship registry swapping (European Council, 1991), pilotage obligations (European Council, 1978), safe (un-)loading measures (European Council and Parliament, 2001c).

Important trends are the promotion of short sea shipping (European Commission, 2000 and European Council, 2002, 2000 and 1996b, with also economic measures under the Marco Polo programma), access liberalization to port services (with financial and social consequences for ship routing, European Commission, 2001), the development of TEN-infrastructure (again with impacts on port routing through ports’ attractiveness in terms of hinterland access), and the development of a European standard loading unit.

4 Conclusion

From the previous analysis, it should be clear that impact measurement in the maritime and port sector is extremely complex, since logistical chains are intersecting here with industrial chains. The number of parties involved is so enormous, that no simple relationships can be drawn. 

The complexity of the relationships requires accurate and substantial data, which are not always available. Their availability depends on the type of port organisation: in public ports, statistics usually are more elaborate than in private ports. But in public ports where operation is in private hands, there may be a large discrepancy between on the one hand the usually widely available port statistics and on the other hand the commercial (cost and revenue) data at company level, which are usually guarded as the company’s most precious asset. 

Therefore, a first necessity will be to check what data are available in the Port of Antwerp. But further on that line, it will also need to be checked what measures are already in place, which are most apt in terms of efficiency, and which are desirable. The case study will focus on those instruments that leave clearest and most efficient impacts.
5 Instrument reference material 

In this part, the full detail of relevant references with respect to impacts of policy measures on sea transport and port traffic (general-to-specific approach) is given. Each time, we indicate how the measures analysed and evaluated fit into the SPECTRUM-objectives as defined in previous deliverables. Therefore, we use the structure outlined in the Deliverable 2 (Review of Specific Urban Transport Measures in Managing Capacity) of the project: 

1. What instruments were examined? 

2. Issues with respect to implementation? 

3. Impacts of instruments? 

4. Lessons learned? 

5. Linkages to SPECTRUM case study?

5.1.1.1 General

Bushey, S. (2003). Global Transportation Solutions, InfoPORT 2003 Amsterdam

1. Economic, physical and regulatory measures

2. N/A
3. Impact on competitive position
4. Terminal operator assets: land, people and equipment (p. 5)

Terminal serve lines, lines are vessel centric

Pressure of lines on terminals to take care of vessels

Terminals control land and equipment but do not control loading and unloading

Terminal productivity issues: (i) capacity, (ii) congestion, (iii) equipment utilization, (iv) intermodal operators, (v) air quality, (vi) security (p. 7)

Port Community: (i) carriers, (ii) terminal operators, (iii) forwarders / brokers, (iv) customs, (v) shippers / consignees, (vi) truckers, (vii) depots / security yards, (viii) harbour pilots, (ix) port authorities

5. Check for all partners in Port of Antwerp

Dhingra, S.L., D. Darda, V. Garg (2001). Simulation and animation of Panama Canal operations, Trasporti Europei, 19, pp. 12-22 

1. Queuing effects

2. N/A
3. Impact on cost and competitiveness (not calculated)

4. Evaluate changes in queue length and waiting time resulting from changed arrival rate, service time and traffic intensity

5. Apply basic model to Port of Antwerp, to see how measures that change service times and traffic intensity, influence queue lengths and waiting times; eventually in later stage: simulation

Gambardella, L., A. Rizzoli (2000). The Role of Simulation and Optimisation in Intermodal Container Terminals, 6 p.

1. Economic, physical and regulatory measures

2. N/A
3. Impact on cost and competitiveness (not calculated)
4. Simulation and optimisation of the different terminal elements
5. All applicable to the Port of Antwerp

Gambardella, L., A. Rizzoli, M. Zaffalon (1998). Simulation and Planning of an Intermodal Container Terminal, Simulation, 71 (2), pp. 107-116

1. Economic, physical and regulatory measures

2. N/A
3. Impact on cost and competitiveness (not calculated)
4. Simulation and optimisation of the different terminal elements
5. Applicable to the Port of Antwerp

Glaister, S. (1981). Fundamentals of Transport Economics, Basil Blackwell, Oxford 

1. Queuing effects

2. N/A
3. Impact on cost and competitiveness (not calculated)

4. Calculate queue length and waiting time from arrival rate, service time and traffic intensity (p. 99)

5. Apply to Port of Antwerp, to see how measures that change service times and traffic intensity, influence queue lengths and waiting times

Henesey, L., F. Wernstedt, P. Davidsson (2002). A Market-Based Approach to Container Port Terminal Management

1. Economic, physical and regulatory measures

2. Entire change of existing system!

3. Impact on costs and benefits
4. Main objective for vessels: reduce vessel time in port (p. 1)

‘software’ more apt to do this than ‘hardware’ (p. 2)

Main objective for terminal operators: keep costs per TEU/tonne low (p. 2)

4 terminal subsystems: (i) ship-to-shore, (ii) transfer cycle, (iii) storage, and (iv) delivery/receipt, of which (ii) and (iv) are most congested (p. 2)

Berth planning goals: optimum capacity with minimum cost (p. 3)

Berth characteristics: length, depth, equipment, handling capacity and service facilities (p. 3)

Main agents: ship agent, berth agent, yard agent, and gate agent

Utility agents: crane agent, transtainer agent, and transport agent

System architecture: allocation of incoming containers to terminal yard, dispatch of containers from terminal yard to ships, allocation of yards with containers discharged from a ship, dispatch of containers from terminal yard to hinterland transportation, reallocation of containers after final decision of berth

