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Abstract

In the logistics industry, the multimodal transportation method, which is to transport goods by the
combination of multiple transportation modes, has been widely used to transport products in order to
reduce transportation costs and provide relatively high service levels. However, air cargo in the
multimodal transportation system is a relatively new topic. Due to the high cost of transported items by
air, freight forwarders are deciding whether to use air transportation modes only, or a combination of
multimodal transportation modes with the exception of the air mode. To determine whether to use an air
cargo transportation mode, it is necessary to identify whether the transported item is time sensitive.

In this thesis, we focus on items or products of different monetary values, varying from low to high;
however, they all require high relative transport speeds, for example, perishable goods and fashion
products with low value and electronic goods and jewelry with high value. Considering the total
transportation cost and total transit time, the top five itineraries, taking into account transportation costs
and transportation transit time, within city pairs in Europe, Asia, North America and Africa are selected.
Furthermore, the environmental impact of using an air cargo method is investigated, with a comparison
between air cargo only and the use of a combination of air cargo and other transportation modes.

The main methodology used in the thesis is the analysis of data combinations in order to choose the best
one—with a relatively low price and high speed between any two city pairs from the selected cities in
three main continents (Europe and Asia [Eurasia], North America, and Africa). We conclude our study by
generating a separate cost and time comparison chart of each main city pair in the three continents. We
expect that the result of this research will be beneficial to shippers and freight-forwarding companies in
making their transportation decisions.

Key words: Air cargo, multimodal transportation systems, data analysis, transportation costs,
transit time, transport environmental concern.



Sommaire

Dans le secteur de la logistique, le transport multimodal, qui consiste a transporter des marchandises en
combinant plusieurs modes de transport, a été largement utilisée pour transporter des produits afin de
réduire les colts de transport et de fournir des niveaux de service relativement élevés. Cependant, le fret
aerien dans le systéme de transport multimodal est un sujet relativement nouveau de nos jours. En raison
du co(t élevé du transport des articles par avion, les transitaires décident s'ils utilisent uniquement les
modes de transport aérien ou une combinaison de modes de transport multimodal, a I'exception du mode
aérien. Pour déterminer s'il faut utiliser un mode de transport de fret aérien, il est nécessaire d'identifier
si l'article transporté est sensible au temps.

Dans cette thése, nous nous concentrons sur des articles ou des produits de différentes valeurs
moneétaires; cependant, ils exigent tous des vitesses de transport relativement élevées, par exemple, des
produits périssables et des produits de mode a faible valeur et des biens électroniques et des bijoux de
grande valeur. Compte tenu du codt total du transport et du temps de transit total, les cing meilleurs
itinéraires, en tenant compte des colts de transport et du temps de transport, dans les paires de villes
en Europe, Asie, Amérique du Nord et Afrique sont sélectionnés.

En outre, I'impact environnemental de [l'utilisation d'une méthode de fret aérien est étudié, avec une
comparaison entre le fret aérien uniquement et |'utilisation d'une combinaison de fret aérien et d'autres
modes de transport.

La méthodologie principale utilisée dans la thése est I'analyse des combinaisons de données afin de
choisir la meilleure - avec un prix relativement bas et une grande vitesse entre deux paires de villes
sélectionnées dans trois continents principaux (Europe et Asie [Eurasie], Amérique du Nord et Afrique).
Nous terminons notre étude en générant un graphique comparatif des codts et des temps de chaque
paire de villes principale dans les trois continents. Nous prévoyons que le résultat de cette recherche
sera bénéfique pour les expéditeurs et les sociétés d'expédition de fret dans leurs décisions de transport.

Mots clés: Fret aérien, systémes de transport multimodal, analyse de données, coiits de transport,
temps de transit, préoccupations environnementales liées aux transports.
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1 Introduction

1.1 Research problem

The trade-off between transportation costs and lead time has long been recognized, and the trade-off
between inventory holding costs and transportation costs has been present throughout the history of
logistics. In the short life cycle of fast-changing product industries, for example, the fashion industry,
companies use air cargo methods to move high-value products to various destinations.

Those product industries seldom use any algorithms to optimize the route design that would include air
cargo in their combination of transportation modes (multimodal transportation systems).

1.2 Purpose and objective of the study

Previous studies were done to determine the economic and environmental effects of the multimodal
transportation system. However, there are few studies done on the use of air cargo methods in multimodal
transportation systems. As we know, the cost of air transport is high, but the transit time is fast. Therefore,
the proper products to be transported by air can only be short life-cycle products, such as perishable
goods; fashion products, which can be low value but demand high speed; and high-value products. To
transport those products, we must determine whether shipping via air can be used in the multimodal
transportation system to obtain a similar outcome to an air-only method, for example, to transport goods
with smaller total costs but similar transporting speeds (high speed).

Through different combinations of the prices and transit times of four different transportation modes (air,
sea, road, and rail) between major cities in the world, we can observe the best relative combinations with
the help of Excel’s filter function and vertical lookup function, and some visual basics for application (VBA)
coding languages.

- 12 -



1.3 Research questions

- Are there any possible itineraries using multimodal transport methods (air mode
included) that create better economic effects and service levels than air-only
transport modes in time-sensitive, low-value and high-value products?

- Are there any itinerary differences between transporting small cargos and heavy
cargos”?

- Are there any itinerary differences between short-distance city pairs and long-
distance city pairs in different regions (Eurasia, North America and Africa) with
regard to transporting products?

- What are the itinerary differences between different regions, for example, Eurasia
and North America, and cross-continent city pairs?

The remainder of the thesis is organized into seven key sections. Section 2 is a literature review that
provides general insights into the multimodal transport system and into air cargo within this system in
terms of economic and environmental issues. Section 3 explains the methodology, and Section 4
introduces the logic and means of data collection. Section 5 presents both the results of the data analysis
and the discussion of the results, while Section 6 consists of the interview sections for validating our
research results. Section 7 provides our conclusion, and Section 8 describes both managerial and
academic implications, including the limitations of the research, and shares future research opportunities.

- 13 -



2 Literature review

2.1 Definitions

2.1.1 Multimodal transport’
Multimodal freight transport is the operation of freight transport with more than one transport mode
(UNECE, 2009). Basically, the main components of multimodal transport are air, road, rail, and maritime.

Figure 1. Detail of a multimodal transport system

Origin/Supplier P Destination
/Customer

Physical Base Depot Road/Rail Terminal Sea Trunk Terminal | Road/Rail | Depot

/Leg

Commercial Cost & Pack Inland Papers Port to Papers Inland Unpack Cost &

System Delivery Movement Port Movement Delivery

Management & Packing Container Inland Terminal Ship  Stowage /" Route  Scheduling

Co-ordinati Positioning | Movement | Operations

Flow of Booking Waybill Invoice Manifest Delivery  Instructions | Release of  Cargo

Information

Liability Network | Forwarder | Road [ Rail [ Terminals | Sea [ Forwarder |

Source: Ruth Banomiyong, 2000

Details of multimodal transport are presented in the figure above. From the origin, which is the supplier,
to the destination, which is the customer, physical base, commercial system, management and
coordination, the flow of information, and a liability network are different in different steps. (Modal transit)

The physical base in the chart means the place where the goods are placed during the transportation
period; the commercial system is the system dealing with specific transport works; the section of
management and coordination is the action along with the transportation; the flow of information is the
direction of transaction information flows from the supplier to the customer; and the liability network is the
main responsibilities that the carriers pay in the transportation chain.

For example, from the origin/supplier to destinations/customers, the first step is to put the goods at the
depot in the physical base. At this point, the commercial system indicates cost and delivery, while
management and coordination processes involve packing products; the flow of information relates to

' Author, 2011
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booking, and the freight forwarder takes responsibility for the freight. In the second step, when the road
transporter carries the most liability, the physical base is transferred from road to rail transport; the
commercial system shows packing, and management and coordination is in charge of container
positioning, while the flow of information involves creating waybills. During the third step, when the rail
transporter assumes responsibility, the physical base is in the rail terminal, and both the commercial
system and the management and coordination system show inland movement from road to rail; and the
flow of information involves creating invoices. In the fourth step, the rail terminals take full responsibility
for the liability, and the physical base is in the sea trunk; the commercial system shows paper, which
means that some paperwork must be handled to prepare for sea transport; management and coordination
is dealing with terminal operations; and the flow of information is the manifest. The fifth step is when the
sea carrier is responsible for the full liability, and the physical base is from seaport terminals to road or
rail transporters; the commercial system shows port to port and paper work ready for inland movement;
management and coordination is to schedule the routes; and the flow of information relates to delivery
instruction. The final step is when full liability is taken by a freight forwarder again; the physical base is to
depot goods in the distribution center; and the commercial system shows inland movement, the
unpacking of containers, and cost and delivery for the final door-to-door service; management and
coordination are also to schedule the routes, while the flow of information involves releasing the cargos.

The main idea of a multimodal transport system is the cooperation of different transport modes. Each
mode is partly responsible for reducing the cost and improving the operation of the whole supply chain.

- 15 -



Figure 2. Components of multimodal transport

: LOADING
WASTE- OFF-LOADING
DISPOSAL : MAINTENANCE
BILGE- ) CLEANING
PUMPING AIR TERMINAL AIRCRAFT FUELING
TANK - OPERATIONS OPERATIONS DE-ICING
CLEANING
BALLASTING )
A ?)???IE\LTIO\'S
GENERATION ERATIO! !
FUELING TERMINAL | | PARKING
FACILITIES DOCKING
FUELING
CARGO. MAINTENANCE
HANDLING CLEANING
VESSEL-
; e | | LOADING
: ) OPERATION
MAINTENANCE MARINE ATIONS | | NLOADING
FACILITIES VEHICLE-
OPERATIONS
ONSHORE- FUELING
TANKS/STORAGE
FUELING
OPERATIONS MAINTENANCE
| |
{‘éﬁ‘;)‘;i‘& RAILCAR REFURBISHING
UNLOADING LOCOMOTIVE MAINTENANCE
PARTS/EQUIPMENT CLEANING

Source: Rodinelli et al., 2000

Figure 2 is an overview of a multimodal transportation system; it includes operations and other functions
for all four modes of transport in that system. In the figure, the multimodal hub consists of air transport,
truck transport, rail transport, and water transport. In the air transport section, the air terminal operations
contain loading and off-loading process, and aircraft operations include maintenance, cleansing, fueling,
and de-icing. In the truck transport section, the terminal facilities include parking, docking, fueling,
maintenance, and cleansing, and operations include loading, unloading, vehicle operations, and fueling.
In the rail transport section, operations include fueling, loading, and unloading, and maintenance includes
railcar refurbishing, locomotive maintenance, and parts/equipment cleansing. In the water transport
section, vessel operations include waste disposal, bilge pumping, cleaning, ballasting, power generation,
and fueling, while marine facilities have cargo handling processes, vessel maintenance, and onshore
tanks/storage fueling process. All these processes in the multimodal transport hubs are time consuming
and require capital investment; therefore, the cost of money and time are distributed across the whole
multimodal transport system if the goods are transported by two or more modes of transportation during
the supply chain.
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2.1.2 Segmented transport

Figure 3. Segmented transport vs Multimodal transport

Segmented Transport

SHIPPER Outward Clearance
Toward Clearance

CONSIGNEE

Multimodal Transport
SHIPPER | 4 MTO CONSIGNEE

One liability from point to point
One Document
One invoice and freight charges
Guaranteed transit time

Source: Hayuth, 1987

According to Hayuth (1987), segmented transport is different from multimodal transport. Segmented
transport starts from shippers; from there, the package is consolidated at the place of pre-carriage, then
to outward clearance and main carriage, then to inward clearance, by carriage, and finally to the
consignees. Multimodal transport starts from shippers; then, all the documents and packages (products)
are consolidated at the place of the multimodal transport operator (MTO). With multimodal transport,
there is only one liability from point to point, one document through the supply chain, one invoice, and
one set of freight charges during the trade, and the total transit time is guaranteed.

2.1.3 Intermodal transport?
Intermodal freight transport is slightly different from multimodal transport. It consists of transporting

containers from their origin to destinations without changing the content of the containers along the
transport chain, which means that no handling work is required when changing transport modes (Crainic

et al., 2007).

’ Source: Ruth Baomiyong, 2000
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But in the multimodal transport, there could exist some handling works such as loading and unloading
the cargos from sea mode to rail mode.

2.1.4 Combined modal transport’

Combined modal transport is a form of intermodal transport that focuses on the efficiency of using multiple
transport modes to ship products. According to the Commission of the European Communities (CEC,
2006), combined modal transport involves moving goods in one and the same loading unit, using two or
more modes of transport, without handling the goods themselves when changing modes. The difference
between combined transport and multimodal transport is that multimodal transport has MTOs to operate
the process and satisfy customer requirements (service level and cost), whereas combined transport is
designed only to maximize the total profit of the whole transport chain. For example, in combined
transport, goods are transported by the cheaper modes of transport, such as rail, sea or inland waterways,
for as long as possible, and by road and air transport for as short a time as possible. (Verweij, 2011)

Figure 4. Terminology evolution of transport terminology

| Today
Unimodal or Segmented ! -
T »
Transport |
1
______________________________________________________________ e - - -
1
v X
1
In Europe |Through Transport (1966) |———|Combined Transport (1975) 1 ; >
1
1
______________________________________________________________ VA ——
\ 4 1
United Nations »|Multimodal Transport (1980) | : >
A 1
1
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Source: Banomiyong, 2000
According to Banomiyong (2000), unimodal transport existed mostly in history. However, in 1920, North
America started to refer to multimodal transport as intermodalism, and in 1966, Europe began to change
it to “through transport,” up until today. Europe has referred to multimodal transport as combined transport
since 1975, while the United Nations have named it multimodal transport since 1980, and since 1985,
North America have labelled it intermodal freight transport.

