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Course Overview:

This course presents a comprehensive analysis of the technological developments, economics, and institutions that are collectively shaping a new and highly competitive environment for marine ports.  Port authorities, along with private terminal operators, shipping lines, rail companies, stevedore unions, and various service and logistics firms, are adapting to rapid changes in their operating environment.  Technological advances in marine engineering and information technologies are lifting the industry to ever-higher levels of operating efficiency.  The physical form and managerial characteristics of ports are being rapidly altered, in response to the strategic actions being taken by the various institutions that make use of and depend on marine port facilities and services. The cumulative effect of changes occurring in shipping industry, particularly the high-speed and high-capacity handling requirements of current mega container vessels have placed an immense pressure on port authorities and terminal operators. This circumstance is particularly critical for ports which frequently receive large vessels with capacity of 6000 plus containers.  Given scarcity of land and severe environmental constraints on terminal expansion, enhancing terminal productivity and efficiency through better terminal planning and efficient management are essential to port operations.  The agents and issues now changing the operating environment of ports are examined and discussed, and the effects that these changes are likely to have on container ports are analyzed to evaluate required container handling capacity and future trends in port engineering and development   
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Introduction

Ninety percent of world trade is transported by ocean transportation. World trade is transported as liquid-bulk (petroleum products), dry-bulk (coal and grains), break-bulk (dry non-bulk cargo on pallets), neo-bulk (loose cargo of common size as automobiles) and container cargo. During the first half of the twentieth century, the ocean transportation of bulk commodities advanced; ships were designed to transport coal, grain and petroleum products. However, the transport methods for dry non-bulk cargo changed little. All of this began to change in 1955 when Malcom McLean recognized that individual pieces of cargo needed to be handled only twice - at their origin when stored in a standardized container box, and at their destination when unloaded.
An important feature of the economics of shipping relates to its capital costs, which requires financing. Because of their size, ships represent a significant capital outlay. Cruise ships represent the most expensive class of vessels, with the Queen Mary 2 costing $800 million, but even a container ship represents an initial capital outlays of $75 million. 
The main advantage of maritime transportation is obviously its economies of scale, making it the cheapest per unit of all transport modes, which fits well for heavy industrial activities. On the other hand, maritime transportation has one of the highest entry costs of the transport sector. Typically, a ship has an economic life between 15 and 20 years and thus represents a significant investment that must be amortized. For instance, a Panamax containership can cost $50,000 per day to operate with most of the expenses related to fuel and port charges.

Diversity of Modes

Transport modes are the means by which people and freight achieve mobility. They fall into one of three basic types, depending on over what surface they travel – land (road, rail and pipelines), water (shipping), and air. Each mode is characterized by a set of technical, operational and commercial characteristics:

Road transportation. Road infrastructures are large consumers of space with the lowest level of physical constraints among transportation modes. However, physiographical constraints are significant in road construction with substantial additional costs to overcome features such as rivers or rugged terrain. Road transportation has an average operational flexibility as vehicles can serve several purposes but are rarely able to move outside roads. Road transport systems have high maintenance costs, both for the vehicles and infrastructures. They are mainly linked to light industries where rapid movements of freight in small batches are the norm. Yet, with containerization, road transportation has become a crucial link in freight distribution. 

Rail transportation. Railways are composed of a traced path on which are bound vehicles. They have an average level of physical constrains linked to the types of locomotives and a low gradient is required, particularly for freight. Heavy industries are traditionally linked with rail transport systems, although containerization has improved the flexibility of rail transportation by linking it with road and maritime modes. Rail is by far the land transportation mode offering the highest capacity with a 23,000 tons fully loaded coal unit train being the heaviest load ever carried. Gauges, however, vary around the world, often complicating the integration of rail systems. 

Pipelines. Pipeline routes are practically unlimited as they can be laid on land or under water. The longest gas pipeline links Alberta to Sarnia (Canada), which is 2,911 km in length. The longest oil pipeline is the Transiberian, extending over 9,344 km from the Russian arctic oilfields in eastern Siberia to Western Europe. Physical constraints are low and include the landscape and pergelisol in arctic or subarctic environments. Pipeline construction costs vary according to the diameter and increase proportionally with the distance and with the viscosity of fluids (from gas, low viscosity, to oil, high viscosity). The Trans Alaskan pipeline, which is 1,300 km long, was built under difficult conditions and has to be above ground for most of its path. Pipeline terminals are very important since they correspond to refineries and harbors. 

Maritime transportation  Because of the physical properties of water conferring buoyancy and limited friction, maritime transportation is the most effective mode to move large quantities of cargo over long distances. Main maritime routes are composed of oceans, coasts, seas, lakes, rivers and channels. However, due to the location of economic activities maritime circulation takes place on specific parts of the maritime space, particularly over the North Atlantic and the North Pacific. The construction of channels, locks and dredging are attempts to facilitate maritime circulation by reducing discontinuity. Comprehensive inland waterway systems include Western Europe, the Volga / Don system, St. Lawrence / Great Lakes system, the Mississippi and its tributaries, the Amazon, the Panama / Paraguay and the interior of China. Maritime transportation has high terminal costs, since port infrastructures are among the most expensive to build, maintain and improve. High inventory costs also characterize maritime transportation. More than any other mode, maritime transportation is linked to heavy industries, such as steel and petrochemical facilities adjacent to port sites. 

Air transportation Air routes are practically unlimited, but they are denser over the North Atlantic, inside North America and Europe and over the North Pacific. Air transport constraints are multidimensional and include the site (a commercial plane needs about 3,300 meters of runway for landing and take off), the climate, fog and aerial currents. Air activities are linked to the tertiary and quaternary sectors, notably finance and tourism, which lean on the long distance mobility of people. More recently, air transportation has been accommodating growing quantities of high value freight and is playing a growing role in global logistics. 