5. Applicable or already applied in Port of Antwerp

Lambert, B., G. Maring (2000). Thoughts on the Use of Performance Measures and Benchmarking for Intermodal Transportation Activities, APEC Intermodal Transport Meeting, Singapore
1. Pricing, infrastructure and regulatory measures

2. N/A
3. Impact on costs and benefits for several parties

4. Measures should be (i) easy to identify, (ii) replicable, (iii) comparable across activities, (iv) reliable, and (v) quantifiable (p. 2-3)

Measures should take into account (i) common regional traits, (ii) comparable operational structures, (iii) conflicting goals between parties, (iv) barriers to change, (v) data collection limitations, (vi) usefulness for investment decisions, (vii) leaving no space to misuse, and (viii) full information disclosure

5. Features should apply to Port of Antwerp measures

Mastrolilli, M., N. Fornara, L. Gambardella, A. Rizzoli, M. Zaffalon (2000). Simulation for policy evaluation, planning and decision support in an intermodal container terminal, in Merkuryev, Y., Bruzzone, A., Novitsky , L. (ed) Proceedings of the International Workshop “Modelling and Simulation within a Maritime Environment”, 6-8 September, 1998, Riga, Latvia, pp. 33-38

1. Economic, physical and regulatory measures

2. N/A
3. Impact on cost and competitiveness (not calculated)
4. Simulation and optimisation of the different terminal elements
5. Applicable to the Port of Antwerp
Meersman, H., F. Moglia, E. Van de Voorde (2002). Forecasting potential container throughput, in Huybrechts, M., H. Meersman, E. Van de Voorde, E. Van Hooydonck, A. Verbeke, W. Winkelmans (ed) Port Competitiveness, De Boeck, Antwerp, pp. 35-65

1. Pricing, infrastructure and regulatory measures

2. Dependence on port organisational form: direct price influence (public and operating ports) vs. indirect price influence (autonomous, private or corporate and limited operating or land lord ports)

3. Impact on competitive position (not calculated)

4. forecasting methods

5. Apply forecasting methods to Port of Antwerp, to simulate effect of measures 

Meersman, H., C. Steenssens, E. Van de Voorde (1997). Container Transhipment, Port Capacity and Investment, IAME 1997 International Conference, London
1. Pricing, infrastructure and regulatory measures

2. Dependence on port organisational form: direct price influence (public and operating ports) vs. indirect price influence (autonomous, private or corporate and limited operating or land lord ports)

3. Impact on competitive position (not calculated)

4. Several methods for evaluating potential for growth (p. 5-12) and forecasting methods (p. 15)

5. Apply forecasting methods to Port of Antwerp, to simulate effect of measures 

Meersman, H., E. Van de Voorde, T. Vanelslander (2001). Port Pricing Issues – Considerations on Economic Principles, Competition and Wishful Thinking, paper presented at IMPRINT Europe meeting, Brussels, 14-15 May

1. Pricing, infrastructure and regulatory measures

2. Dependence on port organisational form: direct price influence (public and operating ports) vs. indirect price influence (autonomous, private or corporate and limited operating or land lord ports)

3. Impact on competitive position (not calculated)

4. Remarks on how to evaluate capacity and productivity

5. Apply observations to needs for measures in Antwerp

Meersman, H., E. Van de Voorde, T. Vanelslander (2002). Port competition and generalised costs: considerations on the impact of capacity (utilisation) and productivity, in Notteboom, T. (Ed.), Current Issues in Port Logistics and Intermodality, Garant, Antwerp, pp. 39-54

1. Pricing, infrastructure and regulatory measures

2. Dependence on port organisational form: direct price influence (public and operating ports) vs. indirect price influence (autonomous, private or corporate and limited operating or land lord ports)

3. Impact on competitive position (not calculated)

4. Remarks on how to evaluate capacity and productivity

5. Apply observations to needs for measures in Antwerp

Meyrick and Associates and Tasman Asia Pacific (1998). Measures to Promote Effective and Efficient Container Port Practices

1. Pricing, infrastructure and regulatory measures

2. May already be applied in Port of Antwerp

3. Impact on costs and benefits for several parties

4. Port Performance is dependent on (i) scale of operation, (ii) composition of cargo, (iii) geography, and (iv) navigational challenges (p. 5)!

Charge evaluation is dependent on (i) approaches to the role of port authorities (financial self-sufficiency, government contributions to port development, taxation and dividend policies) and (ii) charge structure and incidence (p. 7)!

Consider also timeliness and reliability (p. 9)!

For productivity: consider annual lifts per employee and net crane rate

Pilotage charges can be high due to pilotage distance, navigational hazards and ratio of ship calls

Towage charges can be high due to low utilization due to low ratio of ship calls

Policy reforms: (i) market reform: scope for competition and equitable competition, (ii) enterprise reform: port authority function, outsourcing, statutory bodies, skill-based appointments, accountability, government practice exemption, have competition regulated by higher government, public tender for leases, time-limited and non-exclusive licences for towage, pilotage and other port services, cost-based pricing, and (iii) privatisation

5. Check what applies to Port of Antwerp

Nagurney, A. (2002). Sustainable Transportation Networks: Foundations

1. Economic, physical and regulatory measures

2. N/A
3. Impact on cost and competitiveness (not calculated)
4. External effects
5. Apply calculations to Port of Antwerp
Thiers, G. (1998). A Port Simulation Model as a Permanent Decision Instrument, SIMULATION, 7(2), pp.117-125

1. Economic, physical and regulatory measures

2. N/A
3. Impact on cost and competitiveness (not calculated)

4. Evaluate changes in queue length and waiting time resulting from changed arrival rate, service time and traffic intensity