* Source: Ruth Baomiyong, 2000
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2.1.5 Airway

Figure 5. Growth of world air cargo
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Source: Feng et al., 2015

According to Feng et al. (2017), the trend of world air cargo, transported in revenue ton kilometer (RTK),
kept rising at a growth rate of 6.2% per year since 1989, and after a fall in 2008 due to the world economic
crisis, the air cargo industry continued to grow, but at a slower rate of 2.6% per year. Between the years
2014 and 2034, it is projected to grow according to figure 6. There are three possible situations: the high
growth-rate situation is at 5.6% per year, the base growth-rate situation is at 4.7% per year, and the low
growth-rate situation is at 4.0% per year.
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Figure 6. Air cargo operations
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Fig. 4. Air cargo operations: process and the state of research.

Source: Feng et al., 2015

According to Feng et al. (2015), air cargo operations start from the shipper. The truckers will pick up the
goods and transport them to the freight forwarders. Then, they will plan on capacity booking on the spot
market and capacity booking of the long-term contract; freight forwarders will then implement cargo
supply strategies across several airlines and make plans for container loading, integration and
consolidation, and truck routing. After communicating with airline companies, freight forwarders will
coordinate certain information, such as truck scheduling and unloading, crew supply and scheduling, and
cargo routing among facilities, with air cargo terminals, and they will load the goods onto the aircraft to
transport them to the destination airports. Finally, the trucker will pick up the goods from the air cargo
terminals in the airports and deliver them to their final destinations.
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The air transport sector has become a major tool for globalization in terms of economic and societal
development (Reis et al., 2013). The world economy has thus been increasingly dependent on the air
transport sector. Moreover, a growing percentage of goods, in terms of high value, are transported by air.
Reis et al. (2013) also indicated that airports are now an essential multimodal interchange in multimodal
transport networks.

Airports have not only acted as modern places, with a series of hotels and shops inside the facilities, but
have also become the most important and influential means of transport for carrying both passengers
and freight in metropolitan areas (Reis et al., 2013). There are plenty of these airports around the world,
such as Frankfurt Main in Germany and Schiphol in the Netherlands. Overall, airway transport is
becoming a major component of the multimodal transport system.

2.1.6 Railway
Due to the research done by Reis et al. (2013), rail terminals can be connected to the sea-port terminal
by three typologies: (1) on-dock rail terminals (2) near-dock terminals, and (3) satellite terminals.

The first type, the on-dock terminal, involves moving containers from the dock to a railcar with its own
facility. The second type, a near-dock terminal, means that freight delays will be reduced by using local
road systems, and the gates of near-dock rail terminals will be cleared. The third type, a satellite terminal,
means that the load center and the trans-modal terminal can be qualified as inland ports, which can be
connected to sea-port terminals through rail shuttle and truck drayage services (Reis et al., 2013).

2.1.7 Road transport

According to Reis et al. (2013), road transport is the most frequently used transportation mode of the four
(air, road, rail, and sea) modes so far because there are plenty of advantages to using road transport to
convey goods. First, it is flexible to travel by road from almost any point to any other point. Second, it is
compatible, for example, to transport goods from one country to another, since trucks can travel by road.
Third, road transport is faster than any other mode of transport except air when traveling a short or
medium distance. Finally, compared to air transport modes, transporting by truck (road) is much cheaper
while still maintaining a relatively fast speed, though slower than air.

2.1.8 Maritime transport

According to Reis et al. (2013), port terminals are the most important infrastructure in the multimodal
transport system with regard to traffic, space, and capital requirements. In the world, sea ports are always
at the point of intersection of waterway and inland transport systems, such as railway transport. Ports are
mostly divided into port area (maritime terminals) and hinterland (inland terminals). A rail terminal is
another essential component of the overall sea-port terminal; it acts as a conjunction of inland and
seaborne transport in the multimodal transport system. Reis et al. (2013) also implied that the container
terminal, intermediate hub terminal, and barge terminal are three main terminals in sea-port terminals.
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Containerization around the globe has changed the structure of sea ports. Those sea ports have to
provide capital-intensive cranes and storage space for containers.

2.2 Why multimodal transport should be used

According to Lowe (2006), there are plenty of benefits of utilizing multimodal transport to move goods.
First, it can reduce total costs over long distances, and sometimes, it could be faster in certain scenarios.
Second, it can reduce road congestion because multimodal transport can reduce the total travel journey
by truck.

Yamada et al. (2009) illustrated that the multimodal transport network is able to support the economic
development of countries, and it can reduce negative environmental impacts. Multimodal transport is also
a crucial method for expanding the transport network in developing countries because most of these
countries are still concentrating on the road-based freight transport network. Congo Hao et al. (2016)
concluded that one mode of container transport cannot satisfy the needs of today’s global supply chain;
therefore, multimodal transport has emerged as a new and major means of transport that is widely
recognized in the world. Multimodal transport can provide solutions to the challenge of cost minimization
in logistics through reasonably designed routes and selected transport modes.
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2.3 How multimode transport should be used

2.3.1 Multimodal transport in operational research
2.3.1.1 Route selection process

Figure 7. Conceptual framework for route selection in multimodal transport
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According to Kengpol et al. (2013), the optimal multimodal route selection should be processed under six
steps. Step one is to decide on the scope range, for example, one must decide on the origin and
destination from and to which to transport goods. The second step is to calculate cost and time under the
cost and time model. Third, CO2 emissions must be calculated under the model of environmental control.
The fourth step is to process a risk analysis, while the fifth step involves the prioritization of all routes by
using an analytic hierarchy process (AHP), which is a structured technique for organizing and analyzing
complex decisions, based on mathematics and psychology (Kengpol et al., 2013). Finally, the optimized
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route must be chosen by using zero-one goal programming (ZOGP). According to Kengpol et al. (2013),
goal programming is one of the model which have been developed to deal with the multiple objectives
decision-making problems. This model allows taking into account simultaneously many objectives while
the decision-making is seeking the best solution from among a set of feasible solutions. The Zero-One
goal programming means the decision model is formulated as 0-1, when the result is 1, then the decision
suggestion should be true, otherwise the decision is not being made.

Figure 8. Structure for choosing a multimodal transport route

Level “0" Multimodal Transportation Route ‘

ugn ) . Environmental
Level “1 Budget Time Risk Impact
Level 2" Route 1 Route 2 Route 3 Route n

Source: Athakorn Kengpol and Sopida Tuammee et al., 2013

The figure above depicts the analytic hierarchy process (AHP) for route prioritization. Level “0” is the
overall scenario of multimodal transport routes; level “1” contains the criteria of budget, time, risk, and
environmental impact; and level “2” comprises the routes with the best outcomes of each criterion. The
research we are conducting only considers the criteria of cost and time as well as the environmental
impact.

2.3.2 Air and multimodal transport

2.3.2.1 Airfreight

According to Beuthe (2007), air transport was an important tool for the regional, national, and even global
economy for the transportation of passengers as well as high-value and time-sensitive freight. Therefore,
airfreight transport was a significant component for just-in-time (JIT) production systems. In particular, air
cargo is increasingly essential for the service of the commercial and industrial sectors.
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Table 1. Importance of airfreight markets in 2003

Table 3.6  Relative importance of the air freight markets in 2003 (% of
freight tonne-km)

North America 11.5 North America to/from Latin America 3
Europe 0.5 Europe to/from North America 9.8
Asia 10.2  Asia to/from North America 26.2
Africa to/from Europe 2.7  Asia to/from Europe 19.8
Latin America to/from Europe 3.6 Middle East to/from Europe 2.8
Other flows 9.9

Source:  Airbus global market forecast (2004-2023).
Source: Beuthe, 2007
Table 3.6 demonstrates that the airfreight market in each region has a different relative importance. For
example, the overall ranking of airfreight importance in North America, Europe, and Asia is first, second,

and last respectively. The flows are ranked first from Asia to North America (and vice versa), second from
Asia to Europe (and vice versa), then third from Europe to North America (and vice versa).
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Figure 9. The world’s leading air cargo markets
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According to Feng et al. (2015), which is a more recent reference, the world’s top four air cargo markets
are Intra-Asia at 7%, followed by North America-Asia, then Europe-Asia, which is ranked third, and North
America-Europe was the fourth. Therefore, researching the three large regions, namely Asia, Europe,
and North America, is significant enough for worldwide airfreight transport.

2.3.2.2 Air technologies

According to Johan Woxenius (1998), airfreighting developed rapidly in the world transport system during
the 1990s. People were considering transporting parcels by air to reduce transport transit times; however,
the potential to transport large quantities of goods was possible by applying the technology of lightweight
air cargo or containers. Johan Woxenius (1998) also indicated that the transshipment equipment between
rail and air could be developed. For example, the rollers should be equipped with airfreight planes on the
floor, and the seats should be cleaned in order to load air containers with more spaces.
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2.4 Gap in the current literature

The gap in the current literature is that few studies focused on air cargo in multimodal transportation
systems. Most of the researches are concentrating on combinations of sea-rail and rail-road. Though
there are some researches focusing on air-road combination in the literature, papers focusing on air-rail,
air-sea in two modes combinations, three modes combinations, and four modes combinations are hard
to find. Therefore, this thesis will make contributions to the air cargo in multimodal transportation systems,
especially in the perspective of total transport cost and total transport time.
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3 Methodology

3.1 Selection of cities for city pairs

Figure 10. World ship routes
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The cities chosen as research objects were selected from the world’s major ports and commercial cities.
Figure 10 is the outlook of the world’s major ports from which we found 13 cities in the region of Eurasia,
namely Tokyo, Shanghai, Singapore, Mumbai, Istanbul, Athens, Rome, Madrid, Amsterdam, Hamburg,
London, and Moscow, from east to west; eight cities in North America, which are Montreal, Halifax, New
York, Miami, New Orleans, Los Angeles, Seattle, and Vancouver, from east to west; and two cities in
Africa, namely Cairo and Cape Town, from North to South.

Of course, there are some missing ports in the selection list, such as Toronto in North America and Paris
in France. As some major ports are near to each other, for example, Toronto is near Montreal and New
York, and Paris is near the London Amsterdam ports, it is a technique strategy to reduce the number of
combinations of cities and transport modes in the multimodal transport plan selection process. (Excel
cannot calculate over 1 million combinations in a sheet.)
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The three scenarios to be researched are Eurasia; North America; and cross continents among Eurasia,
North America and Africa.

The city pairs were set for the situation of both short-distance and long-distance pairs in those three
scenarios based on the short-distance criteria of a maximum distance of 8,000 kilometers, which means
that if two city pairs are closer than 8,000 kilometers in a straight-line distance, then they are considered
to be short-distance city pairs; otherwise, they are deemed as long-distance city pairs. For example, in
Eurasia, we set the short-distance pairs as Shanghai-Singapore, Singapore-Shanghai, Mumbai-Istanbul,
Istanbul-Mumbai, London-Amsterdam, and Amsterdam-London; the long-distance pairs are Shanghai-
Amsterdam, Amsterdam-Shanghai, Singapore-London, London-Singapore, Tokyo-Hamburg, and
Hamburg-Tokyo. In North America, we set the short-distance city pairs as Montreal-New York, New York-
Montreal, New Orleans-Los Angeles, Los Angeles-New Orleans, Vancouver-Seattle, and Seattle-
Vancouver; the long-distance city pairs are Montreal-Los Angeles, Los Angeles-Montreal, Miami-
Vancouver, Vancouver-Miami, New York-Seattle, and Seattle-New York. For Eurasia, North America,
and Africa combined, we set the city pairs as Shanghai-Montreal, Montreal-Shanghai, Singapore-Los
Angeles, and Los Angeles-Singapore.

