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[bookmark: _Toc70369168]1.0 Introduction
This study will identify the different modes of transportation used in global freight mobilisation. Each of the mode’s characteristics and their impacts on global logistics will be discussed and compared against one another to determine if they compliment each other or compete with one another or both. Case studies will be used and analysed to give real life examples of the concepts of intermodal transport within the context of the global supply chain. 
[bookmark: _Toc70369169]2.0 Types of transport modes
According to Rodrigue, J. (2020) there are a diverse number of transport modes that travel across either the land, sea, or air. The modes of transportation are purposed to either carry freight, passengers or both, an example of this would be when a passenger plane carries both passengers, luggage and cargo, carrying the latter in the belly part of the plane (Mangan, 2016).  Furthermore Rodrigue, J. (2020) described that each mode had three types of characteristics which are:
· technical, 
· operational, and
· commercial characteristics.
The technical characteristics are phenomena such as: the capacity it holds, the speed it travels at and the type of motive power technology it uses. The technical characteristics gives informative specifications to the vehicle’s abilities and inabilities (Rodrigue, 2020; Grant, 2017).
Operational characteristics of transport modes would be considered to have features such as: hours of operation, the safety conditions and the vehicles speed limitations. The specifications of how the vehicle operates while performing its functions indicating its capabilities for use (Rodrigue, 2020; Grant, 2017).
Commercial characteristics is based on the vehicle’s profitability and the effects of its economic interaction. The type of mode and transport is competitive as demand for its ownership is influential in the global economy (Rodrigue, 2020; Grant, 2017).
[bookmark: _Toc70369170]2.1 Transport by land
[bookmark: _Toc70369171]2.1.1 Road transport
[bookmark: _Hlk70098188]The most dominant transport mode on land is road transport (Mangan, 2016; ‌Rushton, 2017). According to Rodrigue, J. (2020) the infrastructure for road transport takes up a considerable amount of space across the land. There are fewest physical constraints for road transportation than other modes of transport. However, in the construction process there are many physical constraints, for instance the type of terrain and rivers in the path of construction. Roads were used for farming and walking on originally, however it was motorised transport that has since shaped its development at the beginning of the 20th Century.
The flexibility of road transportation is due to the many different purposes a road vehicle can accommodate. However, vehicles tend to be bound to road infrastructure in general circumstances. Furthermore, both the road infrastructure and the road vehicles are costly with short longevity due to both constantly needing maintenance. Freight movement of small batches at a time are transported as swiftly as possible connecting ports to surrounding areas (Rodrigue, 2020). 
[bookmark: _Toc70369172]2.1.2 Rail Transport
Rodrigue, J. (2020) states that rail transport is a wheeled vehicle that is bound to the infrastructure designed for it, that stretches a line across terrain. There are alternative characteristics to the traditional rail system such as: maglev and monorails. Rail transport is commonly used for heavy industrial transportation, additionally since the invention of shipping containers the rail system has become more malleable by servicing other modes such as: road and maritime. The highest capacity transport mode by land would be by rail, supporting 23,000 tons of coal fully laden suggested to be the heaviest load ever transported by rail. There are several gauges around the globe restricting the ability to integrate the railway lines (Rodrigue, 2020). 
[bookmark: _Toc70369173]2.1.3 Pipeline transportation
Pipeline transportation is used to carry liquids or gases such as: petroleum, water, and natural gases. Pipelines usually cross long distances and travel across land and water in a manner deemed cost effective. The longest gas pipeline is 2,911 km long connecting Sarnia to Alberta and the longest oil pipeline is 9,344 km long connecting Serbia with the Russian arctic. There are not many physical constraints restricting pipeline transportation, however the costs do vary depending on the diameter, viscosity of the substance needed to be transported and the overall distance. The terminals’ for pipelines connects with harbours and refineries (Rodrigue, 2020). 
[bookmark: _Toc70369174]2.2 Transport by water
[bookmark: _Toc70369175]2.2.1 Maritime transportation
The most dominant mode for international transport is maritime (Mangan, 2016). Maritime transportation is efficient due to reduced friction on the vessels and their buoyancy to carry large volumes of cargo across the oceans, rivers, coasts, lakes and seas while achieving considerable distances. Most maritime activity would be found in the North Atlantic and North of the Pacific due to most of the trade is in northern economies. The maritime channels/locks are maintained by dredging them as a proactive means of preventing disruptions to the flow of cargo. However, maintenance of the maritime channels/locks is costly and found in regions such as: through China, the Amazon, Panama, the Mississippi and the Great Lakes system (Rodrigue, 2020). 