5. Apply basic model to Port of Antwerp, to see how measures that change service times and traffic intensity, influence queue lengths and waiting times; eventually in later stage: simulation
Ward, T. (1999). Optimising Quayside Productivity Using Computer Simulation Analysis, Port Technology International, pp. 65-68

1. Economic, physical and regulatory measures

2. Impact on cost and competitiveness (not calculated)

3. Evaluate changes in queue length and waiting time resulting from changed arrival rate, service time and traffic intensity

4. Apply basic model to Port of Antwerp, to see how measures that change service times and traffic intensity, influence queue lengths and waiting times; eventually in later stage: simulation 

5.1.1.2 Economic measures

Sea 

none (through registration ( regulatory)

Port 

Adler, N., C. Nash, E. Niskanen (2003). Barriers to Efficient Cost-based Pricing of Rail, Air and Water Transport in Europe
1. Efficient pricing

2. N/A
3. Impacts on prices and competitiveness
4. Capacity not optimal ( short-run MCP ( efficient use: transportation! (p. 2-3)

Bulk: highly competitive, Container: capital concentration, monopoly power through conferences and consortia (p. 9)

Barriers to MSCP-implementation: (i) lack of transparency, (ii) lack of harmonization, (iii) monopoly lobby power, (iv) little interest among port authorities to lose their customers, (v) data unavailability (p. 11-12)

5. Calculate marginal costs!
Bennathan, E., A.A. Walters (1979). Port Pricing and Investment Policy for Developing Countries, Oxford University Press, Oxford

1. User and service charges (p. 21-22)

2. Dependence on port organisational form: direct price influence (public and operating ports) vs. indirect price influence (autonomous, private or corporate and limited operating or land lord ports)

3. Elasticity of demand (p. 26-30)

4. Cost of changing tariffs (p. 37-40)

Costs and benefits of change in congestion (p. 63-96)

Competition among ports (p. 150-176)

Different tariffs for different target group!

Multi-part tariffs!

Know base of charges!

5. Influence of price change under different situations: qualitatively, not quantitatively, but very useful for SPECTRUM-case

Button, K. (1979). The Economics of Port Pricing, Maritime Policy and Management, 6(3), pp. 201-207

1. Marginal social opportunity cost pricing

2. N/A
3. Impacts on prices and competitiveness
4. Approach different from most other references: (i) compared with parking charging and not with road charging, and (ii) introducing stochastic demand element
Demand > supply ( traffic diversion and queuing

Large investments ( short-run marginal cost pricing creates deficits 

3 solutions: (i) government subsidy, (ii) discriminatory pricing, (iii) two-part tariff

not wanted by E.C.

some are priced below MSOC

good since avoids cross-subsidization of lines

MSOC put into question

Nevertheless only feasible alternative

Dowd, T.J., D.K. Fleming (1994). Port Pricing, Maritime Policy and Management, 21(1), pp. 29-35

1. Internally and externally checked prices

2. N/A
3. Impact on price level / cost coverage and therefore on demand for transport capacity (not investigated)

4. Pricing policy is part of global port management strategy, besides planning goals and investment policy

Three possible pricing approaches: economic (marginal cost pricing - breaking-even), financial (full cost recovery – profit maximization) and public (subsidized prices - throughput maximization)

Three steps: (i) internal examination: historical cost (depreciation, maintenance, tax, terminal operations and administrative), imputed costs, ROI, sensitivity analysis; (ii) external examination: consideration and negotiation; (iii) determination

5. Check which one applied in the Port of Antwerp 

Heaver, T., F. Moglia, E. Van de Voorde (2000). Do Mergers and Alliances influence European Shipping and Port Competition?, Maritime Policy and Management, 27(4), pp. 363-373

1. Port (pricing) strategy

2. Only valid in case of separate port authority

3. Impact of port (pricing) strategy on port competition
4. Take account of all parties involved (shipping companies, stevedores, hinterland transporters, port authorities, shipping agents, owner of goods). 

5. In Port of Antwerp, all parties are present
Heggie, I. G. (1974). Charging for Port Facilities, Journal of Transport Economics and Policy, January, pp. 3-25

1. Cost-based pricing

2. Publicly owned ports (stated in text, p. 3), but in practice also corporate ports

3. Impact on price level / cost coverage and therefore on demand for transport capacity (not investigated)

4. Do not use pricing for income redistribution, controlling inflation, national unity, opening foreign markets (p. 9)!

Pricing determines social profitability, short-run efficient use of means, long-term investment needed

Port charges consist of dues on vessels (harbour and quay dues, p. 13-16) and dues on goods (p. 16)

Calculation formula for dues (p. 18)

5. Check how cost-basedness is applied in port of Antwerp
Jansson, J.O., D. Schneerson (1982). Port Economics, Massachusetts, Murray Printing Co.