Table 2. Potential city selection for city pairs

Eurasia North America Africa
Tokyo Montreal Cairo
Shanghai Halifax Cape Town
Singapore New York

Mumbai Miami

Istanbul New Orleans

Athens Los Angeles

Rome Seattle

Madrid Vancouver

Amsterdam

Hamburg

London

Moscow
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3.2 Scenarios of transport mode combinations

Table 3. Mode combination logic

AR ALL
1Mode Two modes Three modes Four modes IlMode Two modes Three modes Four modes
AR | AIR |ROAD| AIR |ROAD| RAIL | AIR |ROAD| RAIL | SEA |[ AR | AIR |ROAD| AIR |ROAD| RAIL| AIR |ROAD| RAIL | SEA
AIR | RAIL | AIR |ROAD| SEA | AIR |ROAD| SEA | RAIL || ROAD | AIR | RAIL| AIR |[ROAD| SEA | AIR |[ROAD| SEA | RAIL
AIR | SEA | AIR | RAIL |ROAD| AIR | RAIL |[ROAD| SEA || RAIL | AIR | SEA | AIR | RAIL [ROAD| AIR | RAIL |[ROAD| SEA
ROAD| AIR | AIR | RAIL | SEA | AIR | RAIL | SEA |ROAD|| sga |ROAD| AIR | AIR | RAIL | SEA | AIR | RAIL | SEA |ROAD
RAIL | AIR | AIR | SEA |ROAD| AIR | SEA |ROAD| RAIL ROAD| RAIL | AIR | SEA [ROAD| AIR | SEA [ROAD| RAIL
SEA | AIR | AIR | SEA | RAIL | AIR | SEA | RAIL |[ROAD ROAD| SEA | AIR | SEA | RAIL| AIR | SEA | RAIL |ROAD
ROAD| AIR | RAIL |[ROAD| AIR | RAIL | SEA RAIL | AIR [ROAD| AIR | RAIL |[ROAD| AIR | RAIL | SEA
ROAD| AIR | SEA |ROAD| AIR | SEA | RAIL RAIL |[ROAD|ROAD| AIR | SEA [ROAD| AIR | SEA | RAIL
ROAD| RAIL | AIR |ROAD| RAIL | AIR | SEA RAIL | SEA |ROAD| RAIL | AIR |ROAD| RAIL | AIR | SEA
ROAD| SEA | AIR |ROAD| RAIL | SEA | AIR SEA | AIR [ROAD| RAIL | SEA |ROAD| RAIL [ SEA [ AR
RAIL | AIR [ROAD|ROAD| SEA | AIR | RAIL SEA |ROAD|ROAD| SEA | AIR |ROAD| SEA [ AIR [ RAIL
RAIL | AIR | SEA |ROAD| SEA | RAIL | AR SEA | RAIL |ROAD| SEA | RAIL |ROAD| SEA [ RAIL [ AR
RAIL [ROAD| AR | RAIL | AIR [ROAD[ SEA RAIL | AIR [ROAD| RAIL| AIR [ROAD| SEA
RAIL | SEA [ AR [ RAIL| AR | SEA [ROAD RAIL | AR | SEA | RAIL| AR | SEA [ROAD
SEA | AIR [ROAD| RAIL [ROAD| AIR | SEA RAIL [ROAD| AIR | RAIL [ROAD| AIR | SEA
SEA | AIR [ RAIL | RAIL |[ROAD| SEA | AIR RAIL |[ROAD| SEA | RAIL [ROAD| SEA | AIR
SEA |ROAD| AIR | RAIL | SEA | AIR |ROAD RAIL | SEA | AIR | RAIL | SEA | AIR |ROAD
SEA | RAIL [ AR | RAIL | SEA [ROAD| AR RAIL | SEA [ROAD| RAIL | SEA [ROAD| AR
SEA | AIR |ROAD| RAIL SEA | AIR |ROAD| SEA | AIR |ROAD| RAIL
SEA | AIR | RAIL |ROAD SEA | AIR | RAIL| SEA | AIR | RAIL |ROAD
SEA [ROAD| AIR | RAIL SEA |[ROAD| AIR | SEA [ROAD| AIR | RAIL
SEA [ROAD| RAIL | AR SEA |ROAD| RAIL | SEA [ROAD| RAIL | AIR
SEA | RAIL | AIR |ROAD SEA | RAIL | AR | SEA | RAIL| AIR |ROAD
SEA | RAIL [ROAD| AIR SEA | RAIL [ROAD| SEA | RAIL [ROAD| AIR

Table 3 above presents the logic of transport mode combinations. The scenarios were divided into two
groups; one group, displayed in the left part of the table, must include an air transport mode, and the
other group may not include this mode in the multimodal transport system. For example, the table on the
left shows all the combinations where air transport mode is forced to be included. But the table on the
right shows combinations where air transport mode is not necessarily included, but it may be. The main
difference between the two tables is that there are more combinations in the second table. In the one
mode transportation: road, rail and sea are added to the table; in the two modes combinations: road-rail;
road-sea, and rail-sea combinations are added to the table; and in the three modes combinations: road-
rail-sea are added to the table.

One constraint is that we did not include the scenarios of overlapping combinations, such as air-road-air-
sea, which has two air modes; or air-road-sea-road, which has two road transport modes involved. The
reason we have not included those scenarios is that the total number of scenarios without an overlap
situation has already reached 1 million different combinations, and this is sufficient enough for the
purpose of the thesis, which is to identify the existence of situations in which the air transport mode
involved in multimodal transport is somewhat better than the air-unimodal transport mode or other
combinations.
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3.3 Differentiation of cargo size

In terms of the meanings of AKE and ASE cargo, they are codes with three alphabetic characters: the
first letter indicates the unit load device (ULD) category, the second letter represents the base dimensions,
and the last letter indicates the contour or compatibility with aircraft types. (See appendix 9)

Considering the differences in total transport costs and times due to the differences in cargo sizes, we
divided the scenario into heavy cargo (ASE-33 Cu.M, 11,340 kg) and light cargo (AKE-4.3 Cu.M,
1,588 kg). See appendix 9 for further details. The reason why we decided to use these two cargos for
comparison is that AKE cargo can be a good representative of small shipments with a weight of 1588kg
per cargo, and ASE cargo can be a good representative of large shipments with a weight 0of11340kg per
cargo, about 10 times that of an AKE cargo.

Table 4. Air cargo selection for the research

AKE cargo (small cargo) ASE cargo (large cargo)
Dimension L153cm*W200cm*H162cm | L604cm*W243cm*H243cm
Internal volume 4.3 Cu.M 33 Cu.M
Maximum gross weight 1,588 kg 11,340 kg

Table 4 lists the summary of the two selected cargos from various air cargos that the International Air
Transport Association (IATA) and the Airports Council International (ACI) named. The reason we chose
these two cargos as standardized light and heavy types for the research is because they vary in both
volume and weight; other criteria are not considered in the research. In the table, the dimension of L
means length, W means width and H means height; Internal volume of Cu.M means cubic meter and the
maximum gross weight means the maximum weight in kilogram to be loaded in one cargo.
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Table 5. Overall scenarios of city pairs

AKE/ASE Cargo—with air

AKE/ASE Cargo—air not required

Short distance

Short distance

Eurasia

Shanghai-Singapore

Singapore-Shanghai

Mumbai-Istanbul

Istanbul-Mumbai

London-Amsterdam

Amsterdam-London

Shanghai-Singapore

Singapore-Shanghai

Mumbai-Istanbul

Eurasia

Istanbul-Mumbai

London-Amsterdam

Amsterdam-London

North America

Montreal-New York

New York-Montreal

New Orleans-Los Angeles

Los Angeles-New Orleans

Vancouver-Seattle

Seattle-Vancouver

Montreal-New York

New York-Montreal

North America

New Orleans-Los Angeles

Los Angeles-New Orleans

Vancouver-Seattle

Seattle-Vancouver

Long distance

Long distance

Eurasia

Shanghai-Amsterdam

Amsterdam-Shanghai

Singapore-London

London-Singapore

Tokyo-Hamburg

Hamburg-Tokyo

Shanghai-Amsterdam

Amsterdam-Shanghai

Singapore-London

Eurasia

London-Singapore

Tokyo-Hamburg

Hamburg-Tokyo

North America

Montreal-Los Angeles

Los Angeles-Montreal

Miami - Vancouver

Vancouver - Miami

New York-Seattle

and Seattle-New York

Montreal-Los Angeles

Los Angeles-Montreal

North America

Miami - Vancouver

Vancouver-Miami

New York-Seattle

and Seattle-New York

Eurasia, North America, Africa

Shanghai-Montreal

Montreal-Shanghai

Singapore-Los Angeles

Los Angeles-Singapore

Shanghai-Montreal

Montreal-Shanghai

Eurasia, North America, Africa

Singapore-Los Angeles

Los Angeles-Singapore
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3.4 Differentiation of product value

The value of the product is another factor to be considered because it could have an impact on the
product holding cost, thereby influencing the total transport cost. We began by analyzing scenarios of
low-value products with high-speed transport requirements, such as perishables and fast-changing, low-
value fashion items, which have set at $10/kg. In the data analysis section, we conduct a sensitivity
analysis to test the influence of product value on total cost, varying from $10/kg to $1,500/kg.

Table 6. Products we are researching

Low-value products | High-value products

Product value range Start from $10/kg To be tested in sensitivity analysis
Product attributes Demand high speed

e.g. Low-value

fashion items, and e.g. Electronic devices and
Product examples i ,

low-value perishable | jewelry.

products.

The reason why we chose these two values is that we want to see the changes in decision making when
the specific value of products changes when carrying those products from the same origins to
destinations. Decision changes according to specific values are analyzed in different scenarios in the
sensitivity analysis part.

3.5 Optimal itinerary selection

The methodology involves the use of quantitative methods to calculate the total cost and total transport
time of different transport mode combinations for the selected city pairs. Then, in Excel, we used “Filter
Function-Ascending” to choose the plans that cost the least in the total cost section and the highest speed
plan in the total transport time section. We also chose three alternative plans with lower costs in the
highest speed section.

3.6 Interviews for thesis results validation

We have conducted six interviews with transportation companies to test the thesis results in terms of
optimal itineraries selection: Four of the interviewees are freight forwarders, one is a large railway
company in Canada, and another is a consulting company in transportation.

All of the interviewees have experiences with multimodal transportation, therefore their opinions of our
thesis results in terms of optimal routes selection are important. Also, due to some data errors and
unavailability in secondary database, their opinions are of great significance as well to check the accuracy
of the data we collected from the websites, . Most of the data we have collected are from secondary
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databases; some data regarding rail transportation in the North America region are calculated based on
an assumption of ratio between air and rail in terms of transportation price and total transportation time.

The interviews were also very useful to fill in the gap between theoretical data analysis and the practical
business world.

The interviews were conducted in a semi-structured form. The questionnaire is presented in appendix
8.

- 34 -



3.7 Logic of the thesis

Figure 11. Flow chart of the thesis logic
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4 Data collection

4.1 Data source

All the data for transport price and time, including the air, road, railway, and maritime transport modes,
were collected from the following websites: freightos.com and worldfreightrates.com. We collected the
data of AKE (4.3 Cu.M, 1,588 kg) air cargo as small or light cargo transportation, and ASE (33 Cu.M,
11,340 kg) air cargo as large or heavy cargo transportation.

Figure 12. Correlation between the price and time of the four transport modes
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Source: U.S. Chamber of Commerce, 2006
The figure above illustrates that freight with a 40-foot container transported from China to Western Europe
by air, road, railway, or sea is distributed in the cost-time axis. The coordinate of the air mode is (5,
25,000), which means that transporting a 40-foot container from China to Western Europe by air takes 5
days and costs 25,000 U.S. dollars. Furthermore, the coordinate for roads is (18, 11,000), rail (36, 6,000),
and sea (28, 3,000).
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Therefore, the mathematical relationship between price and time for the four transport modes can be
calculated. For example, the price for road transportation is 11000/25000 = 0.44 of the air mode in US
dollar per container, while the price for rail is 6000/25000 = 0.25 of the air mode, and the sea mode is
3000/25000 = 0.12 of the air mode. Furthermore, the transit time for road transportation is 18/5 = 3.6
times that of the air mode, the transit time for rail is 36/5 = 7.2 times that of the air mode, and the transit
time via sea is 28/5 = 5.6 times that of the air mode.

In principle, all the data should be collected from the existing websites (freightos.com and
worldfreightrates.com). However, due to the unavailability of some data, such as railway modes in some
Eurasia areas and North American city pairs, we made an assumption by using the ratio of railway to air
(from the U.S. Chamber of Commerce, 2006) to calculate the price and time of the railway mode for 20%
of the city pairs.

We should also take into account the fact that some cities are not reachable with one or many modes.

For example, the city of Moscow could not be reached by sea mode, which is a limitation for this thesis
research.
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Figure 13. Freight price search engine
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Source: Freightos.com
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Comenodity Value (USD)

@ Refrigerated @

Source: Worldfreightrates.com

The figure above is a set of search engines from freightos.com and worldfreightrates.com. We set the
dimension and weight for the AKE and ASE cargo standard. Then, we collected data regarding price and
transit time for each transport mode (air, road, rail, and sea). All the dimensions and weight standards
were set the same for the four transport modes when using search engines. Then, we began to gather
the data into an Excel sheet, indicating cargo type, transport modes, and the quoting companies that are
usually freight forwarders.

Table 7 below is a snapshot of the data sample for the AKE cargo’s air transport mode. The table header
contains, inter alia, the following information: origin and destination, the transport modes, cargo types,
quoting companies, average prices, and average transit times for transporting each unit (AKE cargo)
between its origin and destination.