Intermodal transportation Concerns a variety of modes used in combination so that the respective advantages of each mode are better exploited. Although intermodal transportation applies for passenger movements, such as the usage of the different, but interconnected modes of a public transit system, it is over freight transportation that the most significant impacts have been observed. Containerization has been a powerful vector of intermodal integration, enabling maritime and land transportation modes to more effectively interconnect. 

Telecommunications. Cover a grey area in terms of if they can be considered as a transport mode since unlike true transportation, telecommunications often does not have a physicality. Yet, they are structured as networks with a practically unlimited capacity with very low constraints, which may include the physiography and oceanic masses that may impair the setting of cables. They provide for the instantaneous movement of information (speed of light in theory). Wave transmissions, because of their limited coverage, often require substations, such as for cellular phone networks. Satellites are often using a geostationary orbit which is getting crowded. High network costs and low distribution costs characterize many telecommunication networks, which are linked to the tertiary and quaternary sectors (stock markets, business to business information networks, etc). Telecommunications can provide a substitution for personal movements in some economic sectors. 

Types of Ports and Harbors

A harbor is a bay, cove, inlet, or recess of the sea or a lake, or the mouth of a river in which ships can enter and be sheltered from wind and waves. A port is a harbor with facilities for the docking of ships, cargo handling and storage, and transfer of passengers between land and waterborne transportation.   A marina is a shallow draft harbor for small, predominately recreational craft. Small-craft harbors accommodate commercial operations or waterborne transportation operations, or both, as well as recreational boats of various sizes. Harbor and marina engineering is concerned with the design of available waterways in harbors, protective structures, docks, and the facilities for servicing boats or ships.
Harbors may be classified as natural, semi-natural, or artificial, and as harbors of refuge, military harbors, or commercial harbors. Commercial harbors may be either municipal or privately owned
.

-A natural harbor is an inlet or water area protected from storms and waves by the natural configuration of the land. Its entrance is so formed and located as to facilitate navigation while ensuring comparative quiet within the harbor.

Natural harbors are located in bays, tidal estuaries, and river mouths. Well-known natural harbors are New York, San Francisco, and Rio de Janeiro.

-A semi-natural harbor may be an inlet or a river sheltered on two sides by headlands requiring artificial protection only at the entrance. Next to a purely natural harbor, it forms the most desirable harbor site, other things being equal. Plymouth and Cherbourg take advantage of their natural locationto become well-protected harbors by the addition of detached breakwaters at the entrances.

-An artificial harbor is one protected from the effect of waves by breakwaters or one created by dredging. Buffalo, New York; Matarani, Peru; Hamburg, Germany; and Le Havre, France, are examples of artificial harbors.

A harbor of refuge may be used solely as a haven for ships in a storm, or it may be part of a commercial harbor. Sometimes an outer harbor serves as an anchorage, while a basin within the inner breakwater constitutes a commercial harbor.

The essential features are good anchorage and safe and easy access from the sea during any condition of weather and state of tide. Well-known harbors of refuge are the one at Sandy Bay, near Cape Ann, Massachusetts, and that at the mouth of Delaware Bay. A fine example of a combined harbor of refuge and commercial harbor exists at Dover, England. A military harbor or naval base accommodates naval vessels and serves as a supply depot. Guantanamo, Cuba; Hampton Roads, Virginia; and Pearl Harbor, Hawaii, are some well-known naval bases.

-A commercial harbor is one in which docks are provided with the necessary facilities for loading and discharging cargo. Drydocks are sometimes provided for ship repairs. Many commercial harborsare privately owned and operated by companies representing the steel, aluminum, copper, oil, coal, timber, fertilizer, sugar, fruit, chemical, and other industries. Municipal- or government-controlled harbors, often operated by port authorities, exist in many countries and are usually part of extensive port works, such as the harbors in New York, Los Angeles, and London.

-A port is a harbor where marine terminal facilities are provided. These consist of piers or wharves at which ships berth while loading or unloading passengers and cargo, transit sheds and other storage areas where ships may discharge incoming cargo, and arehouses where goods may be stored for longer periods while awaiting distribution or sailing. The terminal must be served by railroad, highway, or inland-waterway connections.

In this respect the area of influence of the port reaches out for a considerable distance beyond the harbor. A port of entry is a designated location where foreign goods and foreign citizens may be cleared through a custom house.
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Port Terminals
Ports are points of convergence between two domains of freight circulation (sometimes passengers); the land and maritime domains. The term port comes from the Latin portus, which means gate or gateway. Ports are bound by the need to serve ships, and so access to navigable water has been historically the most important site consideration. Before the industrial revolution, ships were the most efficient means of transporting goods, and thus port sites were frequently chosen at the head of water navigation, the most upstream site. Many major cities owed their early pre-eminence to this fact, such as London on the Thames, Montreal on the St. Lawrence River or Guangzhou on the Pearl River. Ship draft was small, so many sites were suitable. Sites on tidal waterways created a particular problem for shipping because of the twice-daily rise and fall of water levels at the berths, and by the Eighteenth Century the technology of enclosed docks, with lock gates was developed to mitigate this problem. Because ship transfers were slow, and vessels typically spent weeks in ports, a large number of berths were required. This frequently gave rise to the construction of piers and jetties to increase the number of berths per given length of shoreline.