1. Pricing strategies: from current to optimal

2. Make sure solving one problem (queuing) does not create other (competitive disadvantage)

3. Impact on queuing (p. 93-95)

Impact on port competition (p.135-142)

4. Distinguish between port charges and stevedoring charges

Optimize both separately

How to calculate optimal port charges (p. 93-118) and stevedoring charges (p. 119-132) 

5. Optimal port charges for Port of Antwerp case (to be calculated)
Kockelman, K. (2002). Handbook of Transportation Engineering, McGraw-Hill

1. Congestion pricing to resolve congestion

2. Application for roads similar to that for sea / port

3. Impacts on costs and benefits (see p. 7-11)

4. Congestion pricing (p. 14-16), other solutions typical for road

5. Applicable to Port of Antwerp

Link, H. (2003). Estimates of marginal infrastructure costs for different modes of transport
1. Basis for cost-based pricing

2. N/A
3. Impacts on prices
4. Short-run and long-run marginal cost pricing ( prices ( (i) user costs and (ii) technology
5. Applicable to Port of Antwerp

Meyrick, S. (2002). Channel Pricing – Issues and Practice, Meyrick and Associates

1. Correct payment for existing and new infrastructure

2. Application to locks can be extended to all infrastructure

3. Impacts on prices and competitiveness
4. visions: user pays, externalities and cost structure

international benchmarking (p. 10-18 and 22-28)

application for existing (p. 5-10 and 18-21) and new (p. 28-33)

5. perfectly applicable to Port of Antwerp

Peston, M.H., R.H. Rees (1971). Port Costs and the Demand for Port Facilities, National Ports Council, London

1. Changing the level of port user costs

2. Port user = broad concept (shipowners, shippers,…)

3. Impact on port choice
4. Following parties can change their final decisions as user costs change (p. 24): manufacturer / ultimate shipper, marketing / shipping manager, transport firm, port authority, stevedore, shipping line, forwarding agent, container operator, consignee / ultimate receiver

Very useful: modelling what factors influence port choice

5. All parties are present at the port of Antwerp, and therefore should be included in case study analysis

Models present are useful instrument to check what happens with port of Antwerp if tariffs change

Robinson, D. (1999). Measurements of Port Productivity and Container Terminal Design, IIR Publications Ltd., London

1. Indicators to check effects of measures

2. N/A
3. Impact on output (stevedoring process (p. 13-14), gate process (p. 14-15), intermodal operations (p. 15-16) and yard operations (p. 16-17)) and input (number of lifts (p. 17-18), surface and metres (p.19-20))

4. Check what measures influence what variables through the latter’s definition

Different definitions, uniformity required!

5. All concepts apply to the Port of Antwerp

Talley, W.K. (1994). Port pricing: a cost axiomatic approach, Maritime Policy and Management, 21(1), pp. 61-76 

6. Pricing strategy: cost axiomatic instead of marginal

7. In case marginal costs not known or marginal costs known but not cost-efficient (public enterprise)

8. Impact on tariffs and therefore on demand for transport capacity (not investigated)

9. Axioms (p. 63): cost-sharing, rescaling, consistency, positivity, additivity

10. Possible to apply in the case of the Port of Antwerp

Ubbels, B. (2003). The Economics of Transport Pricing

1. Applying correct pricing

2. N/A
3. Impacts on prices and competitiveness
4. Several goals for pricing: (i) economic efficiency, (ii) profit maximization, (iii) cost coverage, (iv) environmental sustainability, (v) equity, (vi) macro-economic objectives

Factors affecting realization: (i) imperfect competition, (ii) increasing returns to scale, (iii) imperfect information, (iv) indivisibilities, (v) externalities, (vi) implementation barriers, (vii) equity policies

5. Should by all means be checked in Antwerp case

UNCTAD (1998). Guidelines for Port Authorities and Governments on the Privatization of Port Facilities, Geneva, United Nations

1. Port privatisation

2. N/A
3. impact on competitiveness (not calculated)

4. overview of possibilities

5. what case applied in Port of Antwerp
United Nations (2001). Pricing and Charges for Maritime and Air Transport Sectors

1. Optimal pricing strategy

2. N/A
3. Impacts on prices and competitiveness
4. Objectives (p. 115-116), systems (p. 116-118), cost-based tariffs (p. 118-122)

5. Benchmarking and calculation for Antwerp

Walters, A.A. (1976). Marginal Cost Pricing in Ports, The Logistics and Transportation Review, 12, pp. 99-105

1. Marginal cost pricing

2. N/A
3. Impact on congestion (p. 304)

4. Distorting impact of wrong pricing (p. 304-306)

Look at willingness to pay

5. Also in Port of Antwerp case study, marginal costs should be base for charges

5.1.1.3 Physical measures

Sea

none

Port 

Bae, J.W. (2000). A pooled dispatching strategy for automated guided vehicles in port container terminals, International Journal of Management Science, 6(2), pp. 47-68

1. AGV dedication

2. N/A
3. effect on costs and waiting time
4. comparison of different vehicle dispatching strategies (delays)

5. applicable or already applied in Antwerp case

Böse, J., T. Reiners, D. Steenken, S. Voss (2000). Vehicle Dispatching at Seaport Container Terminals Using Evolutionary Algorithms, Proceedings of the 33rd Hawaii International Conference on System Sciences

1. Terminal vehicle dispatching

2. N/A
3. effect on costs and waiting time
4. comparison of different vehicle dispatching strategies (delays)

5. applicable or already applied in Antwerp case

Chen, T. (2001). Does Higher Land Utilisation Generate Higher Unproductive Moves? A Study Between Container Terminals With Various Land Utilisation, The International Association of Maritime Economists Annual Conference 2001, Mc-Millan Publishers Ltd., Hong Kong, pp. 985-994

1. Investment in terminal surface

2. N/A
3. Impact on number of moves
4. Number of unproductive moves is influenced not so much by land utilisation as by storage capacity (related to receipt strategy)

5. Consider all factors influencing number of moves, since this constitutes cost for terminal operator

Daganzo, C.F. (1990). Crane Productivity and Ship Delay in Ports, Transportation Research Record 1251, pp? 1-9

1. Crane deployment strategies

2. Dependence on port organisational form: direct price influence (public and operating ports) vs. indirect price influence (autonomous, private or corporate and limited operating or land lord ports)
3. Impacts on superstructure (crane) utilization (p. 5-6) and ship delay (p. 6-8)