Overall, the data collected for AKE cargos were from May 1% to 15", 2017, and for ASE cargos, they

were from June 1%'to 10™, 2017. The seasonality of price and time are not taken into consideration, which
is another limitation of the thesis.
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4.2

Data arrangement

Table 7. Sample for the AKE cargo Air mode data

Origin Mode of trasnport  Cargo type Quote from which freight forwarder Quantity Price min (US$) Price max (US$) Average price Average time

New York Miami Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 1283 3
New York New Orleans Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 1128 4
New York Los Angeles Air cargo AKE (4.3 Cu.M, 1588kg) Freightos rate estimate 1 1077 4043 2560 13 17 15
New York Seatle Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 1487 6
New York Montreal Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 918 3
New York  Vancouver Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 1808 6
New York  Halifax Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 1942 5
New York  London Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 5076 3 5 4
New York  Amsterdam Air cargo AKE (4.3 Cu.M, 1588kg) Access Air 1 2452 2 5 35
New York  Frankfurt Air cargo AKE (4.3 Cu.M, 1588kg) Access Air 1 2452 2 5 35
New York Italy Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 5076 3 5 4
New York Greece Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 7351 3 5 4
New York Turkey Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 11728 3 5 4
New York Spain Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 5986 3 5 4
New York Shanghai Air cargo AKE (4.3 Cu.M, 1588kg) Freightos rate estimate 1 6032 8626 7329 13 15 14
New York Moscow Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 19255 3 5 4
New York Mumbai Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 11903 3 5 4
New York Bangladesh Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 11378 3 5 4
New York Singapore Air cargo AKE (4.3 Cu.M, 1588kg) Access Air 1 2928 2 5 35
New York Tokyo Air cargo AKE (4.3 Cu.M, 1588kg) Freightos rate estimate 1 4422 6700 5561 6 7 6.5
New York  Capetown Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 7632 3 5 4
New York  Cairo Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 10502 3 5 4
Miami New York Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 1341 3
Miami New Orleans Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 960 3
Miami Los Angeles Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 1399 5
Miami Seatle Air cargo AKE (4.3 Cu.M, 1588kg) Global Forwarding Enterprises LLC 1 643 10
Miami Montreal Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 1519 4
Miami Vancouver Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 1845 6
Miami Halifax Air cargo AKE (4.3 Cu.M, 1588kg) Archgate 1 2085 6
Miami London Air cargo AKE (4.3 Cu.M, 1588kg) Freight Right 1 2483 8 10 9
Miami Amsterdam Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 6826 3 5 4
Miami Frankfurt Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 5076 3 5 4
Miami Italy Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 5076 3 5 4
Miami Greece Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 7351 3 5 4
Miami Turkey Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 11728 3 5 4
Miami Spain Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 5986 3 5 4
Miami Shanghai Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 10502 3 5 4
Miami Moscow Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 19255 3 5 4
Miami Mumbai Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 113903 3 5 4
Miami Bangladesh Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 11378 3 5 4
Miami Singapore Air cargo AKE (4.3 Cu.M, 1588kg) Freightos rate estimate 1 4710 8210 6460 10 12 11
Miami Tokyo Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 7632 3 5 4
Miami Capetown Air cargo AKE (4.3 Cu.M, 1588kg) Primorus Worldwide 1 15299 3 5 4

> Air Sea Road Rail +

Source: Adapted from freightos.com, Worldfreightrates.com, 2017

After the data searching and processing, the transport data of price and time for AKE and ASE cargos
were gathered. Figure 14 contains charts that were plotted with the collected data for each cargo type
and each transport mode.
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Figure 14. The AKE transport price (USD/Cargo—horizontal axis) and time (Days—vertical axis) correlation in terms of
transport modes
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Source: Adapted from freightos.com, Worldfreightrates.com, 2017

Figure 14 illustrates the distribution of the transport price and time for air, road, rail, and sea modes for
transporting AKE cargo. The horizontal axis is the transport price, and the vertical axis is the transport
time. We found that the air mode is aggregated in the range of (5,000, 10), where 5,000 represents
$5,000/AKE cargo, and 10 represents 10 days. The road mode is aggregated in the range of (2,000, 20),
rail is in the range of (1,000, 40), and sea is around (500, 50). The correlations between price and time
for air and other transport modes are similar to the proportion in the earlier figure 4; only one nuance
exists in the proportion of rail speed to airspeed, which could be the development of modern trains, which
are trains with faster speeds.

From the table, we can see a big picture of differences in the four transport modes (Air, road, rail and
sea) in terms of average transport price and transport transit time to ship a single AKE air cargo.
Obviously, the air mode is the fastest while the most expensive one among the four, then comes road,
rail and sea. Also, from the tables, there exists some outliers of each mode, and those outliers are due

- 41 -



to be the accuracy of the secondary database and the assumption we made according to U.S. Chamber
of Commerce (2006) to calculate unavailable data.

Figure 15. The ASE transport price (USD/Cargo—horizontal axis) and time (Days—vertical axis) correlation in terms of
transport modes
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Source: Adapted from freightos.com, Worldfreightrates.com, 2017

Figure 15 depicts the price and time correlation of four transport modes when transporting ASE air cargo
around the world. The air mode is aggregated around the range of ($50,000, 10days), the road mode is
aggregated at the dot of (15,000, 30), the rail mode is at the range of (10,000, 80), and the sea mode is
around (4,000, 50). The correlation between price and time is also similar to the results in figure 4.

Furthermore, the large cargo (ASE) is, on average, 10 times the price of the small air cargo (AKE) for all
the modes, and transport time via rail is longer. The reason is that shipping a large cargo can include
more handling cost and time, such as loading and unloading the cargos, and the total weight of cargo is
much heavier than the small cargos, therefore the total transportation cost is higher.

In the ASE cargo section, there are also some outliers shown in each table, and the reason is the same

as for the small cargo section, which is the accuracy of secondary data base and the assumption we
made to calculate unavailable data.
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4.3 Data processing

Table 8. Part of price and time data of transporting AKE cargo by all modes

ORIGINS DESTINATIONS AVERAGE PRICE AVERAGE TIME INVENTORY HOLDING COST

NEWYORKMIAMIAIR NEWYORK MIAMI 1283 3 26.10
NEWYORKNEWORLEANSAIR NEWYORK NEWORLEANS 1128 4 34.81
NEWYORKLOSANGELESAIR NEWYORK LOSANGELES 2560 15 130.52
NEWYORKSEATTLEAIR NEWYORK SEATTLE 1487 6 52.21
NEWYORKMONTREALAIR NEWYORK MONTREAL 918 3 26.10
NEWYORKVANCOUVERAIR NEWYORK VANCOUVER 1808 6 52.21
NEWYORKHALIFAXAIR NEWYORK HALIFAX 1942 5 43.51
NEWYORKLONDONAIR NEWYORK LONDON 5076 4 34.81
NEWYORKAMSTERDAMAIR NEWYORK AMSTERDAM 2452 3.5 30.45
NEWYORKHAMBURGAIR NEWYORK HAMBURG 2452 3.5 30.45
NEWYORKROMEAIR NEWYORK ROME 5076 4 34.81
NEWYORKATHENSAIR NEWYORK ATHENS 7351 4 34.81
NEWYORKISTANBULAIR NEWYORK ISTANBUL 11728 4 34.81
NEWYORKMADRIDAIR NEWYORK MADRID 5986 4 34.81
NEWYORKSHANGHAIAIR NEWYORK SHANGHAI 7329 14 121.82
NEWYORKMOSCOWAIR NEWYORK Moscow 19255 4 34.81
NEWYORKMUMBAIAIR NEWYORK MUMBAI 11903 4 34.81
NEWYORKBANGLADESHAIR NEWYORK BANGLADESH 11378 4 34.81
NEWYORKSINGAPOREAIR NEWYORK SINGAPORE 2928 3.5 30.45
NEWYORKTOKYOAIR NEWYORK TOKYO 5561 6.5 56.56
NEWYORKCAPETOWNAIR NEWYORK CAPETOWN 7632 4 34.81
NEWYORKCAIROAIR NEWYORK CAIRO 10502 4 34.81

The data in the Table 8 were arranged after the initial collection. The first column lists the new definitions
from Excel in order to facilitate the value lookup in combination form (presented in table 8). Column 2
contains the origin cities—in this table, the origin cities are all New York; column 3 lists the destination
cities for the city pair; column 4 presents the average transporting price for all four transport modes;
column 5 indicates the average transport time for all four transport modes; and column 6 presents the
total inventory cost described below (with transit time only).

We assumed that the holding cost for holding one unit of product in the warehouse for a year is 20% of

the product value. We calculated the product value from $10/kg. So, to take the first city pair—New York
and Miami—as an example, the inventory holding cost is 3d/365d * 1,588 kg * $10/kg * 20% = $26.1.
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Table 9. Assumption of delay time between two transport modes’ transfer

] DELAY TIME

AIRROADDELAY AIR ROAD 1.00
AIRRAILDELAY AIR  RAIL 1.00
AIRSEADELAY AIR  SEA 2.00
ROADAIRDELAY ROAD AIR 1.00
ROADRAILDELAY ROAD RAIL 1.00
ROADSEADELAY ROAD SEA 2.00
RAILAIRDELAY  RAIL AIR 1.00
RAILROADDELAY RAIL ROAD 1.00
RAILSEADELAY RAIL SEA 2.00
SEAAIRDELAY SEA  AIR 2.00
SEAROADDELAY SEA ROAD 2.00
SEARAILDELAY SEA  RAIL 2.00

The table above presents the assumption of the delay time when transferring between two transport
modes in a multimodal transport system. Air-road, air-rail, and road-rail transfers are performed in one
day, while air-sea, road-sea, and rail-sea transfers generally take two days.

The reason why we chose those values as modal change time delays is according to an interview
conducted with a freight forwarding company, Delmar Cargo.

Table 10.Part of the transport mode and city pair combinations

[BRIGIBESHNAREE 00 NUMBER MODE1 MODE2 MODE3 MODE4

SINAGPORE SHANGHAI 1.00 AIR SINGAPORE SHANGHAI

2.00 AIR ROAD

2.00 AR ROAD SINGAPORE MUMBAI SHANGHAI
2.00 AIR ROAD SINGAPORE ISTANBUL SHANGHAI
2.00 AIR ROAD SINGAPORE ATHENS SHANGHAI
2.00 AIR ROAD SINGAPORE ROME SHANGHAI
2.00 AIR ROAD SINGAPORE MADRID SHANGHAI
2.00 AIR ROAD SINGAPORE AMSTERDAM SHANGHAI
2.00 AIR ROAD SINGAPORE HAMBURG SHANGHAI
2.00 AIR ROAD SINGAPORE LONDON SHANGHAI
2.00 AIR ROAD SINGAPORE Moscow SHANGHAI
2.00 AIR ROAD SINGAPORE TOKYO SHANGHAI
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SINGAPORESHANGHAIAIR 1465.50 1465.50
SINGAPOREBANGLADESHAIR 5138.00 BANGLADESHSHANGHAIROAD 822.00 5960.00
SINGAPOREMUMBAIAIR 3282.00 MUMBAISHANGHAIROAD 822.00 4104.00
SINGAPOREISTANBULAIR 8102.00 ISTANBULSHANGHAIROAD 1608.42 9710.42
SINGAPOREATHENSAIR 6703.50 ATHENSSHANGHAIROAD 1776.50 8480.00
SINGAPOREROMEAIR 5656.50 ROMESHANGHAIROAD 2031.92 7688.42
SINGAPOREMADRIDAIR 4659.00 MADRIDSHANGHAIROAD 2628.78 7287.78
SINGAPOREAMSTERDAMAIR 6113.50 AMSTERDAMSHANGHAIROAD 620.62 6734.12
SINGAPOREHAMBURGAIR 4589.50 HAMBURGSHANGHAIROAD 552.20 5141.70
SINGAPORELONDONAIR 5066.50 LONDONSHANGHAIROAD 315.92 5382.42
SINGAPOREMOSCOWAIR 8778.50 MOSCOWSHANGHAIROAD 1679.92 10458.42
SINGAPORETOKYOAIR 4306.50 TOKYOSHANGHAIROAD " #DIv/0! " #oIv/o!
TRANSIT TIME1 TRANSIT TIME2 TRANSIT TIME3 TRANSIT TIME4 TOTAL TRANSIT TIME
SINGAPORESHANGHAIAIR 7.00 7.00
SINGAPOREBANGLADESHAIR 10.50 BANGLADESHSHANGHAIROAD 6.00 16.50
SINGAPOREMUMBAIAIR 9.50 MUMBAISHANGHAIROAD 9.00 18.50
SINGAPOREISTANBULAIR 8.00 ISTANBULSHANGHAIROAD 34.20 42.20
SINGAPOREATHENSAIR 12.00 ATHENSSHANGHAIROAD 32.40 44.40
SINGAPOREROMEAIR 37.50 ROMESHANGHAIROAD 124.20 161.70
SINGAPOREMADRIDAIR 12.50 :MADRIDSHANGHAIROAD 32.40 44.90
SINGAPOREAMSTERDAMAIR 7.00 AMSTERDAMSHANGHAIROAD 25.20 32.20
SINGAPOREHAMBURGAIR 7.00 HAMBURGSHANGHAIROAD 25.20 32.20
SINGAPORELONDONAIR 12.00 LONDONSHANGHAIROAD 32.40 44.40
SINGAPOREMOSCOWAIR 7.00 MOSCOWSHANGHAIROAD L 30.60 L 37.60
SINGAPORETOKYOAIR 7.00 TOKYOSHANGHAIROAD #DIV/O! #DIV/O!