As terminals, ports handle the largest amounts of freight, more than any other types of terminals combined. To handle this freight, port infrastructures jointly have to accommodate transshipment activities both on ships and inland and thus facilitate convergence between land transport and maritime systems. In many parts of the world, ports are the points of convergence from which inland transport systems, particularly rail, were laid. Considering the operational characteristics of maritime transportation, the location of ports is constrained to a limited array of sites, mostly defined by geography. Most ports, especially those that are ancient, owe their initial emergence to their site as the great majority of harbors are taking advantage of a natural coastline or a natural site along a river. Many port sites are constrained by:

Maritime access. Refers to the physical capacity of the site to accommodate ship operations. It includes the tidal range, which is the difference between the high and low tide, as normal ship operations cannot handle variations of more than 3 meters. Channel and berth depths are also very important to accommodate modern cargo ships. A standard Panamax ship of 65,000 deadweight tons requires more than 12 meters (40 feet) of depth. However, about 70% of world ports have depths of less then 10 meters and are unable to accommodate ships of more than 200 meters in length. In view of the construction of larger ships, namely tankers and containerships, many port sites found themselves unable to provide maritime access to modern cargo operations. Since container terminals were constructed much more recently, they have a better nautical profile as depth and available space were fundamental factors in site selection. There is thus a pressure in increase channel depth where possible, but this is a costly and environmentally damaging endeavor. Many ports are also impacted by sedimentation, particularly ports in river deltas. This requires continuous dredging operations, which adds to the costs of port operations. 

Maritime interface. Indicates the amount of space that is available to support maritime access, namely the amount of shoreline that has good maritime access. This attribute is very important since ports are linear entities. Even if a port site has an excellent maritime access, namely deep water waterways, there may not be enough land available to guarantee its future development and expansion. Containerization has expanded the land consumption requirements of many ports. It is therefore not surprising to see that modern port expansion projects involve significant capital investments to create artificial port facilities. 

Infrastructures and equipment. The site, to be efficiently used, must have infrastructures such as piers, basins, stacking or storage areas, warehouses, and equipment such as cranes, representing an important accumulation of capital. In turn, these infrastructures consume land which must be available to insure port expansion. Keeping up with the investment requirements of modern port operations has become a challenge for many ports, particularly in light of containerization which requires substantial amounts of terminal space to operate. 

Land access. Access from the port to industrial complexes and markets insure its growth and importance. This requires efficient inland distribution systems, such as fluvial, rail (mainly for containers) and road transportation. The land access to ports located in densely populated areas is facing increasing congestion. For instance, the ports of Los Angeles and Long Beach invested massively to develop the Alameda rail corridor in an attempt to promote inland access and reduce truck congestion. There is also an array of problems related to port infrastructures. Ports along rivers are continuously facing dredging problems and the width of rivers is strongly limiting their capacity since it provides constraints to navigation. Rarely a port along a river has the capacity to handle to new generation of giant ships, namely Post Panamax containerships, which have put additional pressures on port infrastructures to accommodate the transshipment generated by these ships. Ports next to the sea are commonly facing a lateral spread of their infrastructures. Several ports have growth problems that force them to spread their infrastructures far from the original port sites. Since ports are generally old, and in several cases were responsible for urban growth, they are located nearby central areas. This is creating congestion problems where the transport network has the least capacity to be improved.

The city and the port are often competing for the same land, which can create priority problems (port versus waterfront development for instance). Ports thus have a complex set of relationships, sometimes conflicting, with the cities they service, often a function of the port and city size. The pressure of many ports on their sites is even more demanding than those of airports because they have to be adjacent to deep water. Such sites are very limited, and may give rise to conflicts with the city at large that sees waterfront land as potential park space, or as environmentally sensitive. Many ports are now constrained by urban and environmental pressures, which did not exist when the existing facilities were developed.

Port Functions
The main function of a port is to supply services to freight (warehousing, transshipment, etc.) and ships (piers, refueling, repairs, etc.). Consequently, it is misleading to consider a port strictly as a maritime terminal since it acts concomitantly as a land terminal where inland traffic originates or ends. Ports are becoming increasingly regional in their dynamics, which represents a new development from their traditional local function, namely as industrial complexes. For instance, the port of Hong Kong owes its wealth to its natural site and its geographical position of a transit harbor for southern China. A similar function is assumed by Shanghai for central China with the Yangtze river system. Singapore, for its part, is been favored by its location at the outlet of the strategic Strait of Malacca and is therefore a point of convergence of Southeast Asian transportation. More than 90% if the traffic it handles is strictly transshipments. New York has traditionally acted as the gateway of the North American Midwest through the Hudson / Erie canal system, a function which Western European ports such as Rotterdam or Antwerp perform with their access to the Rhine system. About commercial 4,600 ports are in operation worldwide, but only less than one hundred ports have a global importance. Maritime traffic thus has a high level of concentration in a limited number of large ports, a process mainly attributed constraints related to maritime access and infrastructure development. Major ports have established themselves as gateways of continental distribution systems and have access to high capacity inland freight distribution corridors, notably rail. Such a position is very difficult to challenge unless a port is facing acute congestion forcing maritime shipping companies to seek alternatives. In terms of the freight they handle, ports can be classified in two categories; monofunctionnal ports and polyfunctionnal ports.

Monofunctionnal ports transit a limited array of commodities, most often dry or liquid bulks (raw materials). The oil ports of the Persian Gulf or the mineral ports of Australia, Africa and in some measure of Canada are monofunctional ports. They have specialized piers designed to handle specific commodities and where the flows a commonly outbound.

Polyfunctionnal ports are vast harbors where several transshipment and industrial activities are present. They have a variety of specialized and general cargo piers linked to a wide variety of modes that can include containers, bulk cargo or raw materials.