The terminals built for maritime transportation are very costly to construct, operate and maintain. Furthermore, to build and maintain the ships makes it the most expensive mode of transport. The heavy industry is closely associated with maritime transport servicing industries such as: petrochemical and steel. However, the rise of containerisation has allowed for the success of globalisation, allowing massive ranges of wares and commodities to be traded across the globe (Rodrigue, 2020). 
[bookmark: _Hlk70245583][bookmark: _Hlk70247050]Stevens, (2021) reported that a giant container ship (1,300ft) with a capacity to carry 20,000 containers called the Ever Given, got itself stuck in a horizontal position, parching itself by going aground on both edges of the Suez Canal and blocking it off for almost a week in the process (see in figure 1 below). The Suez Canal is one of the world’s busiest waterways with 50 ships passing through it every day, servicing 12% of global trade of $400 million an hours’ worth traveling along its 120-mile length in 2020. The impacts from the event will be felt throughout the supply chain in some way even though it has been freed the backlog at ports and the effects on logistics will result in chaos in the coming days adding to the impacts of the container shortage brought on by the buying boom as a result from Covid-19`s affects on the supply chain. In the report a director of the Global Resilience Institute Steven Flynn informed Pippa from CNBC News that a significant challenge would be to just-in-time systems due to the materials for production ordered to arrive only when they’re required resulting in production lines going on stop while waiting for materials. Flynn in the report continues by stating shipping system has never been this stressed before due to the severity of the backlog and it is needing an extremely complex solution to resolve the issue such as re-distributing and rebooting the system entirely (Stevens, 2021). 
The Ever Given is one of the largest of its kind and due to this a limited number of ports can accommodate vessels of this magnitude resulting in concentrated systems. The Ever Given was travelling from China to Rotterdam to unload containers at these larger ports to be leaden on to smaller vessels to reach the rest of Europe and the US that do not have the accommodation requirements for the larger ships to travel through. The small ports can’t take on the conflicted scheduling caused by the Suez Canal disruption as a reasonable solution due to 350 ships being the number cut off by the blockage. The effects are expected to last for months causing capacity issues for shipments coming from Asia to Europe. Other shipping companies such as Hapag-Lloyd rerouted their ships through the Cape of Good Hope, however causing lead times to increase by one week and additional fuel costs due to the extra distance travelled. Due to the disruption being mainly affecting Europe and Asia trade the effects should be minimal to the US. However, prices should rise due to the interconnectedness of the global supply chain (Stevens, 2021).
[bookmark: _Toc70369176]Figure 1
[image: A satellite image shows the Suez Canal blocked by the stranded container ship Ever Given in Egypt March 25, 2021, in this image obtained from Twitter page of Director General of Roscosmos Dmitry Rogozin. Picture taken March 25, 2021.]
(Stevens, 2021)
[bookmark: _Toc70369177]2.3 Transport by air
[bookmark: _Toc70369178]2.3.1 Air transportation
Air transport routes are mostly concentrated over Europe, North Pacific, North Atlantic, and North America, however air routes are found nearly everywhere on the Earth. A commercial aeroplane needs a long enough runway for take offs and landings, requiring around 3,300 meters in length. The climate and weather such as: wind and fog, that needs to be considered due to the risk that these environmental factors can disrupt, or halt operations. The air transportation sector provides a service for tourism and finance sectors and transporting passengers’ great distances. Furthermore, in recent times the air transport industry is accumulating ever larger quantities of high-value freight, making air transport a rising contributor to global logistics (Rodrigue, 2020).
[bookmark: _Toc70369179]2.4 Intermodal Transportation
The term intermodal transport refers to the use of multiple modes of transportation to get the most out of each mode by mixing modes along the journey. Intermodal transportation can be used to transport people or freight through interconnected modes of transport. Containerisation has been pivotal in the inter-connectability of freight transportation, having significant impacts on inter-modelism (Rodrigue, 2020).
[bookmark: _Toc70369180]3.0 Modal competition
Modal competition is when commercial advantage is made when considering what characteristics each has, to make the most viable decision considerations. There must be flexibility within each mode due to the demand for integrated transport systems. The modes either compete or compliment the other in ways such as: speed, accessibility, cost, frequency, comfort and safety. The three key conditions that exist to confirm modes are complementing each other are:
· Different geographical markets
· Different service levels
· Different transport markets
Suppose the markets were different, using complimentary modes would allow continuity of the transport system connecting international transport with national transport through a gateway used to transfer goods from one mode to another. Complimenting one another allows for a greater connection between different geographical markets (Rodrigue, 2020). 
When the accessibility and the markets are similar, by using niche services when two transport modes make available different service options there is an opportunity for the modes to complement each other. Time against cost are the leading complimentary factors (Rodrigue, 2020).
Different transport markets can allow for complimentary service between modes of transport. What is being transported such as: people or freight can highlight to what level the modes can compliment each other. The same market area can be serviced by different modes due to accessibility issues that could have a dependence on the mode in question. Rail and road modes can complement each other by one carrying fright and the other carrying passengers (Rodrigue, 2020; Corbett, 2009). 