1.00 DELAY TIME1 2.00 DELAY TIME2 3.00 DELAY TIME3 TOTAL DELAY TIME TOTAL DELAY HOLDING COST

0.00 0.00
AIRROADDELAY 1.00 1.00 8.70
AIRROADDELAY 1.00 1.00 8.70
AIRROADDELAY 1.00 1.00 8.70
AIRROADDELAY 1.00 1.00 8.70
AIRROADDELAY 1.00 1.00 8.70
AIRROADDELAY 1.00 1.00 8.70
AIRROADDELAY 1.00 1.00 8.70
AIRROADDELAY 1.00 1.00 8.70
AIRROADDELAY 1.00 1.00 8.70
AIRROADDELAY 1.00 1.00 8.70
AIRROADDELAY 1.00 1.00 8.70
HOLDING COST1 HOLDING COST2 HOLDING COST3 HOLDING COST4 TOTAL HOLDING COST
SINGAPORESHANGHAIAIR 60.91 60.91
SINGAPOREBANGLADESHAIR 91.36 BANGLADESHSHANGHAIROAD 52.21 143.57
SINGAPOREMUMBAIAIR 82.66 MUMBAISHANGHAIROAD 78.31 160.98
SINGAPOREISTANBULAIR 69.61 ISTANBULSHANGHAIROAD 297.59 367.20
SINGAPOREATHENSAIR 104.42 ATHENSSHANGHAIROAD 281.92 386.34
SINGAPOREROMEAIR 326.30 ROMESHANGHAIROAD 1080.71 1407.01
SINGAPOREMADRIDAIR 108.77 MADRIDSHANGHAIROAD 281.92 390.69
SINGAPOREAMSTERDAMAIR 60.91 AMSTERDAMSHANGHAIROAD 219.27 280.18
SINGAPOREHAMBURGAIR 60.91 HAMBURGSHANGHAIROAD 219.27 280.18
SINGAPORELONDONAIR 104.42 LONDONSHANGHAIROAD 281.92 386.34
SINGAPOREMOSCOWAIR 60.91 MOSCOWSHANGHAIROAD 266.26 327.17
SINGAPORETOKYOAIR 60.91 TOKYOSHANGHAIROAD #DIV/0! [ #DIV/0!

Table 10 lists the basic data process of the city pair and transport mode combinations. The first and
second columns present the original origins and destinations respectively; column 3 is the mode number;
column 4 to column 7 contain the mode name, such as air mode and road mode; and column 5 to
column 10 consist of the transit city names when using a multimodal transport system. The following four
table excerpts use the Excel function “VLOOKUP” to match the value of the transport price and time
between each city pair in table 6, then, to calculate the total transport cost and total transport time.
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The total transport cost includes the pure transport price of each city pair with transport modes in the
multimodal transport combination, the holding cost during the transit time, and the holding cost during
the delay time. The total transport time includes the pure transport transit time between each city pair
with transport modes in the multimodal transport transfer, and the delay time of each transport mode
transfer.

Table 11. Ways in which to choose optimal plans for lowest cost, highest speed, and alternatives 1, 2, and 3—(AKE with air)

MODE1 MODE2 MODE3 MODE4 TOTAL TRANSIT TIME _ TOTAL DELAY TIME _ TOTAL DELAY HOLDING COST _TOTAL HOLDING COST TOTAL COST TOTAL TRANSPORT TIME
SHANGHAI MONTREAL _SEA  AIR SHANGHAI NEWYORK MONTREAL 1330.50 43.50 2.00 17.40 378.51 1726.41 45.50)

ROAD  SEA AIR SHANGHAI SINGAPORE NEWYORK MONTREAL 1683.00 60.00 4.00 3481 522.08 2239.89 64.00
SEA AR RAL SHANGHAI  NEWYORK  NEWORLEANS MONTREAL 1924.25 5126 3.00 26.10 44602 239637 54.26
AIR SEA SHANGHAI SINGAPORE MONTREAL 1989.50 46.50 2.00 17.40 404.61 2411.52 48.50
AR SEA  ROAD SHANGHAI  SINGAPORE  VANCOUVER  MONTREAL 2051.00 46.50 4.00 3481 40461 249042 50.50
ROAD SEA AR RAIL  SHANGHAI  SINGAPORE  SEATTLE VANCOUVER  MONTREAL 193025 60.30 5.00 4351 52469 249845 65.30
ROAD SEA AR RAIL  SHANGHAI  SINGAPORE  NEWORLEANS MIAMI MONTREAL 1897.75 65.81 5.00 4351 57266 251392 70,81
SEA AR RAIL SHANGHAI  NEWYORK  MIAMI MONTREAL 2075.25 5031 3.00 26.10 437.79 25394 5331
ROAD SEA AR SHANGHAI  BANGLADESH NEWYORK  MONTREAL 2114.00 4550 4.00 3481 39591 254472 49.50
| GRGRMNBESTNARGN viooe1 Mope2 Mopes mooes [ENSHICHNNRANSICN I ANS TGN RANS G AN RANSIGING) TOTAUPRICE] TOTAL TRANSIT TIME  TOTAL DELAY TIME_TOTAL DELAY HOLDING COST _ TOTAL HOLDING COST _TOTAL COST_TOTAL TRANSPORT TIME
SHANGHAI AR RALL SHANGHAI __ NEWYORK __ MONTREAL 7037.50 6.04 100 870 5257 709877 7.04]
AIR SHANGHAI MONTREAL 13803.00 7.50 0.00 0.00 65.26 13868.26 7.50
AR ROAD SHANGHAI  HALIFAX MONTREAL 14513.00 1050 100 8.70 9136 14613.07 1150
AR RAIL SHANGHAI  HALIFAX MONTREAL 14297.38 1072 1.00 8.70 9325 1439933 1172
AR RAL SHANGHAI  NEWORLEANS MONTREAL 1126075 1076 100 8.70 9361 1136306 1176
AR RAIL SHANGHAI  MIAMI MONTREAL 1125675 1081 100 870 9408 1135053 1.8
AR ROAD RAILL SHANGHAI  MIAMI NEWYORK  MONTREAL 11824.00 1104 2.00 17.40 %.08  11937.48 13.04
MODE1 MODE2 MODE3 MoDE4 [FRENSIICHNGRANSIC AN ANS TGN RANSIIGHNGN TOTAUPRICE] TOTAL TRANSIT TIME | TOTAL DELAY TIME TOTAL DELAY HOLDING COST TOTAL HOLDING COST TOTALCOST TOTAL TRANSPORT TIME
SHANGHAI MONTREAL AR  RAIL SHANGHAI  NEWYORK  MONTREAL 7037.50 6.04 100 8.70 5257 7098.77 7.04
AR SHANGHAI  MONTREAL 13803.00 750 0.00 0.00 6526  13868.26 7.50
AR ROAD SHANGHAI  HALIFAX MONTREAL 14513.00 1050 100 870 9136 1461307 1150
AIR RAIL SHANGHAI HALIFAX MONTREAL 14297.38 10.72 1.00 8.70 93.25 14399.33 1172
AR RAL SHANGHAI  NEWORLEANS MONTREAL 11260.75 10.76 1.00 8.70 9361  11363.06 11.76
AR RAL SHANGHAI  MIAMI MONTREAL 1125675 1081 100 8.70 24.08 1135953 1181
AR ROAD RAL SHANGHAI  MIAMI NEWYORK  MONTREAL 11824.00 11.04 2.00 17.40 9%.08 1193748 13.04
AR ROAD _RAIL SHANGHAI __ NEWORLEANS NEWYORK  MONTREAL 11824.00 11.04 2.00 17.40 96.08 1193748 13.04
[ AR___RAIL _ROAD SHANGHAI __ NEWYORK __ HALIFAX MONTREAL 8003.50 1111 2.00 17.40 96.66 811756 1311
AR___RAIL___ROAD SHANGHAI __ SEATTLE VANCOUVER _ MONTREAL 11295.00 1160 2.00 17.40 10090 1141330 13.60
[ ROAD _AIR SHANGHAI __ BANGLADESH _MONTREAL 754150 1350 100 8.70 117.47__ 7667.67 14.50|
AR ROAD RAL SHANGHAI  SEATTLE NEWYORK  MONTREAL 12472550 1304 2.00 17.40 11348 1260338 1504
AR ROAD SHANGHAI __ VANCOUVER _ MONTREAL 14084.00 1450 100 8.70 12617 1421887 1550
[ AR___ROAD RAIL SHANGHAI __LOSANGELES _NEWYORK __ MONTREAL 8053.50 1354 2.00 17.40 11783 818873 15.54]

City pairs Transit citi Price-$ Total cost-$
SH-NYC NYC-MTL $1,330.50 2 $1,726.41 $1.09 45.50 1 1 2
Lowest cost SEA AR
$412.50 $918.00
40.5d 3d
SH-NYC NYC-MTL $7,037.50 1 $7,098.77 $4.47 7.04 1 1 2
§ AR RAIL
GG e $6,808.00 $229.50
4.5d 1.54d
SH-NYC NYC-HLF HLF-MTL $8,003.50 2 $8,117.56 $5.11 13.11 1 1 1 3
SH-MTL Alternative AIR RAIL ROAD
1 $6,808.00 $485.50 $710.00
4.5d 3.6d 3d
SH-BGD BGD-MTL $7,541.50 1 $7,667.67 $4.83 14.50 1 1 2
ROAD AR
$825.00 $6,716.50
6d 7.5d
SH-LA LA-NYC NYC-MTL $8,053.50 2 $8,188.73 $5.16 15.54 1 1 1 3
AR ROAD RAIL
$6,458.00 $1,366.00 $229.50
4.5d 7.5d 1.5d

The table above presents the logic for choosing the top five plans with the lowest cost, highest speed,
and alternatives 1, 2 and 3. We have included the screen shot of AKE with an air combination as an
example.

The first table is the result of using Excel’s “Ascending” function in the total cost section—the first column,
marked as a red frame, is the plan for the lowest cost The second table was formed after using Excel’s
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“Ascending” function in the total transport time section—the first column, marked as a red frame, is the
plan for the lowest transit time; the third table was also formed after using the “Ascending” function in
Excel, and the three alternative plans were chosen as low transit time while displaying low cost among
the high-speed options; The fourth table is a summary of the top five plans for the Eurasia city pair of
Shanghai-Singapore, and of those five plans, we chose the optimal plan as the one with the lowest cost
and highest speed. For example, the plan with red frames, the lowest-cost plan, was chosen as the
optimal plan for the Shanghai-Singapore city pair—it calls for shipping products from Shanghai to
Singapore by air with a total cost of $1,657 and a total transport time of 6.5 days. However, we found that
the lowest-cost alternative is not always the best option, because sometimes when the shipping price is
too low, which are mostly shipping by sea, the total transit time will be long, thus having a direct impact
on holding cost.

In the last table, the first column lists the names of the city pairs. The second column contains the five
selected plans for each city pair: the lowest-cost plan, the highest-speed plan, and three alternative plans
with multimodal transport options. The third column indicates the transit cities between the origins and
destinations with transport price and time for each transit, and the fourth to eighth columns present the
total transport price, total delayed time (total multimodal transfer time), total cost including holding cost,
cost per kilogram, and total transport time respectively. Finally, the last column is a summary of the
transport modes that each plan used.

4.4 Interviews for data validation

Interviews will be taken to test not only the research results, but also the accuracy of data we have
collected from the secondary database. The test includes the assumptions we made on calculating
unavailable data, and the reasonability of the data. For example, if the data of transportation time are too
long by air, we have to doubt whether the data we collected are reasonable. In addition, we have to know
why those information errors happen. The answers will be displayed after the interviews.
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5 Discussion and analysis of results

5.1 Economic perspective

5.1.1 Results of optimal plans of city pairs—product value at $10/kg

5.1.1.1 Scenario 1: AKE cargo—with air (AKE cargo, 4.3 Cu.M, 1,588 kg)

In this section, we analyze the differences in transporting a small cargo—AKE air cargo—from city to city,
demonstrating the five best selected plans from the city pairs’ combinations. Those five top plans are
depicted by the sequence of the lowest-cost plan, including the delay cost and the warehouse holding
cost in terms of transporting time; then the highest speed plan; and the three alternative plans with modest
transporting times and costs. We chose the best solutions out of the five plans for each city pair using
common-sense logic, taking into account both criteria of total cost and total transport time —the red
frames marked in the Excel screenshots are the chosen solutions. The yellow highlighted areas are total
cost and total transport time, which are marked for easy comparison.

Overall, we divided the scenarios into short distance and long distance; In the short-distance scenario,
there are situations in the eastern regions, middle regions, and western regions, such as a combination
of Shanghai and Singapore in the eastern region of the Eurasia continent. In the long-distance scenario,
there are situations involving travelling from the east side of the continent to the west and from the west
side to the east.

The transportation mode combinations include the air mode for each situation in this section in order to
observe the economic influence of air cargo (by airplane) in the multimodal transportation system.

Figure 16 Tradeoff between cost and time among 5 plans

Total cost

@Fastest speed

@Alternative 1
@Alternative 2

@ Alternative 3
Lowest cost

o

Total time
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5.1.1.1.1 Eurasia

5.1.1.1.1.1 Short distance

To take the western region in Eurasia as an example (see the table below), for the city pair of London to
Amsterdam, we have chosen alternative 1 as the optimal plan out of the five options. This plan involves
travelling from London to Moscow by air at a price of $524.5 and for a time period of 9 days, and then,
from Moscow to Amsterdam by road at a price of $978.34 and a time of 2 days. However, we can see
that the total transport time is 12 days instead of 11 days; this is because there is a 1-day delay in terms
of transferring from the air mode to the road mode. When we compare the best solution to the lowest-
cost plan, the lowest-cost plan is $803.03 with 20 transport days—travelling by air from London to
Moscow at a price of $524.50 and a time of 9 days; then, from Moscow to Amsterdam by sea at a rate of
$104.5 and a time of 9 days, and including the 2-day delay of transferring from the air to the maritime
transport mode brings the total time to 20 days.