The gradual shift from conventional break-bulk terminals to container terminals since the early 1960s brought about a fundamental change in the function and layout of terminals. Containerized transportation has substantially changed port dynamics to favor the emergence of specialized container ports. Containerization has consequently become a fundamental function of global port operations and has substantially changed the structure and configuration of port terminals that tend to occupy more space.

Port Authorities and Port Holdings
Due to the growing level of complexity of port operations, public port authorities were created at the beginning of the 20th century. For instance, the London Port Authority, the world's first, was established in 1908 by consolidating all the existing harbor facilities. Such a management structure became a standard that was adapted to many other ports. For North America, in 1921, the States of New York and New Jersey created the Port Authority of New York and New Jersey, which has become one of the world's most diversified port authority with a portfolio including port facilities, bridges, airports and public transit systems. Administratively, port authorities are regulating infrastructure investments, its organization and development and its relationships with customers using its services.

Port Authority. An entity of state or local government that owns, operates, or otherwise provides wharf, dock and other marine terminal investments and services at ports.

The main rationale behind the setting of many port authorities was their ability to manage more efficiently port facilities as a whole rather than privately owned and operated terminals. Since port facilities were becoming more complex and more capital intensive, it was perceived that public agencies would be better placed to raise investment capital and mitigate the risk of such investments. Port authorities tend to be vertically integrated entities as they are involved in most of the activities related to port operations, from the construction and maintenance of infrastructure to the marketing and management of port services. Yet, their activities were limited within their jurisdictions, an attribute that became increasingly at odds with the transformations of the maritime shipping industry through globalization.

In the past ports were dominantly managed in their entirety by port authorities that were selling transshipment and other port services. On some occasions, terminals were leased to private companies. This privatization marks a reversal in the trend of having ports as public entities since many became inefficient, unable to cope with market pressures (performance, reliability and quality of service) and provide adequate financing for infrastructure and equipment becoming increasingly capital intensive. As public agencies, many port authorities were seen by governments as a source of revenue and were mandated to perform various non-revenue generating community projects, or at least provide employment.

The emergence of specialized and capital intensive container terminals servicing global trade has created a new environment for the management of port terminals, both for the port authorities and the terminal operators. Port authorities are gradually incited to look at a new array of issues related to the governance of their area and are increasingly acting as cluster managers. For port operations that have conventionally be assumed by port authorities, a significant trend has been an increase in the role of private operators where major port holdings have emerged with the purpose to manage a wide array of terminals, the great majority of which are containerized.

Port holding. An entity, commonly private, that owns or lease port terminals in a variety of locations. It is also known as a port terminal operator.

A "terminalization" of ports is taking place where different terminals within the same port are owned (or leased) and operated by different operators. As of 2005, port holdings accounted for over 58% of container port capacity and 67% of global containerized throughput. In an era characterized by lower levels of direct public involvement in the management of transport terminals and port privatization, specialized companies involved in the management of port terminals are finding opportunities. They thus tend to be horizontally integrated entities focusing on terminal operations in a variety of locations. The main tool for global port operators to achieve control of port terminals has been through concession agreements.

A concession agreement is a long-term lease of port facilities involving the requirement that the concessionaire undertakes capital investments to build, expand, or maintain the cargo-handling facilities, equipment, and infrastructure to satisfy a minimum level.

A number of issues are involved in the decision of a terminal operator to invest in a particularly port, namely the transparency of the bidding process and the quality of infrastructures (port and inland). The market potential however remains one of the determining criteria. The range of port terminals controlled by port holdings covers several of the largest freight markets. As globalization permitted the emergence of large multinational corporations managing assets in a variety of locations, global port holdings are a similar trend concerning the management of port terminal assets. 

Port Evolution and Development
The evolution of transport terminal development has been examined most extensively in port site studies. Port terminals and activities, as documented, tend to expand away from their original sites towards locations offering better maritime and land access. The site of the port is thus the object of a process of valorization through capital investments in infrastructures, the convergence of inland and maritime transport networks with their flows as well as the complex management of the concerned supply chains. Port development can be perceived within a sequential perspective, where each phase builds upon the previous, from port cities of the 19th century to the emerging port logistics network of the 21st century. 

Conventionally, port terminals where located close to city cores as many where the initial rationale for the existence of the city. The proximity to downtown areas also insured the availability of large pools of workers to perform the labor intensive transshipment activities that used to characterize port operations. At their peak in the early 1950sm ports such as London and New York each employed more than 50,000 dock workers. Over time, changes in ships and handling equipment gave rise to new site requirements. By the post World War II period a growing specialization of vessels emerged, especially the development of bulk carriers. These ships were the first to achieve significant economies of scale, and their size grew very quickly. For example, the world’s largest oil tanker in 1947 was only 27,000 dwt., by the mid 1970’s it was in excess of 500,000 dwt. There was thus a growing vessel specialization using semi-automated transshipment equipment and increase in size which resulted in new site requirements, especially the need for dock space and greater water depths. 