4. Besides infrastructure, also superstructure is (as?) important.

5. Consider all elements in Port of Antwerp which influence chain, also superstructure

Dekker, S. (2001). Port Capacity Investment: Public Financing based on Indirect Economics Impacts

1. New (port) infrastructure

2. Dependence on port organisational form: direct investment (public ports) vs. indirect investment stimulation (autonomous, private or corporate ports)

3. Impact on ALL costs and benefits (welfare-economic)

4. Schematic and quantified measurement of impacts on society

5. Applicable to projects in Port of Antwerp

De Monie, G. (1976). Port Productivity I – Analysing Berth Throughput, Manual on Port Management, Geneva, pp. 87-103

1. Physical adaptations

2. N/A
3. Impact on costs and on service time (not calculated)

4. Calculation of port throughput, ship turn-round time, berth occupancy, ship productivity, labour productivity

5. Calculate how changes in infrastructure affect these indicators

De Monie, G. (1976). Port Productivity VII – Performance Indicators, Manual on Port Management, Geneva, pp. 193-206

1. Physical adaptations

2. N/A
3. Impact on costs and on service time (not calculated)

4. Calculation of port throughput, ship turn-round time, berth occupancy, ship productivity, labour productivity

5. Calculate how changes in infrastructure affect these indicators 

European Commission (2002). COM(2003) 229 - 02/05/2003
COMMUNICATION FROM THE COMMISSION on enhancing maritime transport security. Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on enhancing ship and port facility security , http://europa.eu.int
1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (1996). Council Directive 96/98/EC of 20 December 1996 on marine equipment, Official Journal L 046 , 17/02/1997 P. 0025 – 0056, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done 

European Council (1992). 92/143/EEC: Council Decision of 25 February 1992 on radionavigation systems for Europe, Official Journal L 059 , 04/03/1992 p. 0017 – 0018, http://europa.eu.int

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done in the port and maritime sector

European Council and Parliament (2003). Regulation (EC) No 1726/2003 of the European Parliament and of the Council of 22 July 2003 amending Regulation (EC) No 417/2002 on the accelerated phasing-in of double-hull or equivalent design requirements for single-hull oil tankers, 01/10/2003, http://europa.eu.int
1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council and Parliament (2002). Directive 2002/59/EC of the European Parliament and of the Council of 27 June 2002 establishing a Community vessel traffic monitoring and information system and repealing Council Directive 93/75/EEC
Official Journal L 208 , 05/08/2002 P. 0010 - 0027, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done 

European Council and Parliament (2002b). Regulation (EC) No 1406/2002 of the European Parliament and of the Council of 27 June 2002 establishing a European Maritime Safety Agency (Text with EEA relevance), Official Journal L 208 , 05/08/2002 P. 0001 - 0009, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council and Parliament (2002c). Regulation (EC) No 417/2002 of the European Parliament and of the Council of 18 February 2002 on the accelerated phasing-in of double hull or equivalent design requirements for single hull oil tankers and repealing Council Regulation (EC) No 2978/94, Official Journal L 064 , 07/03/2002 P. 0001 - 0005, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council and Parliament (2000). Directive 2000/59/EC of the European Parliament and of the Council of 27 November 2000 on port reception facilities for ship-generated waste and cargo residues - Commission declaration, Official Journal L 332 , 28/12/2000 P. 0081 – 0090, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

Forgeaud, P. (2000). Measuring Port Performance, World Bank

1. Physical adaptations

2. Look what physical elements are present in case

3. Impact on costs and on service time (not calculated)

4. Calculation of berth occupancy rate and benchmark application of queuing theory

5. Both applicable to the Port of Antwerp

Huang, W.-C., S.-C. Wu, P.-L. Cheng, C.-Y. Lu (2001). The Determination of Optimal Numbers of Berths and Cranes in Container Terminals – The Comparison of Queuing Theory and Simulation Method, The International Association of Maritime Economists Annual Conference 2001, Mc-Millan Publishers Ltd., Hong Kong, pp. 722-738

1. Berth and crane investment

2. Dependence on port organisational form: direct price influence (public and operating ports) vs. indirect price influence (autonomous, private or corporate and limited operating or land lord ports)
3. Impacts on waiting time and service time
4. Try to classify types (sizes) of ships entering

Type of arrival distribution does hardly affect result

5. Queuing technique as well as simulation can be used in the SPECTRUM case study

Jansson, J.O., D. Schneerson (1982). Port Economics, Massachusetts, Murray Printing Co.

1. Berth number expansion and berth capacity multiplication (p. 11-15)

2. N/A
3. Impact on congestion 

4. Apply queuing theory (p. 33-39 and p. 61-69)

Port factors of production: quays, cranes, stevedoring labour, administrative staff, storage space, time of ships and transport vehicles

Service time not constant but related to occupancy rate

Congestion costs >< queuing costs 

5. Queuing technique very relevant for calculating costs / benefits in SPECTRUM
Jara-Díaz, S.R., C.E. Cortés, A. Vargas (1997). Marginal Costs and Scale Economies in Spanish Ports: a Multiproduct Approach, Proceedings of Seminar E European Transport Forum, pp. 137-145

1. Infrastructure change

2. Multi-output character is interpreted in terms of infrastructure provision and cargo handling being integrated (superstructure provision is assumed to be part of cargo handling): this is the operating port case (vs. limited operating or even more land lord port)

3. Impact on prices and therefore demand for transport activities
4. Estimating economies of scale and scope

5. Port of Antwerp applies land lord type, but multi-output character can also be interpreted as treating different commodity types (containers, general cargo, bulk,…)

Kockelman, K. (2002). Handbook of Transportation Engineering, McGraw-Hill

1. New infrastructure to resolve congestion

2. Application for roads similar to that for sea / port

3. Impacts on costs and benefits (see p. 7-11)

4. Capacity expansion (p. 12-13), other solutions typical for road

5. Applicable to Port of Antwerp

Kozlowski, M., J.T. Scholes (2002). Survey of Opportunities for Crane Modernization and Productivity Enhancements, Port Techonology International, pp. 1-6

1. Equipment upgrade

2. N/A
3. effects on costs
4. replacement of obsolete drivers and control systems, addition of enhanced diagnostic systems, installation of yard-management systems to control product flow, integration of the container cranes and the yard-management system, safety enhancements, and crane-operator productivity enhancements, power-quality enhancements.