The reason for choosing alternative 1 is that it is much faster than the lowest-cost plan and still cheaper
than a direct flight from London to Amsterdam.
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Table 12 Scenario 1-Eurasia-short distance

e-$ Delay-d Total cost-$ Cost/kg Tot:

SH-SGP. 1601.00] 0.00 | 1657.00 | 1.04 6.50 1.00
AR
Lowest cost [— A
6.5d
SH-sGP. 1601.00] 0.00 | 1657.00 | 1.04 6.50 1.00 1.00
AR
Highest sp. 1601.50
6.5d
SH-BGD BGD-SGP 4742.00] _1.00 | _4894.27 508 17.50 _ [1.00[ 1.00 3.00
sh-sap | Alternative ROAD AR
825.00 3917.00
6d 10.5d
SH-TRY TKY-SGP. 3516.00] 2.00 | 2724.83 172 34.00 __[1.00 1.00]2.00
SEA AR
602.50 1193.50
6d 10.5d
SH-MB MB-BGD | BGD-SGP 5424.75] .00 | 5660.45 556 37.00 __|1.00] 1.00[1.00 5.00
ROAD RAIL AR
825.00 682.75 | 3917.00
5d 5.55d 10.5d
SGP-LD LD-sH 1138.00] 2.00 | 147735 | oo3 35.00 |1.00 1.00|2.00
SEA AR
towest cost 420.00 718.00
28d 5d
SGP-sH 1465.50] 0.00 | 1526.41 | 0.6 7.00 1.00 1.00
AR
Highest sp. T765.50
7d
SGP-BGD BGD-SH 4766.00] _1.00 | 4887.82 308 1400 [1.00[ 1.00 3.00
sGp.sh | Alternative ROAD AR
3944.00
7.5d
BGD-SH 528.50] 1.00 | 5395.02 5.40 1514 _[1.00 1.00 2.00
AR
5944.00
7.5d
MB-SH 4104.00] _1.00 | 4273.68 3.65 1550 _ [1.00[ 1.00 3.00
ROAD
822.00
5d
Lb-MsC__|msc-isTB 1643.00] 3.00 | 2104.17 133 53.00 |1.00] 1.00 1.00]3.00
AR ROAD
Lowest cost
426.00 524.50 692.50
37.5d 5d 3.5d
MB-ISTB 4577.00| 0.00 | 4e68.36 2.94 1050 [1.00 1.00
AR
Highest sp. 2597.60
10.5d
MB-ATHS | ATHSISTE 3422.00] 1.00 | 354650 | 2.23 1430 _[1.00 100 .00
MBsTe | Alternative AIR AlL
1118.00
XY
HMB-ISTE 11138 1.00 | 527115 532 1836 [1.00 100 2.00
RAIL
1302.88
7.8d
AMSD-ISTE 531175 1.00 | 547675 515 1896 [1.00 100 3.00
RAIL
867.75
8.46d
SGp-mB 159550| 1.00 | 2208.95 139 7050 |1.00] 1.00 2.00
ROAD
Lowest cost
773.50 822.00
62d 7.5d
ISTE-MB 3883.00| 0.00 | 3983.07 251 1150 [1.00 1.00|
Highest sp. AR
3883.00
BGD-MB 4558.00| 1.00 | 4732.87 358 1550 _ [1.00] 1.00 3.00
\sTB-MB | Alternative AIR ROAD
4805.38| 1.00 | 4949.36 313 16.05 _[1.00 100 3.00
4699.50] _1.00 | 4843.07 EX 1650 [1.00[ 1.00 3.00
629.00 | 2.00 803.03 051 2000 _|1.00 1.00]2.00
Lowest cost
524.50 104.50
5d od
LD-AMSD 2794.50] 0.00 | 2872.81 181 5.00 1.00 1.00
Highest sp. AR
2794.50
5d
LD-MSC__|MSC-AMSTD 1502.84| 1.00 | 1607.26 101 12.00 [1.00[ 1.00 2.00)
Lo-amsp| Alternative AR ROAD
1 524.50 97834
2d
MSC-AMSD 108038| 1.00 | 122119 | o077 16.20 _[1.00 1.00 2.00
RAIL
555.88
6.18d
ATHS-AMSD 1553.50] 1.00 | 1696.17 107 16.40 _[1.00 1.00 2.00
RAIL
826.00
6.3d
SH-LD 1871.50| 2.00 | 2293.52 144 48.50 _[1.00 1.00| 2.00
Lowest cost SEA
1410.50 461.00
7d 39.5d
AMSD-LD 2865.00] 0.00 | 2943.31 185 5.00 1.00 1.00|
AR
Highest sp. 5565.00
5d
AMSD-HMB| _HMB-LD 412738 1.00 | 421504 | 2.65 1008 [1.00 1.00 2.00
AmsD.Lp| Alternative AR RAIL
947.88
2.07d
HMB-LD 4382.00| 2.00 | 4499.47 283 1350 [1.00 1.00| 2.00
AR
3791.50
5d
ATHS-LD 3081.25] 1.00 | 4112.17 259 1505 [1.00 1.00 2.00
RAIL
882.75
7.04d
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5.1.1.1.1.2 Long distance

In the long-distance section in the Eurasia region (see the table below), we observe some differences:
the red frames (our logically chosen optimal plans) are not always marked as the highest-speed plan;
instead, they are sometimes alternatives with multimodal combinations. For example, from Shanghai to
Amsterdam, it is no longer possible to travel by air directly; instead, travel must be done from Shanghai
to Bangladesh by road at a price of $825 and a time of 6 days, and then, from Bangladesh to Amsterdam
by air at a price of $2,730.5 and a time of 7 days. The total transport cost is thus $3,677.32, and the total
transport time is 14 days. Although air transport should be maximum 2 days, the data we collected
included all the handling processes, customs brokerage time and some errors due to accuracy of the
secondary database.

However, from the lowest-cost plan, it is evident that the total transport cost is $2,043.3, and the total
transport time is 57.68 days. Since we are researching products with high-speed requirements, 57.68
days is considered to be too long to transport the goods.

Looking at the plan with the highest speed, the total transport cost is $11,999.26, and the total transport
time is 7.5 days. Although this transport time is 6.5 days less than that of the alternative 1 plan, the total
cost is $11,999.26, which is $9,268.76 (11999.26-2730.50=9268.76) more than the alternative 1 plan. If
we use the plan of alternative 1, we can transport four times more goods than with the air mode. Therefore,
the optimal plan is alternative 1, which is cheap enough while maintaining the high transport speed.
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Table 13 Scenario 1 -Eurasia - long distance

SH-LD LD-MSC__|MSC-AMSD 1541.38 | 3.00 | 2043.30 1.29 57.68 _|1.00 1.00[1.00[3.00
SEA AIR RAIL
Lowest cost
461.00 524.50 555.88
39.5d Sd 6.2d
SH-AMSD 11934.00] 0.00 | 1199926 | 7.56 7.50 1.00 1.00
Highest sp. AR
11934.00
7.50
SH-HMB__|[HMB-AMSD ©582.63 | 1.00 | 966587 6.09 557 1.00 1.00 2.00
Alternative AR RAIL
SH-AMSD 1 8718.00 864.63
7.5d 1.06d
SH-BGD _| BGD-AMSD 355550 | 1.00 | 3677.32 232 14.00 [1.00[1.00 2.00
ROAD AR
825.00 2730.50
od 7d
SH-BGD | BGD-AMSD 539563 | 2.00 | 553543 3.49 16.07 _ [1.00[1.00[1.00 3.00
ROAD AR RAIL
825.00 5706.00 564.63
od 7d 1.06d
SGPsh SH-LD 192650 | 2.00 | 234852 148 4850 [1.00 1.00[2.00
AIR SEA
Lowest cost ™ 6550 461.00
7d 39.5d
SGP-AMSD | AMSD-LD 682975 | 1.00 | 6908.24 435 5.02 1.00 1.00 2.00
Highest sp. AR RAIL
6113.50 716.25
7d 1.02d
SGP-HMB | _HMB-LD 553738 | 1.00 | 5625.04 354 1008 [1.00 1.00 2.00
Alternative AR RAIL
SGP-LD 4589.50 947.88
7d 2.07d
SGP-LD 5066.50 | 0.00 | 5170.92 326 12.00 [1.00 1.00
AR
5066.50
12d
SGP-BGD | BGD-AMSD | AMSD-LD 4268.75 | 2.00 | a403.80 2.77 1552 [1.00[1.00[1.00 3.00
ROAD AR RAIL
822.00 2730.50 716.25
5.5d 7d 1.02d
TKY-SGP__|_sGp-Hme 2390.00 | 2.00 | 273805 172 4000 [1.00 1.00]2.00
AIR SEA
Lowest cost 51550 476.50
1od 28d
TKY-HMB 444850 | 0.00 | 4509.41 2.84 7.00 1.00 1.00
AIR
Highest sp. 734850
7.00
TKY-AMSD_|AMSD-HMB 5140.88 | 1.00 | 3219.77 2.03 5.07 1.00 1.00 2.00
TKy-nme| Alternative AIR RAIL
1 2346.00 794.88
7d 1.06d
TKY-AMSD_|AMSD-HMB 2936.50 | 2.00 | 3036.57 1.1 1150 [1.00 1.00]2.00
AR SEA
2346.00 590.50
2.5d
TKY-AMSD | AMSD-LD | LD-HMB 3912.75 | 3.00 | 4o0e0.85 256 17.02__ [1.00 1.00]1.00|3.00
AIR RAIL SEA
2346.00 716.25 £50.50
1.02d 6d
AMSD-LD LD-SH 993.50 | 2.00 1141.42 072 17.00___|1.00 1.00]2.00
Lowest cost SEA AIR
275.50 718.00
od Sd
AMSD-SH 1410.50 | 0.00 1471.41 0.93 7.00 1.00 1.00
AIR
Highest sp. T210.50
7d
AMSD-HMB | _HMB-SH 2049.88 | 1.00 | 2128.77 134 5.07 1.00 1.00 2.00
Amsp.sn| Alternative RAIL AIR
1 794.88 1255.00
1.06d 7d
AMSD-LD LD-SH 1434.25 | 1.00 1530.15 0.6 1102 [1.00 1.00 2.00
RAIL AIR
716.25 718.00
1.02d od
AMSD-HMB | _HMB-SH 184550 | 2.00 154557 123 1150 [1.00 1.00]2.00
SEA AR
590.50 1255.00
2.5d
LD-sH SH-sGP 782.00 | 1.00 956.03 0.60 2000 |1.00| 1.00 2.00
Lowest cost AIR ROAD,
718.00 64.00
od 1od
LD-SGP 2576.50 | 0.00 | 2707.02 1.70 1500 _|1.00 1.00
AIR
Highest sp. 5576.50
15d
LD-BGD GD-sGP 1604.00 | _1.00 1738.87 110 1550 [1.00[1.00 2.00
Lo.sap | Alternative AR ROAD
1 1548.50 55.50
od 5.5d
LD-AMSD | AMSD-SH | SH-SGP 2173.13 | 2.00 | 235056 148 2039 [1.00|1.00 [1.00 5.00
RAIL AIR ROAD
698.63 1410.50 64.00
1.39d 7d 10d
LD-BGD BGD-SGP 2527.75 | 1.00 | 2707.36 1.70 20.64 _|1.00 1.00 2.00
AIR RAIL
1548.50 579.25
10.6d
HMB-SH SH-TKY 185750 | 2.00 | 2040.23 128 2100 |1.00 1.00]2.00
Lowest cost AIR SEA
1255.00 602.50
7d 12d
HMB-TKY 3502.00 | 0.00 | 3562.91 224 7.00 1.00 1.00
AR
3502.00
7d
HOM-AMSD | AMSD-TKY 5367.13 | 1.00 | 545037 3.3 557 1.00 1.00 2.00
amisTy| Alternative RAIL AIR
1 864.63 4502.50
1.06d 7.5d
HMB-AMSD | AMSD-TKY 4799.00 | 2.00 | 4916.47 3.10 1350 [1.00 1.00]2.00
SEA AIR
256.50 4502.50
ad 7.5d
HMB-MSC | MSC-TKY 5209.63 | 1.00 | 3337.25 2.10 1467 [1.00 1.00 2.00
RAIL AIR
1366.13 1843.50
5.17d 8.5d




Overall, short-distance city pairs in Eurasia mostly use the fastest speed plans—air only; however, there
are two exceptions to using the alternative plan, one of which is discussed in the next subsection.

By intuition, long-distance city pairs are more likely to use the alternative plans with multimodal transport
ideas. No optimal plan is depicted in the highest-speed section; all plans are either alternatives or the
lowest-cost plans. Therefore, the short-distance city pairs do not find the multimodal transport system
appealing, while the long-distance city pairs are more likely to use this system to reduce total costs and
retain high speeds of transportation.

5.1.1.1.2 North America

5.1.1.1.2.1 Short distance
The optimal plans for short-distance city pairs in North America demonstrate similar characteristics to the
optimal plans in Eurasia—they are mostly situated in the highest-speed plans, which are air-only plans.