The mechanization of cargo handling and the storage requirements because of greater vessel capacities have greatly extended the space demands for port activities. Many ports, such as Rotterdam and Antwerp are larger in area than the cities they serve, and even more space-intensive ports, such as Montreal, are in excess of 500 hectares in area. The expansion of Chinese ports, such as Shanghai, has required altogether the use of entirely new sites outside central areas. Further, growing ship sizes have implied several new constraints for port sites such as deeper waterways, larger terminal space, both for ship handling and warehousing, and more efficient inland road and rail access. Modern port infrastructures are often intensive in capital and several port authorities are struggling to keep up with large infrastructure investment requirements. However, the presence of infrastructures does not necessarily guarantee traffic as maritime companies can select the ports they service as business opportunities changes. 
Regionalization and Transshipment Hubs
The current port development phase underlines that ports are going beyond their own facilities to help accommodate additional traffic and the complexity of freight distribution, namely by improving hinterland transportation. Port regionalization is such an outcome and indicates a higher level of integration between maritime and inland transport systems, particularly by using rail and barge transportation, which are less prone to congestion than road transportation. The development of global supply chains increased the pressure on maritime transport, port operations, and on inland freight distribution. Inland accessibility has become a cornerstone in port competitiveness. Port regionalization is characterized by strong functional interdependency and even joint development of a specific load center and logistics platforms in the hinterland. This leads ultimately to the formation of a regional load center network, strengthening the position of the port as a gateway. Many factors favor the emergence of this phase, namely:

Local constraints. Ports, especially large gateways, are facing a wide array of local constraints that impair their growth and efficiency. The lack of available land for expansion is among one of the most acute problem. This issue is exacerbated by the deepwater requirements for handling larger ships. Increased port traffic may also lead to diseconomies as local road and rail systems are heavily burdened. Environmental constraints and local opposition to port development are also of significance. Port regionalization thus enables to partially circumscribe local constraints by externalizing them. 

Global changes. Global production and consumption have substantially changed distribution with the emergence of regional production systems as well as large consumption markets. No single locality can service efficiently the distribution requirements of such a complex web of activities. For instance, globally integrated Free Trade Zones have emerged near many load centers, but seeing a FTZ as a functionally integrated entity may be misleading as each activity has its own supply chain. Port regionalization thus permits the development of a distribution network that corresponds more closely to fragmented production and consumption systems.  In 2008, about 530 million container were handled by container ports, with a notable growth in containers transshipped at intermediate locations as well as the repositioning of empty containers. An outcome has been the growing share of transshipments in regard to the totality of maritime containerized traffic, from around 11% in 1980 to about 28% in 2005. The number of times a container is handled at a port is also increasing, underlining the setting of complex containerized transport chains as well as the growing difficulties of transferring cargo into large containerships. The success of major container ports is jointly the outcome of a shift to containerized shipping in new industrializing regions (containerized commodity chains), the quality of their infrastructure and services and an efficient interface with inland transport systems. Still, container traffic is subject to fluctuations mainly related to seasonal variations in the demand. An important emerging function for several container port terminals involves transshipments (ship-to-ship). For obvious reasons, it is impossible to connect directly all possible port pairs, so transshipment is required to insure connectivity within the global trading system. Maritime shipping companies also elect for transshipment as a way to use more rationally their networks. In a conventional pendulum container service, a maritime range such as the American East Coast or Western Europe involve several port calls. If the volume is not sufficient, this may impose additional costs for maritime companies that are facing the dilemma between market coverage and operational efficiency. This is particularly the case with the growing size of containerships that forces a lower number of port calls. By using an intermediate hub terminal in conjunction with short sea shipping services, it is possible to reduce the number of port calls and increase the throughput of the port calls left.

An intermediate hub (or transshipment hub) is a port terminal used for ship-to-ship operations within a maritime transport system. These operations do not take place directly, which requires the temporary storage of containers in the port's yard. The term offshore hub has often been used to characterize such locations but this definition is seen as inaccurate since many are not located offshore but at conventional port locations. The definition should thus reflect the function, not the setting of such terminals.There are several patterns in which intermediate hubs can be inserted by connecting long distance and short distance (feeder) maritime services, by connecting different long distance services and by connecting services calling different ports along a similar maritime range. Intermediate hub terminals can thus become effective competitive tools since the frequency and possibly the timeliness of services can be improved. By using an intermediate hub terminal in conjunction with short sea shipping services, often organized as small pendulum services, it is possible to reduce the number of port calls and increase the throughput of the port calls left.While in theory intermediate hubs do not have an hinterland, but a significant foreland, the impact of feedering (mainly be short sea shipping) confers them a significant indirect hinterland. Feedering combines short sea and deep sea containerized shipping at a hub where traffic is redistributed. The usage of larger containerships has lead to the concentration of traffic at terminals able to accommodate them in terms of draft and transshipment capacity. Smaller ports, particularly those well connected to inland transport systems, become feeders through the use of short sea shipping. As the transshipment business remains a highly volatile business, offshore hubs might sooner or later show ambition to develop services that add value to the cargo instead of simply moving boxes between vessels. These ambitions could trigger the creation of logistics zones within or in the vicinity of the port area, in many cases connected to the status of Free Trade Zone. 

Port Sites

There is a vast array of port sites linked to varied nautical profiles
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Mainland Ports. These ports are linked to a major river, which is often serving a vast hinterland. There are ports in a delta (New Orleans, Bangkok), at the margin of a delta (Calcutta, Rangoon, and Rotterdam), in an estuary (Le Havre, New York, Buenos Aires), near an estuary (Liverpool, Lisbon, Quebec) or along a river (Montreal, Antwerp, Portland). For instance, one of the oldest ports in the world, Ostia, was at the mouth of the Tiber river and acted as Rome's port. 

Seaports. These ports have direct access to the sea. They are in bays (Tokyo), natural harbors (San Francisco, Rabaul), or protected locations (Gdansk: sand dunes, Dakar: islands, Honolulu: reefs). 