5. modernization drivers: (i) equipment obsolescence (spare-parts availability, high-cost replacements, long lead times to replace or repair, diminishing technological support for aging products), (ii) equipment physical and performance limitations (limited crane outreach, lift height, performance limitations, (iii) productivity enhancements, (iv) container crane downtime reduction, (v) safety enhancements, (vi) operating cost reductions (diesel fuel and associated variable costs, utility de-regulation, utility rate structures with power-quality penalties and reactive power-demand charges). 

6. Applicable or already applied in Port of Antwerp

Murty, K.G., K. Liu, Y. Wan, R. Linn (2002). A DSS (Decision Support System) for Operations in a Container Terminal

1. Physical measures (superstructure)

2. N/A
3. Impact on costs and benefits
4. Workload = number of containers processed = (containers unloaded from vessels and stored) + (containers retrieved and loaded on vessels) + (containers unloaded from hinterland and stored) + (containers picked and loaded on hinterland)

Uneven distribution of workload

Ship turnaround time, QC rate

Congestion in terminal: road network same capacity + only trucks

Minimize XT waiting time, IT waiting time, QC waiting time, number of unproductive moves, number of ITs used

5. Check whether these applied in Port of Antwerp

Overton, R., J. Discenza, T. Simkus (2000). Increasing Container Loading Productivity Through Crane Automation, Port Technology International 

1. More efficient cranes

2. Dependence on port organisational form: direct price influence (public and operating ports) vs. indirect price influence (autonomous, private or corporate and limited operating or land lord ports)
Only if superstructure goes together with infrastructure

3. Impacts on costs and benefits
4. Cranes swaying less should be supplemented by operators being more skilled

5. New technologies applicable to Port of Antwerp

Robinson, B. (2003). Getting bigger and faster – ship to shore cranes, Cargo Systems, July/August

1. Capacity expansion (bigger cranes)

2. N/A
3. effects on costs
4. average number of unproductive crane moves: 60%

larger cranes: longer ropes ( more sway and driver further away ( less precision

performance per hour figure is influenced by a variety of factors including hatch removal, trolley travel distance, the number of bays being worked and the proximity of boxes in the ship bay.

Security scanning

5. applicable to Port of Antwerp case study

Robinson, D. (1999). Measurements of Port Productivity and Container Terminal Design, IIR Publications Ltd., London

1. Indicators to check effects of measures

2. Impact on output (stevedoring process (p. 13-14), gate process (p. 14-15), intermodal operations (p. 15-16) and yard operations (p. 16-17)) and input (number of lifts (p. 17-18), surface and metres (p.19-20))

3. Check what measures influence what variables through the latter’s definition

4. Different definitions, uniformity required!

5. All concepts apply to the Port of Antwerp

Tovar, B., S. Jara-Díaz, L. Trujillo (2003). A Multioutput Cost Function for Port Terminals – Some Guidelines for Regulation, World Bank

1. New (port) infrastructure

2. Only applicable to multioutput terminals!

3. Impact on costs
4. Infrastructure changes influence costs: checking for economies of scale and scope!

5. Model for the Port of Antwerp

UNCTAD (1985). Port Development – A Handbook for Planners in Developing Countries, Geneva, United Nations

1. Port development general (p. 16: useful scheme) 

2. Dependence on port organisational form: direct investment (public ports) vs. indirect investment stimulation (autonomous, private or corporate ports)

3. 4 decisions: (i) economic justification, (ii) opportunity costs, (iii) adequate level of investment (iv) right point in time? (p. 37-38)

General cost effects (p. 28-29, p. 36) / effects on berth occupancy (p. 29-30), waiting time (p. 30) and service time (p. 30-31) / general benefits (p. 36)

Productivity effects: p. 53 – 58

Civil engineering cost effects: p. 85, 88, 90-91, 98-100

Environmental effects: p. 101-102, 104

4. Consider all costs and benefits (direct and indirect)!

Consider chain effect!

Consider costs and benefits over entire life cycle!

5. Useful cost and benefit figures/methodology for SPECTRUM-case
Williamson, E. (1976). Berth Throughput, Berth Occupancy and Ship Turn-Round time, Manual on Port Management, Geneva, pp. 73-85

1. Physical adaptations

2. N/A
3. Impact on costs and on service time (not calculated)

4. Calculation of port throughput, ship turn-round time and berth occupancy

5. Calculate how changes in infrastructure affect these indicators

Yahalom, S. (2002). Intermodal Productivity and Goods Movement – Land Access to Port and Terminal Gate Operations, University Transportation Research Center
1. Gate capacity measures

2. N/A
3. impact on costs and benefits
4. Road capacity analysis: (i) what roads are needed, (ii) what lane configurations are required, (iii) what IT can be used? (p. 20)

Road capacity is influenced by (i) vehicle composition, (ii) physical road characteristics, (iii) traffic stream, and (iv) environmental conditions (p. 20)

Terminal capacity: vessel, gate and yard (p. 25)

What should gate hours be?