[bookmark: _Toc70369181]4.0 Case study example
Jaguar Land Rover`s supply chain relies on its global supply chain, from supplying parts and materials upstream to delivering finished goods downstream. The logistics operation of both upstream and downstream is fulfilled by using different modes of transportation to move components and finished goods all over the globe. The components are consolidated at assembly plants and the finished product is then sent to customers in various locations via different modes of transport depending on the circumstance. Between Jaguar Land Rover`s upstream and downstream freight movements, the road haulage mode of transport covers 60 million miles per year. Furthermore, just the inbound of parts mobilised between the UK and Europe are at quantities of 120,000 parts collected from 800 suppliers from 20 countries with more than 5000 part-and-full loads to be collected from regions such as: Halewood, Solihull, and Castle Bromwich, with nine extra collected from cross dock centres at sites in the UK and Europe every week. The most desired method of road transport would be full truck loads (FTL). A full truck load of parts would come directly from the supplier and delivered directly to the plant. The least desired method of transporting materials by road is the less than full truck load (LTL). The LTL` happens when a distant supplier needs to send low volume components to the plant thus not filling the truck to its capacity and needing the load to go to a consolidation centre to be consolidated for the FLT tracks to deliver them to the plant (Mangan, 2016).
Jaguar Land Rover use rail transportation modes to distribute 25% of their finished cars to ports in the UK, and bulk quantities of inbound materials from suppliers with sufficient rail network links. The negative aspect of using rail is the lack of flexibility due to the mediation needed between Jaguar Land Rover and the rail network provider in regard to the need of freight mobilisation decisions and arrangements. The inability to provide adequate flexibility when amendments are needed such as quantities of materials or making time allowances for possible delays to load the carrier train. The consideration for air transport is only entertained for in emergency situations and special events where speed outweighs other variables. Air transportation modes are too costly to be a viable option for day-to-day transport. Jaguar Land Rover uses mostly road transport modes for their inbound freight for the cost and flexibility benefits to their business (Mangan, 2016).
Maritime transport modes are used to transport the assembled cars around the world via 11 UK ports utilised by Jaguar Land Rover. For large volumes destined for international mobilisation, deep seaports are used in areas such as: Portbury, Southampton, and Port Immingham to transport finished products to southern Europe, or globally via 100 ports with 15 of them in Europe. 98% of the cars transported using roll-on-roll-off vessels (RORO) and pure car carriers (PCC), the latter of which can carry 6000 automobiles onboard at time resulting in only 2% of automobiles being transported in shipping containers (Mangan, 2016).
Jaguar Land Rover needs to use multi-modal transportation to transport their finished goods from the factories to the ports (usually via road transport) and then from the ports across the waterway to the receiving port (usually RORO and PCC vessels) to then be transported to the dealers in the region (usually road transport) using three different logistic service providers (LSP) acquired by tendering services. The tendering process will assess the LSP against criteria such as: cost, travel time, quality and experience. The outbound movements of freight from Jaguar Land Rover are serviced my multiple modes due to the Frequencies, volume, long distances and how widespread the finished products need to travel to arrive at dealers/customers that could be almost anywhere in the world. The exception would be, if the destination did not have the appropriate infrastructure in place to receive shipments of freight from a certain transport mode. Furthermore, contractual terms may forbid certain modes of travel or customs restrictions and capacity issues at ports etc. Other factors effecting mode selection could be weather conditions at sea effecting travel times of freight, government regulation the vary from country to country, the products being too big for container movements and trying to minimise the environmental impacts by choosing more eco-friendly methods of transport (Christopher, 2005; Mangan, 2016; Grant, 2017).
[bookmark: _Toc70369182]5.0 Conclusion 
This research identified that transportation modes mobilise through three elements which are air, land, and water. Furthermore, for each element there are different modes such as road, rail, pipeline, air, and maritime/waterways using vehicles such as: trucks, trains, pipes, ships (container, RORO, PCC etc), and aeroplanes. The competition for each mode depends on the load carried, the volume, terms and conditions, infrastructure availability capacity issues and flexibility and cost. Intermodal transport is utilised by i.e., Jaguar Land Rover to transport their finished goods from plants to ports, and from ports to customers. The rise of the standard shipping container has paved the way for intermodal transportation allowing flexibility in mode or mixed mode choice. The global economy relies heavily on sea freight especially from Asia to the Northern hemisphere highlighting its fragility lately by the blockage at the Suez Canal causing major disruptions to ports and the supply of good mainly to Europe. The mixing of modes is used to complement each other’s strengths to make up for weaknesses allowing greater flexibility, improving efficiency and reducing costs.
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