Harbor Layout

The number and size of ships using a harbor determine its size to a large extent, but existing site conditions are also an important influence. Generally, unless the harbor is a natural one, its size will be kept as small as feasible for safe and reasonably comfortable operations to take place. Use of tugs to assist maneuvering of ships in docking may also influence the size of the harbor.
Harbor Types
There are eight major types of harbors:
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Coastal natural. Represents a sheltered site the outcome of a natural profile of the coast, creating a natural barrier such as a cape, a reef or an island. The above image depicts the harbor of Kingston, Jamaica. About 2,100 (46.0%) ports are in this category, underlining that the selection of a port site is dominantly influenced by the quality of the harbor. 

Coastal breakwater. An harbor lying behind an artificial breakwater construction, built from scratch or built to add to an existing natural shelter. It is particularly the case for harbors exposed to dominant winds, waves or the sea currents. Sherbourg, France is here depicted. About 810 ports (17.6%) are in this category. Coastal tide gates. An harbor behind a set of locks or other mechanical devices built to insure sufficient water levels in the harbor for all tide levels. In many cases ships can enter or exit the port only at certain times of the day when water levels are adequate. Only 39 (0.8%) such ports exist, such as Mumbai, India depicted above. 

River natural. An harbor located along a river where water is not retained in any artificial means. The harbor often consists of quays or wharves parallel to the river banks. Piers may also extend into the river. About 850 (18.5%) such ports exist, such as Jacksonville, Florida. 

River basins. A river harbor where basins have been excavated to accommodate ships, often parallel to the flow of the river. This confers the advantage of additional berth space without impeding fluvial navigation. 77 (1.6%) such ports exist, including Bremen, Germany. 

River tide gates. A river harbor behind a set of locks or other mechanical devices built to insure sufficient water levels in the harbor for all tide levels. Such harbors tend to be located close to the ocean, such as in a river delta or estuary for the case of Bremenhaven, Germany (estuary of the river Weser). Only 47 (1.0%) such ports exist. 

Canal or lake. A harbor located along an artificial canal or by a river accessible through a navigable waterway. 67 (1.4%) such ports exist, including Brugge, Belgium. 

Open roadstead. An harbor with no natural or artificial protection. They are often built to accommodate very large ships (such as oil tankers) or are in a setting where there are limited tides, implying that sheltering infrastructure are much less required (Persian Gulf, Red Sea, Gulf of Mexico). 580 (12.5%) ports are in this category, including Ra's at Tannurah, Saudi Arabia, a major oil port in the Persian Gulf. 

Number of Large and Medium Ports by Channel Depth
The number of large ports that can accommodate a post-Panamax containership is seriously limited, since these ships require a channel depth of about 40 feet. This figure only considers port access channel depth as docking depth may limit the number of piers that can accommodate a deep draft vessel within a port. Once the 45 feet threshold is exceeded, the number of ports that can accommodate such a draft falls dramatically. The building of larger containerships, namely the post-Panamax plus class (draft of about 45 feet), thus has limitations in terms of ports that could be serviced.
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Port Structures

A marine terminal is that part of a port or harbor that provides docking, cargo-handling, and storage facilities. When only passengers embark and disembark along with their baggage and miscellaneous small cargo, generally from ships devoted mainly to the carrying of passengers, it is called a passenger terminal. When the traffic is mainly cargo carried by freighters, although many of these ships may carry also a few passengers, the terminal is commonly referred to as freight or cargo terminal. In many cases, it is known as a bulk cargo terminal, where such products as petroleum, cement, and grain are stored and handled.

Docking facilities may consist of a single pier or as many as 1000 piers. The number of berths depends on the anticipated number of ships that will use the port and the time it will take to discharge and take on cargo or passengers. This will vary for different kinds of cargo, but usually a vessel will not be in port more than 48 h. Many bulk cargo ships are loaded in 24 h or less.

Wharves and piers should be located in the most sheltered part of the harbor or along the lee side of the breakwaters. Where possible, piers should be so oriented as to have ships alongside headed as nearly into the wind and waves as possible.

This is particularly important if the harbor is not well-protected. Onshore marine-terminal facilities may consist of one or more of the following, depending on the size of the port and the service it renders: Transit sheds are located immediately in back of the apron on a pier or wharf. Their function is to store for a short period of time cargo awaiting loading or distribution after being unloaded from ships.

Warehouses may replace transit sheds at some marine terminals. But when used to supplement sheds, warehouses are usually located inland and not on the pier structure.

Bulk storage may be in open piles over conveyor tunnels, which may be covered with sheds when protection from the elements is required; in bins and silos or elevators (for grain storage); or in storage tanks (for liquids). These should be located as near the waterfront as possible,

and sometimes directly alongside the wharf or pier, to enable direct loading into the hold of the ship.

A terminal building houses port-administration personnel and custom officials if a separate custom house is not provided. The terminal building should be located in a prominent and convenient location with respect to the docks.

Guardhouses are located at strategic points in the port area, such as the entrance gates of highways and railways, entrances to piers or terminal areas, bonded storage, and so on.

Stevedores’ warehouses house cargo-handling gear, wash and locker rooms, and other facilities for stevedores.

Miscellaneous buildings and structures include a fire house and fire-fighting equipment, power plant, garages, repair shops, drydocks, marine railways, fishing piers, or yacht basins.

Maritime Routes
From its modest origins as Egyptian coastal sailships around 3,200 BC, maritime transportation has always been the dominant support of global trade. By 1,200 BC Egyptian ships traded as far as Sumatra, representing one of the longest maritime route of that time. With the development of the steam engine in the mid 19th century, this role expanded considerably as ships were no longer subject to dominant wind patterns. This long term attribute has been reinforced by recent trends where changes in international trade and seaborne trade are interrelated. Maritime transportation, like all transportation, is a derived demand. As of 2006, seaborne trade accounted for 89.6% of global trade in terms of volume and 70.1%  in terms of value. Maritime shipping is one of the most globalized industry in terms of ownership.