How many of the activities are functions of habit?

How much labor flexibility is available?

What activities should be part of the gate to speed up processing time?

Could all these functions and others be handled in another way?

What is the gate productivity and what should it be?

Does the gate productivity affect traffic flow and therefore congestion?

Does electronic processing make a difference in gate time?

How will it change when the total amount of cargo doubles?

At the extreme, is there a need for a gate?

And last but not least, what does the Port Authority of NY & NJ aim for, in the

short run and in the long run?

5. Waiting cost (p. 34)

Opportunity cost (p. 34-35)

Queuing cost (p. 35-39)

Sensitivity analysis (p. 39-40)

5.1.1.4 Regulatory measures

Sea

Stopford, M. (2002). Martime Economics, Routledge, London

1. Safety regulation

2. At European level ?

3. Impacts on costs (not quantified)

4. Double: nations where ship is registered and nationss where ship passes

Effect through (i) tax, company law and financial law, (ii) maritime safety conventions, (iii) crewing and terms of employment, and (iv) naval protection (p. 431-432)

4 types of parties concerned: (i) beneficial owner, (ii) one-ship company, (iii) holding company, and (iv) management company

5. Check what rules apply to the Antwerp case, and how they influence costs

Port

De Monie, G. (1976). Port Productivity I – Analysing Berth Throughput, Manual on Port Management, Geneva, pp. 87-103

1. Labour regulation

2. Impact on costs and on service time (not calculated)

3. Calculation of port throughput, ship turn-round time, berth occupancy, ship productivity, labour productivity

4. Calculate how changes in labour regulation affect these indicators

De Monie, G. (1976). Port Productivity VII – Performance Indicators, Manual on Port Management, Geneva, pp. 193-206

1. Labour regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Calculation of port throughput, ship turn-round time, berth occupancy, ship productivity, labour productivity

5. Calculate how changes in labour regulation affect these indicators 

European Commission (2001). Communication from the Commission to the European Parliament and the Council: Reinforcing Quality Service in Sea Ports: A Key for European Transport -  Proposal for a Directive of the European Parliament and of the Council: On Market Access to Port Services, http://europa.eu.int
1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done in terms of policy instruments
European Commission, 1999. Resolution (A5-0139/2000) on the Commission comunication to the Council, the European Parliament, the Economic and social Committee and the Committee of Regions "The development of Short Sea Shipping in Europe : A Dynamic Alternative in a Sustainable Transport Chain - Second Two-yearly Progress Report" (COM (1999)317 - C5-0206/1999-1999/2164(COS)), http://europa.eu.int
1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done in terms of policy instruments
European Commission (1995). Resolution (A4-0167/96 ) on the Communication from the Commission on the development of short sea shipping in Europe - prospects and challenges (COM(95)0317 - C4-0297/95), OJ C 198, 08.07.1996, p. 44, http://europa.eu.int
1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done in terms of policy instruments instruments

European Commission (1993). Communication from the commission of a common policy on safe seas /* com/93/66final */, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done 

European Council (2000). Council Resolution of 14 February 2000 on the promotion of short sea shipping (2000/C 56/02), OJ C 56, 29.02.2000, p. 3, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (2002), Directive (2002/6/EC) on Reporting Formalities for Ships Arriving in and/or Departing from Ports of the Member States of the Community, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (1999). Council Directive 1999/63/EC of 21 June 1999 concerning the Agreement on the organisation of working time of seafarers concluded by the European Community Shipowners' Association (ECSA) and the Federation of Transport Workers' Unions in the European Union (FST) - Annex: European Agreement on the organisation of working time of seafarers, Official Journal L 167 , 02/07/1999 P. 0033 – 0037, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done 

European Council (1999b). Council Directive 1999/35/EC of 29 April 1999 on a system of mandatory surveys for the safe operation of regular ro-ro ferry and high-speed passenger craft services, Official Journal L 138 , 01/06/1999 P. 0001 - 0019, http://europa.eu.int 

1. Port services regulation
2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (1998). Council Directive 98/41/EC of 18 June 1998 on the registration of persons sailing on board passenger ships operating to or from ports of the Member States of the Community, Official Journal L 188 , 02/07/1998 P. 0035 - 0039, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (1998b). Council Directive 98/18/EC of 17 March 1998 on safety rules and standards for passenger ships, Official Journal L 144, 15/05/1998 P. 0001 - 0115, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (1997). Council Directive 97/70/EC of 11 December 1997 setting up a harmonised safety regime for fishing vessels of 24 metres in length and over, Official Journal L 034 , 09/02/1998 P. 0001 – 0029, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done 

European Council (1996b). Council Resolution of 11 March 1996 on short sea shipping (96/C 99/01), OJ C 099, 02.04.1996, p.1, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (1995). Council Regulation (EC) No 3051/95 of 8 December 1995 on the safety management of roll-on/roll-off passenger ferries (ro-ro ferries)
Official Journal L 320 , 30/12/1995 P. 0014 - 0024, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (1994). Council Directive 94/58/EC of 22 November 1994 on the minimum level of training of seafarers, Official Journal L 319 , 12/12/1994 P. 0028 – 0058, http://europa.eu.int
1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (1994b). Council Directive 94/57/EC of 22 November 1994 on common rules and standards for ship inspection and survey organizations and for the relevant activities of maritime administrations, Official Journal L 319 , 12/12/1994 P. 0020 – 0027, http://europa.eu.int
1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done 

European Council (1994c). Council Regulation (EC) No 2978/94 of 21 November 1994 on the implementation of IMO Resolution A.747(18) on the application of tonnage measurement of ballast spaces in segregated ballast oil tankers, Official Journal L 319 , 12/12/1994 P. 0001 – 0006, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (1993). Council Directive 93/75/EEC of 13 September 1993 concerning minimum requirements for vessels bound for or leaving Community ports and carrying dangerous or polluting goods, Official Journal L 247 , 05/10/1993 P. 0019 – 0027, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council (1991). Council Regulation (EEC) No 613/91 of 4 March 1991 on the transfer of ships from one register to another within the Community, Official Journal L 068 , 15/03/1991 P. 0001 – 0003, http://europa.eu.int

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done in terms of policy instruments

European Council (1978). Council Directive 79/115/EEC of 21 December 1978 concerning pilotage of vessels by deep-sea pilots in the North Sea and English Channel, Official Journal L 033 , 08/02/1979 P. 0032 – 0032, http://europa.eu.int

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done in terms of policy 

European Council and Parliament (2001). Directive 2001/105/EC of the European Parliament and of the Council of 19 December 2001 amending Council Directive 94/57/EC on common rules and standards for ship inspection and survey organisations and for the relevant activities of maritime administrations (Text with EEA relevance)
Official Journal L 019 , 22/01/2002 P. 0009 - 0016, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done 

European Council and Parliament (2001b). Directive 2001/106/EC of the European Parliament and of the Council of 19 December 2001 amending Council Directive 95/21/EC concerning the enforcement, in respect of shipping using Community ports and sailing in the waters under the jurisdiction of the Member States, of international standards for ship safety, pollution prevention and shipboard living and working conditions (port State control), Official Journal L 019 , 22/01/2002 P. 0017 - 0031, http://europa.eu.int 
1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council and Parliament (2001c). Directive 2001/96/EC of the European Parliament and of the Council of 4 December 2001 establishing harmonised requirements and procedures for the safe loading and unloading of bulk carriers (Text with EEA relevance), Official Journal L 013 , 16/01/2002 P. 0009 – 0020, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

European Council and Parliament (2001d). Directive 2001/25/EC of the European Parliament and of the Council of 4 April 2001 on the minimum level of training of seafarers, Official Journal L 136 , 18/05/2001 P. 0017 – 0041, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done 

European Council and Parliament (1999). Directive 1999/95/EC of the European Parliament and of the Council of 13 December 1999 concerning the enforcement of provisions in respect of seafarers' hours of work on board ships calling at Community ports, Official Journal L 014 , 20/01/2000 P. 0029 – 0035, http://europa.eu.int 

1. Port services regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Show measures already undertaken

5. Check what is yet to be done

Forgeaud, P. (2000). Measuring Port Performance, World Bank

1. Labour regulation

2. N/A
3. Impact on costs and on service time (not calculated) 

4. Calculation of berth occupancy rate and benchmark application of queuing theory

5. Both applicable to the Port of Antwerp

IMO (2003). Safer Shipping, Cleaner Oceans, http://www.imo.org

1. Labour and environmental regulation

2. N/A
3. Impact on costs 

4. Several conventions

5. all applicable to the Port of Antwerp

Lu, W., Watanabe, Y. (2001). Statistical Guidelines for Developing  Container Terminals: Introduction of Sustainable Port Productivity, The International Association of Maritime Economists Annual Conference 2001, MacMillan Publishers Ltd., Hong Kong, pp. 995-1004

1. Use of environmentally friendly cargo handling processes

2. N/A
3. Impact on costs and (environmental) benefts
4. Check how sustainable a particular port situation is

5. Apply the measurement to the Port of Antwerp, and benchmark

Tovar, B., S. Jara-Díaz, L. Trujillo (2003). A Multi-output Cost Function for Port Terminals – Some Guidelines for Regulation, World Bank

1. New (port) labour regulation

2. Only applicable to multi-output terminals!

3. Impact on costs
4. Labour regulation changes influence costs: checking for economies of scale and scope!

5. Model for the Port of Antwerp

White, C. (2003). Maritime Security: Challenges in Supply Chain Management & Design, International Maritime and Port Security Conference, 21 January 2003
1. Security measures

2. N/A
3. Impact on costs and benefits
4. Uncertainty ( need for more security ( delays ( double effect: (i) management: more safety stock, move away from JIT, (ii) design: less cross-border transport, move away from globalization and no full exploitation of economies of specialisation ( negative impact on productivity and globalization (p. 6)

Analyse number of container moves (port costs) and outbound ship departure delays (customer costs) (p. 13)

Questions at different levels: (i) operational: how to process containers to minimize criterion of interest?, (ii) strategic: what is upper bound of percentage of containers inspected so as to minimize criterion of interest?, and (iii) policy: what is value of knowing what containers are to be inspected?

Parameter values: p. 19

General conclusion (p. 25): (i) average number of moves goes up linearly, slope not steep, (ii) actual cost less than increase in container moves due to economies of scale and set-up costs, and (iii) variability in number of moves is low; (iv) variability in out-bound departure times is high, (v) consequently high variability in equipment utilization, (vi) when inspection instructions come is important

5. Apply values and observations to Port of Antwerp!

Williamson, E. (1976). Berth Throughput, Berth Occupancy and Ship Turn-Round time, Manual on Port Management, Geneva, pp. 73-85

1. Labour regulation

2. N/A
3. Impact on costs and on service time (not calculated)

4. Calculation of port throughput, ship turn-round time and berth occupancy

5. Calculate how changes in labour regulation affect these indicators
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