Maritime transportation, similar to land and air modes, operates on its own space, which is at the same time geographical by its physical attributes, strategic by its control and commercial by its usage. While geographical considerations tend to be constant in time, strategic and especially commercial considerations are much more dynamic. The physiography of maritime transportation is composed of two major elements, which are rivers and oceans. Although they are connected, each represents a specific domain of maritime circulation. The notion of maritime transportation rests on the existence of regular itineraries, better known as maritime routes.

Maritime routes. Corridors of a few kilometers in width trying to avoid the discontinuities of land transport by linking ports, the main elements of the maritime / land interface. Maritime routes are a function of obligatory points of passage, which are strategic places, of physical constraints (coasts, winds, marine currents, depth, reefs, ice) and of political borders. As a result, maritime routes draw arcs on the earth water surface as intercontinental maritime transportation tries to follow the great circle distance. 

The most recent technological transformations affecting water transport have focused on modifying water canals (such as dredging port channels to higher depths), and on increasing the size, the automation and the specialization of vessels (e.g. container ships, tanker, bulk carrier). These transformations partially explain the development of a maritime traffic that has been adapting to increasing energy demand (mainly fossil fuels), the movements of raw materials and the location of major grain markets. Yet, this process is not uniform and various level of connectivity to global shipping networks are being observed. This massification of transport into regular flows over long distances is not without consequences when accidents affecting oil tankers can lead to major ecological disasters (e.g. Amoco Cadiz, Exxon Valdez).

The importance and configuration of maritime routes has changed with economic development and technical improvements. For instance, containerization changed the configuration of freight routes with innovative services. Prior to containerization, loading or unloading a ship was a very expensive and time consuming task and a cargo ship typically spent more time docked than at sea. With faster and lower transshipment costs pendulum routes, which tend to be highly flexible in terms of which ports are serviced, have however emerged as the favorite form of containerized maritime circulation.

Pendulum service. Involves a set of sequential port calls along a maritime range, commonly including a transoceanic service from ports in another range and structured as a continuous loop. They are almost exclusively used for container transportation with the purpose of servicing a market by balancing the number of port calls and the frequency of services.

Not every territory has a direct access to the ocean. Maritime enclaves are such countries that have difficulties to undertake maritime trade since they are not part of an oceanic domain of maritime circulation. This requires agreements with neighboring countries to have access to a port facility through a road, a rail line or through a river. However, being an enclave does not necessarily imply an exclusion from international trade, but substantially higher transport costs which may impair economic development.

Maritime Freight
Maritime traffic is dominantly focused on freight. Before the era of intercontinental air transportation, transcontinental passenger services were assumed by liner passenger ships, dominantly over the North Atlantic. Passengers are now a marginal leisure function solely serviced by cruise shipping. Several oceanic ferry services are also in operation over short distances, namely in Western Europe (Channel; Baltic Sea), Japan and Southeast Asia (Indonesia). The systematic growth of maritime freight traffic has been fueled by:

Increase in energy and mineral cargoes derived from a growing demand from developed economies of North America, Europe and Japan. For instance, coal is mainly used for energy generation and steel-making. Many developing countries, such as China, are also increasingly involved in importing raw materials. 

Globalization that went on par with an international division of the production and trade liberalization. 

Technical improvements in ship and maritime terminals have facilitated the flows of freight. 

Economies of scale permitted maritime transportation to remain a low cost mode, a trend which has been strengthened by containerization. 

Maritime traffic is commonly measured in deadweight tons, which refers to the amount of cargo that can be loaded on an "empty" ship, without exceeding its operational design limits. This limit is often identified as a loadline, which is the maximal draft of the ship. Maritime freight is conventionally considered in two categories:

Bulk cargo. Refers to freight, both dry or liquid, that is not packaged such as minerals (oil, coal, iron ore) and grains. It often requires the use of specialized ships such as oil tankers as well as specialized transshipment and storage facilities. Conventionally, this cargo has a single origin, destination and client. It is also prone to economies of scale. 

Break-bulk cargo. Refers to general cargo that has been packaged in some way with the use of bags, boxes or drums. This cargo tends to have numerous origins, destinations and clients. Before containerization, economies of scale were difficult to achieve with break-bulk cargo as the loading and unloading process was very labor and time consuming.

The global maritime shipping industry is serviced by about 22,000 vessels. There are four broad types of ships employed around the world:

Passenger vessels can be further divided into two categories: passenger ferries, where people are carried across relatively short bodies of water in a shuttle-type service, and cruise ships, where passengers are taken on vacation trips of various durations, usually over several days. The former tend to be smaller and faster vessels, the latter are usually very large capacity ships having a full range of amenities. In 2005, about 11 million passengers were serviced by cruise ships, underlining an industry with much growth potential. 

Bulk carriers are ships designed to carry specific commodities, and are differentiated into liquid bulk and dry bulk vessels. They include the largest vessels afloat. The largest tankers, the Ultra Large Crude Carriers (ULCC) are up to 500,000 deadweight tons (dwt), with the more typical size being between 250,000 and 350,000 dwt; the largest dry bulk carriers are around 350,000 dwt, while the more typical size is between 100,000 and 150,000 dwt. The emergence of liquefied natural gas technology enabled the maritime trade of natural gas with specialized ships. 

General cargo ships are vessels designed to carry non-bulk cargoes. The traditional ships were less than 10,000 dwt, because of extremely slow loading and off-loading. Since the 1960s these vessels have been replaced by container ships because they can be loaded more rapidly and efficiently, permitting a better application of economies of scale. 

Roll on-Roll off (RORO) vessels, which are designed to allow cars, trucks and trains to be loaded directly on board. Originally appearing as ferries, these vessels are used on deep-sea trades and are much larger than the typical a ferry. The largest are the car carriers that transport vehicles from assembly plants to the main markets. 

The distinctions in vessel types are further differentiated by the kinds of services on which they are deployed. Bulk ships tend to operate on both on a regular schedule between two ports or on voyage basis. In the latter case the ship may haul cargoes between different ports based on demand. General cargo vessels operate on liner services, in which the vessels are employed on a regular scheduled service between fixed ports of call, or as tramp ships, where the vessels have no schedule and move between ports based on cargo availability. 
Cabotage. Transport between two terminals (a terminal of loading/embarkment and a terminal of unloading/ disembarkment) located in the same country irrespective of the country in which the mode providing the service is registered. Cabotage is often subject to restrictions and regulations. Under such circumstances, each nation reserves for its national carriers the right to move domestic freight or passengers traffic.

Many cabotage laws were implemented, such as the Passenger Services Act of 1886, which placed cabotage restrictions on oceanborne passenger travel in the United States. In the same line, the Merchant Marine (Jones) Act of 1920 implemented cabotage regulations for freight. The emergence of short sea shipping has challenged this setting in recent years. Defining short sea shipping is complex as it can involve different vessels (container feeder vessels, ferries, fast ships, etc..), tramp or liner operations, a variety of cargo handling techniques (horizontal, vertical or a mixture of both) and different types of ports of loading or discharge. In an intermodal freight context, two major types of short sea shipping can be distinguished:

Feeder services from transshipment hubs to feeder ports and vice versa. These services can be arranged on a direct hub port to feeder port base or can follow a line bundling set-up with several feeder ports of call per vessel rotation. They tend to use regular containerships, but of smaller size (often aptly called feeder ships. Cabotage services between ports of the same economic region, as for instance within Europe or North America. 

Shipping Services and Networks
The shipping industry has a very international character. This is reflected particularly in terms of ownership and flagging. The ownership of ships is very broad. While a ship may be owned by a Greek family or a US Corporation, it may be flagged under another nationality. The use of flags of convenience is a mean by which ship owners can obtain lower registration fees, lower operating costs and fewer restrictions. The maritime industry is now more deregulated than before because of technical changes, mainly containerization and open registry ships operating under fiscal shelters. By 2007, about 65% of the global tonnage was registered under a flag of convenience. The maritime shipping industry offers two major types of services: 

Charter services (also known as Tramp). In this form of service a maritime company rents a ship for a specific purpose, commonly between a specific port of origin and destination. This type of shipping service is notably used in the case of bulk cargo, such as petroleum, iron ore, grain or coal, often requiring specialized cargo ships that become the load unit. 

Liner shipping services. Involves a regular scheduled shipping service often calling several ports along a pendulum route. The emergence of post-panamax containerships has favored the setting of pendulum services since the maritime landbridge of Panama is no longer accessible to this new class of ships. To insure reliability, frequency and a specific level of service (in terms of port calls), many ships can be allocated to a single route, which can take different shapes. For instance, to insure a weekly port call, 8 vessels must be allocated for a pendulum service between Europe and Pacific Asia and about 5 vessels for a trans-Atlantic service. These maritime shipping services are available to any freight importer of exporter, implying that the cargo being carried on any given ship belongs to different interests. A growing share of liner services is containerized. 

An important historic feature of oceanic liner transport is the operation of "conferences". These are formal agreements between companies engaged on particular trading routes. They fix the rates charged by the individual lines, operating for example between Northern Europe and the East Coast of North America, or eastbound between Northern Asia and the West Coast of North America. Over the years in excess of 100 such conference arrangements have been established. While they may be seen as anti-competitive, the conference system has always escaped prosecution from national anti-trust agencies. This is because they are seen as a mechanism to stabilize rates in an industry that is inherently unstable, with significant variations in supply of ship capacity and market demand. By fixing rates exporters are given protection from swings in prices, and are guaranteed a regular level of service provision (Brooks, 2000). Firms compete on the basis of service provision rather than price.

Frequency of service. Frequency is linked with more timely services since the same port will be called at more often. A weekly call is considered to be the minimum level of service but since a growing share of production is time dependent, there is a pressure from customers to have a higher frequency of service. A trade-off between the frequency and the capacity of service is commonly observed. This trade-off is often mitigated on routes that service significant markets since larger ships can be used with the benefits of economies of scale. 

Fleet and vessel size. Due the basic maritime economics, large ships, such as post-panamax containerships, offer significant advantages over long distances. Shipping lines will obviously try to use this advantage over their long distance routes, keeping smaller ships for feeder services. In addition, a large enough number of ships must be allocated to insure a good frequency of service. To keep their operations consistent, shippers also try to have ships a similar size along their long distance pendulum routes. This is not an easy undertaking since economies of scale force the introduction of ever larger ships which cannot be added all at once due to extensive financial requirements and the capacity of shipbuilders to provide them. So each time a bigger ship is introduced on a regular route, the distribution system must adapt to this change in capacity. 

Number of port calls. A route that involves less port calls is likely to have lower average transit times in addition to requiring a lower number of ships. Conversely, to few port calls could involve difficulties for the cargo to reach inland destinations remote from the serviced ports. This implies additional delays and potentially the loss of customers. An appropriate selection of port calls along a maritime facade will help insure access to a vast commercial hinterland. Since many container shipping services have a pendulum structure, cabotage imposes some restrictions on these services.
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