Two exceptions exist in the short-distance optimal plans. One of them is the city pair of Vancouver to
Seattle, whose optimal plan is alternative 1. The itinerary is to travel from Vancouver to Los Angeles by
rail at a price of $1,826 and a time of 5.3 days, and then, from Los Angeles to Seattle by air at a price of
$755 and a time of 2 days. The total cost is thus $2,653.51, and the total transport time is 8.33 days,
instead of $7,338.81 and 4 days respectively in the highest-speed plan. The reason the alternative 1 plan
is better is because the price is much lower than that of the highest-speed plan, and the transport time is
only 3 days longer.
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Table 14 Scenario 1 -North America - Short distance

MTL-MIA [ MIA-NYC $1,487.50 $1,674.58 | $1.05 21.50
SEA AIR
Lowest cost
$146.50 |$1,341.00
16.5d 3d
MTL-NYC $7,304.00 $7,338.81 $4.62 4.00
AIR
Highest sp $7,304.00
ad
MTL-HLF | HLF-NYC $3,803.50 $3,904.54 | $2.46 1161
mTLNve| Alternative AIR RAIL
1 $1,977.50[$1,826.00
3.6d
MTL-NOL | NOL-NYC $3,167.00 $3,297.99 | $2.08 15.05
RAIL AIR
$1,826.00[$1,341.00
11.05d 3d
MTL-MIA | MIA-NYC $3,167.00 $3,299.44 $2.08 15.22
RAIL AIR
$1,826.00[$1,341.00
11.2d
NYC-MTL $918.00 $944.10 $0.59 3.00
Lowest cost AIR
$918.00
NYC-MTL $918.00 $944.10 $0.59 3.00
i AR
Highest sp $515.00
3d
NYC HLF | HLE-MTL $2,652.00 $2,730.31 | $1.72 9.00
Alternative AIR ROAD
Nye-mTH $1,942.00| $710.00
5d 3d
NYC-MIA [ MIA-NYC $1,662.75 $1,756.83 | $1.11 10.81
AIR RAIL
1,283.00| $379.75
3d 6.8d
NYC-NOL | NOL-MTL $1,511.75 $1,614.06 $1.02 11.76
AIR RAIL
$1,128.00| $383.75
ad 6.75d
NOL-LA $1,161.00 $1,195.81 | $0.75 4.00
Lowest cost AlR
$1,161.00
ad
NOL-LA 1,161.00 1,195.81 | $0.75 4.00
; AIR
Highest sps 1,161.00
ad
NOLSTL | STLLA $1,997.00 $2,070.96 | $1.30 8.50
NOL-La | Alternative ROAD AIR
1 $1,366.00| $631.00
5.5d 2d
NOL-MIA | MIALA $2,017.00 $2,100.50 | $1.32 5.60
RAIL AIR
$618.00 |$1,399.00
3.5d 5d
NOL-STL | STL-LA $1,873.50 $1,966.93 | $1.24 10.74
AIR RAIL
$1,323.00| $550.50
5d a.7d
LA-NOL $865.00 $899.81 $0.57 4.00
. AIR
owest cost (=0
ad
LA-NOL $865.00 $899.81 $0.57 4.00
; AIR
Highest sp. S555.00
ad
LA-MIA | MIA-NOL $1,574.00 $1,657.61 | $1.04 9.61
LA-NOL | Alternative AIR RAIL
$1,103.00| $471.00
3.6d
LASTL | STLNOL $1,838.50 $1,931.86 | $1.22 10.73
RAIL AIR
$811.50 |$1,027.00
a.7d 5d
LASTL | STL-NOL $1,769.00 $1,869.07 | $1.18 11.50
ROAD AIR
$742.00 |$1,027.00
5.5d 5d
VCV-MTL | MTL-MIA | MIA-STL $1,076.50 $1,402.80 $0.88 37.50
Lowest cost BOAD SE4 AR
$281.00 | $146.50 | $649.00
7d 16.5d 10d
VCV-STL $7,304.00 $7,338.81 | $4.62 4.00
AIR
Highest sp £7.304.00
ad
VCV-LA | LASTL 2,581.00 $2,653.51 | $1.67 8.33
vev.sTL| Alternative RAIL AIR
1 1,826.00| $755.00
5.3d
VCV-LA LA-NOL NOL-STL $4,057.00 $4,203.47 $2.65 16.83
RAIL AIR ROAD
$1,826.00| $865.00 |$1,366.00
5.33d 5.5d
VCV-MTL | MTL-NYC | NYC-STL $3,594.00 $3,746.13 | $2.36 17.48
ROAD RAIL AIR
$281.00 |$1,826.00|$1,487.00
7d 2.a8d 6d
STL-vev $548.00 $565.40 $0.36 2.00
Lowest cost AIR
$548.00
2d
STL-VCV. $548.00 $565.40 $0.36 2.00
AIR
Highest sp £548.00
2d
STLLA | LAvCVY $2,048.75 121.1 $1.3a 8.32
sTLvey | Alternative AIR RAIL
1 631.00 [$1,417.75
2d 5.3d
STL-NOL | NOL-VCV $2,933.00 $3,033.07 | $1.91 11.50
ROAD AIR
$1,366.00[$1,567.00
5.5d 5d
MTL | MTLVCV $2,669.00 $2,799.52 | $1.76 15.00
AIR ROAD
$2,272.00| $397.00
7d
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5.1.1.1.2.2 Long distance
In the long-distance section in the North America region, to transport AKE cargo, five optimal plans out
of six city pairs are situated in the lowest-cost plan and the alternative plans, and only one optimal plan
is that of the highest speed.

To elaborate, the optimal plan for the highest speed for the New-York-to-Seattle city pair is to travel from
New York to Seattle by air; the total cost of the highest speed is $1,539, and the total transport time is 6
days. The second optimal plan for this city pair is the alternative 1 plan, which is to travel from New York
to Los Angeles by road at a price of $905 and a time of 7.5 days, and then, from Los Angeles to Seattle
at a price of $755 and a time of 2 days; the total cost is $1,751.86, and the total transport time is 10.5
days, including the total transit time and total delay (transport modal transfer time). The difference is not
large; therefore, the alternative plan may have potential when transporting products in AKE cargo with a
multimodal transport system.
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Table 15 Scenario 1 -North America - Long distance

MTL-MIA | MIA-STL | STL-LA $1,346.00 $1,643.91 | $1.04 34.24
Lowest cost SEA AIR RAIL
$146.50 | $649.00 | $550.50
16.5d 1od a.7d
MTL-LA $7,304.00 $7,338.81 | sa62 4.00
AIR
= P $7,304.00
ad
MTL-VCV | VCV-STL | STLLA $2,854.00 $2,954.90 | s1.86 11.60
Alternative ROAD RAIL AIR
MTLLA $397.00 |$1,826.00| $631.00
7d 0.59d 2d
MTL-vCV | vcv-LA $3,891.00 $4,007.02 | $2.52 13.33
AIR RAIL
$2,065.00[$1,826.00
7d 5.3d
MTL-NYC | NYC-NOL | NOL-LA $3,704.50 3,826.1 $2.41 13.08
RAIL ROAD AIR
$1,826.00| $717.50 [$1,161.00
2.ad 5.5d ad
MIA-STL | STL-VCV $786.00 $886.90 $0.56 11.60
AIR RAIL
Lowest cost
$649.00 | $137.00
1od 0.59d
MIA-VCV $1,849.00 $1,901.21 | $1.20 6.00
AIR
= o $1,849.00
6d
MIA-NOL | NOL-VCV $2,038.00 $2,121.61 | $1.34 95.61
Miavey| Alternative RAIL AIR
1 $471.00 |$1,567.00
3.6d 5d
MIA-STL | STL-VCV $1,914.00 $2,000.72 | $1.27 11.00
ROAD AIR
$1,366.00| $548.00
8d 2d
MIA-NOL | NOL-STL | STL-VCV $2,463.00 $2,559.55 | $1.61 11.10
AIR ROAD RAIL
$960.00 [$1,366.00| $137.00
3d 5.5d 0.59d
NYC-MIA | MIA-STL $795.00 $1,064.74 | $0.67 31.00
SEA AIR
Lowest cost
$146.00 | $649.00
1od 1od
NYC-STL $1,487.00 $1,539.21 | $0.97 6.00
AIR
= e $1,487.00
6d
NYC-LA LASTL $1,660.50 $1,751.86 | $1.10 10.50
NvC.sTL | Alternative ROAD AIR
$905.50 | $755.00
$7.50 $2.00
NYC-NOL | NOLSTL $2,040.50 $2,140.57 | $1.35 11.50
ROAD AIR
$717.50 |$1,323.00
$5.50 $5.00
NYC-NOL | NOLSTL $1,928.00 $2,028.61 | $1.28 1156
RAIL AIR
$605.00 |$1,323.00
$5.56 $5.00
LASTL | STL.VCV | vev-MTL $1,173.00 $1,273.90 | $0.80 11.60
AIR RAIL ROAD
Lowest cost
$755.00 | $137.00 | $281.00
2d 0.59d 7d
LA-MTL $5,671.00 $5,705.81 | $3.59 4.00
AIR
e b $5,671.00
ad
LA-NOL | NOL-MTL $2,901.00 $2,902.36 | si88 10.50
LAmTL | Alternative ROAD AIR
$1,535.00
ad
STLMTL $1,173.00 $1,273.90 | $0.80 11.60
RAIL ROAD
$137.00 | $281.00
0.59d 7d
NOL-MTL $1,248.75 $1,351.06 | $0.85 11.76
RAIL
$383.75
6.75d
NOL-MIA $1,169.50 $1,608.92 | $1.01 50.50
Lowest cost AR
$416.50 | $753.00
$46.50 $2.00
VCV-MIA $7,304.00 $7,338.81 | $a.62 2.00
AIR
= = $7,304.00
ad
VCV-STL | STL-NOL | NOL-MIA $3,945.00 $4,032.85 | $254 10.10
Alternative RAIL ROAD AIR
vev-mia $1,826.00]51,366.00] $753.00
0.59d 5.5d 2d
VCV-NOL | NOL-MIA $2,9295.00 $3,027.62 | $1.91 11.33
RAIL AIR
$1,826.00[$1,103.00
5.3d 5d
VCV-STL | STL-MIA $2,602.00 $2,702.90 | $1.70 11.60
RAIL AIR
$1,826.00] $776.00
0.50d 10d
STLNYC $1,056.00 $1,143.01 | $0.72 10.00
Lowest cost AlR
$1,056.00
1od
STL.VCV | VCV-NYC $7,441.00 $7,480.69 | $a.72 5.60
i RAIL AIR
= = $1,056.00
1od
STLNOL | NOL-NYC $2,707.00 $2,785.66 | $1.76 9.50
sTL.nyC| Alternative ROAD AIR
$1,366.00($1,341.00
5.5d 3d
STLNOL | NOL-NYC $1,779.50 $1,878.99 | $1.18 11.4a3
AIR RAIL
$1,027.00] $752.50
5d 5.ad
STL-NOL | NOL-NYC $1,744.50 $1,84457 | $116 11.50
AIR ROAD
$1,027.00| $717.50
5d 5.5d
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5.1.1.1.3 Eurasia, North America, and Africa combined

5.1.1.1.3.1 Long distance

The city pairs to crossover Eurasia, North America, and Africa are all considered to be long-distance city
pairs. We observe that there is a half-half situation for the optimal highest-speed plan and the optimal
alternative plans.

Optimal plans involving the highest speed are from Shanghai to Montreal and from Los Angeles to
Singapore, while the optimal alternative plans are from Montreal to Shanghai and from Singapore to Los
Angeles. However, a closer look reveals that the highest-speed plan of the Shanghai-to-Montreal city
pair is not travelled by air mode only, it is also a multimodal transport method. The itinerary is to travel
from Shanghai to New York by air at a price of $6,808 and a time of 4.5 days, and then, from New York
to Montreal by rail at a price of $229 and a time of 1.54 days. Although there is a 1-day delay because of
the multimodal transport transfer time, overall, the transport time is 7.04 days, while the Shanghai-
Montreal direct flight is 7.5 days with a price of $13,803. Therefore, the plan with the fastest speed is not
the air-only plan but the plan with a multimodal method, and at the same time, the total cost is much less
than that of the air-only plan (presented in the following table and named as “air only”)
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Table 16 Scenario 1 — Eurasia & North America& Africa - long distance

City pairs Plans

Price-$ Delay-d Total co:

Modes
Road Rail Sea Sum

SH-NYC [ NYC-MTL $1,330.50 $1,726.41 | $1.09 45.50 1] 2
Lowest cost SEA AR
$412.50 | $918.00
40.5d 3d
SH-NYC | NYC-MTL $7,037.50 $7,098.77 | $4.47 7.04 1 2
. | AR RAIL
Highest speed <0 05 00| $229.50
4.5d 1.54d
SH-NYC | NYC-HLF | HLF-MTL $8,003.50 $8,117.56 | $5.11 13.11 1|1 3
SH-MTL Alternative AIR RAIL ROAD
1 $6,808.00 [ $485.50 | $710.00
4.5d 3.6d 3d
SH-BGD | BGD-MTL $7,541.50 $7,667.67 | $4.83 14.50 1 2
ROAD AIR
$825.00 [$6,716.50
6d 7.5d
SH-LA LA-NYC | NYC-MTL $8,053.50 $8,188.73 | $5.16 15.54 1 1 3
AIR ROAD RAIL
$6,458.00 [$1,366.00| $229.50
4.5d 7.5d 1.5d
SGP-AMSD[ AMSD-LA $1,144.50 $1,518.66 | $0.96 43.00 1|2
Lowest cost SEA AR
$337.00 | $807.50
31d 10d
SGP-SH SH-LA $7,280.00 $7,388.77 | $4.65 12.50 1 2
. |__RrOAD AIR
Highest speed| > > 00 [$6,458.00
7d 4.5d
SGP-LA $1,646.50 $1,759.62 | $1.11 13.00 1
SGP-LA Alternative AIR
1 $1,646.50
13d
SGP-BGD | BGD-LA $6,348.50 $6,496.42 | $4.09 17.00 1 2
ROAD AIR
$822.00 |3$5,526.50
5.5d 10.5d
SGP-BGD | BGD-STL [ STL-LA $6,769.50 $6,941.24 | $4.37 19.74 1|1 3
ROAD AIR RAIL
$822.00 |$5,397.00[ $550.50
5.5d 7.5d 4.7d
MTL-LD LD-SH $1,074.00 $1,313.29 | $0.83 27.50 1| 2
Lowest cost SEA AR
$356.00 | $718.00
16.5d 9d
MTL-SH $4,586.00 $4,651.26 | $2.93 7.50 1
. | AR
Highest speedl™o7 o600
7.5d
MTL-SGP | SGP-SH $3,350.50 $3,437.51 | $2.16 10.00 1 2
MTL-SH Alternative AIR ROAD
1 $2,528.50 | $822.00
2d 7d
MTL-VCV | VCV-SH $4,611.50 $4,742.02 | $2.99 15.00 1 2
ROAD AIR
$397.00 |$4,214.50
7d 7d
MTL-SGP | SGP-BDG | BGD-SH $4,635.00 $4,814.57 | $3.03 20.64 1|1 3
AIR RAIL ROAD
$2,528.50 |$1,284.50| $822.00
2d 10.6d 6d
LA-STL | STL-SGP $939.00 $1,465.43 | $0.92 60.50 1| 2
AIR SEA
Lowest cost
$755.00 | $184.00
$2.00 $56.50
LA-SGP $2,928.00 $2,958.45 | $1.86 3.50 1
. | AR
AT $2,928.00
3.50
LA-VCV | VCV-SGP $3,946.25 $4,014.30 | $2.53 7.82 1 2
LA-SGP Alternative RAIL AIR
1 $1,417.75 [ $2,528.50
$5.32 $1.50
LA-STL | STL-VCV [ VCV-SGP $3,407.50 $3,491.00 | $2.20 9.60 1|1 3
ROAD RAIL AIR
$742.00 | $137.00 |$2,528.50
$5.50 $0.60 $1.50
LA-NYC | NYC-SGP $4,294.00 $4,398.42 | $2.77 12.00 1 2
ROAD AIR
$1,366.00 [$2,928.00
$7.50 $3.50
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5.1.1.2 Scenario 2. ASE—with Air (ASE cargo, 33 Cu.M, 11,340 kg)

Scenario 2 involves transporting one ASE (heavy) cargo from origin to destination in three different
regions. However, in all the results, the air transport mode is required, for example, in the multimodal
transport method, there is always the inclusion of the air mode in the transport mode combination
between each city pair’s itineraries.

5.1.1.2.1 Eurasia

5.1.1.2.1.1 Short distance

In the following table, we see that the only two optimal plans are highest-speed plans; others are either
lowest-cost plans or alternative plans. Therefore, we can conclude that the transportation of ASE (large)
cargos between the short-distance city pairs does not favor air modes. This is because transporting large
cargo by air is quite expensive, even though it is fast. We should thus examine more plans to consider
the transport cost and total transport time.

For example, in the city pair of Singapore to Shanghai, the total cost of travelling by air is $45,627, and
the total transport time is 11.5 days, while the plan of alternative 2 is to transport goods from Singapore
to Mumbai by air, and then, from Mumbai to Shanghai by road, with a total cost of $35,171 and a total
time of 22.5 days.

Therefore, the total volume of air cargo could have an impact on the selection of optimal itinerary plans
because large cargo could cost much more than small cargo when transported by air only, even if the
two origins and destinations are close. Alternative plans—the plans of multimodal transport methods—
could be a suitable choice to reduce transport costs and maintain high-quality service levels (high
transport speed) when transporting low-value products ($10/kg) that are time sensitive.
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Table 17 Scenario 2 -Eurasia - Short distance

Price-$  Delay-d Totalcost-$  Cost/kg
ISTB-SGP 11466.50 | 2.00 1.61 109.50 _[1.00 1.00[2.00
Lowest cost AIR
5729.00 7737.50
45.5d 62d
SH-sGP 1575450 | 0.00 | 2037587 1.80 10.00 1.00 1.00
AR
15754.50
10d
SH-HMB HMB-SGP 4714148 | 1.00 | 4s14s.10 225 16.20 1.00] 1.00 .00
sH.sap | Alternative ROAD AR
1 17453.48 29688.00
7.2d
SH-BGD BGD-sGP 23943.50 | 1.00 | 45372.65 2.00 23.00 1.00] 1.00 2.00
AIR ROAD
23507.50 436.00
16.5d 5.5d
SH-HMB HMB-SGP 3560475 | 1.00 | 4105876 5.62 23.40 1.00 1.00 2.00
RAIL AIR
9916.75 29688.00
1a.4d d
SGP-RM RM-MD MD-SH 11051.00 | 3.00 | 1487242 131 61.50 1.00] 1.00 1.00[3.00
. AIR ROAD SEA
owest cost | 5626.00 790.00 1635.00
10.00 5.00 23.50
SGP-sH 45627.00 | 000 | 46341.58 2.09 11.50 1.00, 1.00
AIR
Highest sp 2562700
11.5d
SGp-MB MB-SH 5173850 | 1.00 5105.51 268 22.00 1.00[ 1.00 2.00
i ROAD AIR
SGP-sH 1 5955.00 2577950
7d 1ad
SGp-mB MB-5G 3377350 | 1.00 | 3517158 3.10 22.50 1.00] 1.00 2.00
AIR ROAD
27814.50 5959.00
12.5d od
SGP-HMB HMB-SH 2110000 | 2.00 | 4343014 383 37.50 1.00 1.00]2.00
SEA AIR
2831.00 38269.00
25.5d 10d
™MB-sGP SGP-RM RM-ISTB 1138250 | 3.00 13308.75 117 51.00 1.00] 1.00 1.00]3.00
Lowest cost ROAD AR SEA
514.00 8626.00 2242.50
7.50 10.00 10.50
MB-ISTB 71450.00 | 0.00 | 7207137 G636 10.00 1.00 1.00
Highest sp s
71450.00
10d
MB-RM RM-ISTB 15040.00 | 2.00 | 20407.01 1.80 22.00 1.00, 1.00]2.00
Alternative AIR SEA
Me-1sTe 1 16797.50 2242.50
9.5d 10.5d
MB-HMB HMB-IST 21609.00 | 2.00 | 23317.77 2.06 27.50 1.00] 1.00]2.00
AIR SEA
17952.50 3656.50
5.5d 16d
MB-BGD BGD-RM RM-ISTE 1682750 | 3.00 18598.40 164 28.50 1.00] 1.00 1.00]3.00
ROAD AIR SEA
5959.00 5626.00 2242.50
5d 10d 10.5d
ISTB-AMSD | _AMSD-MB 7214.33 2.00 1007153 0.89 45.98 1.00] 1.00]2.00
Lowest cost AIR SEA
5770.83 3443.50
3.48 20.50
ISTB-MB 27092.00 | 0.00 | 27744.44 2.5 10.50 1.00 1.00
" AIR
= 37092.00
10.5.
ISTB-AMSD | _ASMD-MB 2793817 | 1.00 | 29462.74 2.60 2454 1.00] 1.00 2.00
\stams | Alternative oAl AIR
1 1659.17 26279.00
12.5d 11d
ISTB-MD MD-MB 2446550 | 2.00 | 2620534 231 28.00 1.00 1.00]2.00
SEA AIR
2579.00 21486.50
1ad 12d
ISTB-LD Lo-mB 26746.50 | 2.00 | 2seales 2.53 50.50 1.00 1.00] 2.00
SEA AIR
4158.00 22588.50
12.5d 16d
LD-ISTB ISTB-AMSD c618.83 2.00 8015.81 071 22.48 1.00 1.00]2.00
. SEA AIR
owest cost ™ 5848.00 5770.83
17.00 .48
LD-AMSD 27797.00 | 0.00 | 28356.23 2.50 5.00 1.00] 1.00
AIR
Highest sp 5776700
LD-HMB | HMB-AMSD 2711650 | 2.00 | 28017.49 2.47 14.50 1.00] 1.00]2.00
LD-AMSD AIR SEA
1 25417.00 1699.50
5d 3.5d
[D-15TB ISTB-AMSD ce18.83 2.00 801581 071 22.48 1.00 1.00]2.00
SEA AIR
2848.00 3770.83
17d 5.4d
[D-mSC MSC-ISTE | ISTB-AMSD 11 5 | 3.00 13328.63 118 28.48 1.00] 1.00 1.00]3.00
SEA ROAD AIR
2848.00 2940.00 577083
18.5d 3.5d 5.4d
HAMBURG 7773.00 2.00 929536 082 24.50 1.00 1.00]2.00
Lowest cost AlR SEA
2934.00 2839.00
7.00 15.50
AMSD-LD 21739.00 | 0.00 | 2229823 157 5.00 1.00 1.00
Highest sp A
21739.00
AMSD-RM RM-LD 23399.00 | 2.00 | 24393.19 215 16.00 1.00 1.00] 2.00
AmsD.LD| Alternative AIR SEA
21083.50 2315.50
7d
AMSD-MD MD-RM RM-LD 26844.00 | 3.00 5211.01 2.a5 22.00 1.00] 1.00 1.00]3.00
AIR ROAD SEA
23738.50 790.00 2315.50
5d 7d
AMSD-HMB | _HMB-LD 7773.00 2.00 929536 082 24.50 1.00] 1.00]2.00
AIR SEA
4934.00 2839.00
155,




5.1.1.2.1.2 Long distance
The optimal plans regarding long-distance for transporting ASE cargo in the Eurasia region are mostly
alternatives and lowest-cost plans. Only two of them are highest-speed plans.

The highest-speed plans, as optimal plans, are both in the west-to-east region, which is from Amsterdam
to Shanghai and from London to Singapore.
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Table 18 Scenario 2 -Eurasia - Long distance

cost-$
SH-ISTB | ISTB-AMSD 7499.83 2.00 | 10667.71 0.94 50.98 _ |1.00 1.00[2.00
Lowest cost SEA AR
3729.00 3770.83
45.5d 3.ad
SH-HMB | HMB-AMSD 21366.50 2.00 | 4183253 5.69 7.50 1.00 1.00[2.00
AIR SEA
R 39667.00 1699.50
2d 3.5d
SH-MB MB-AMSD 26291.50 1.00 | 27503.17 2.43 1950  [1.00] 1.00 2.00
J— ROAD AIR
1 5959.00 20332.50
od 9.5d
SH-LD Lb-AMSD 37573.00 2.00 | 39095.36 3.45 2450 [1.00 1.00[2.00
AIR SEA
37030.50 542.50
12d 10.5d
SH-MB MB-HMB__| HMB-AMSD 25611.00 | 3.00 | 27164.42 2.40 25.00 _[1.00 1.00 1.00[3.00
ROAD AIR SEA
5959.00 17952.50 1699.50
od 5.5d 3.5d
SGP-RM RM-LD 1094150 | 2.00 | 12122.10 1.07 1900 [1.00 1.00[2.00
Lowest cost AR SEA
5626.00 231550
10.00 7.00
SGP-LD 3027150 | 0.00 | 31017.14 274 12.00 _ [1.00 1.00
. AIR
G 30271.50
12d
SGP-RM RM-LD 1094150 | 200 | 12122.30 107 1500 [1.00 1.00[2.00
e AR SEA
1 8626.00 2315.50
10d 7d
SGP-BGD | BGD-RM RM-LD 16900.50 | 3.00 | 18484.99 163 2550 |1.00] 1.00 1.00[3.00
ROAD AR SEA
5959.00 8626.00 2315.50
5.5d 1od 7d
SGP-MB MB-RM RM-LD 25072.00 | 3.00 | 26718.63 236 26.50 _ |1.00] 1.00 1.00[3.00
ROAD AIR SEA
5959.00 16797.50 | 2315.50
7d 9.5d 7d
TKY-AMSD | AMSD-HMB 5203.00 2.00 | 1103023 0.57 4550 [1.00 1.00]2.00
SEA AR
Ltowest cost ™55 69.00 4934.00
36.5d 7d
TYK-HMB 66965.00 | 0.00 | 67399.96 594 7.00 1.00 1.00
. AIR
Highest sp 696500
7d
TKY-RM RM-HMB 34405.00 2.00 | 35803.08 516 22550 [1.00 1.00[2.00
AIR SEA
UISERIE 1 29299.00 | 5106.00
13.5d
TKY-RM RM-MD MD-HMB 35183.50 | 3.00 | 36954.40 526 2850 [1.00[ 1.00 1.00[3.00
AIR ROAD SEA
29299.00 790.00 5094.50
7d sd 13.5d
TRY-SH SH-HMB 22687.50 2.00 | aassiel 5.93 30.00 _[1.00 1.00[2.00
SEA AIR
3020.50 35667.00
26d 2d
AMSD-HMB| __HMB-SH 7080.00 2.00 | 10559.67 0.93 56.00 _ [1.00 1.00[2.00
AIR SEA
Lowest cost
4934.00 2146.00
7d 47d
AMSD-SH 36219.50 | 0.00 | 36840.87 325 10.00 _ [1.00 1.00
AIR
Highest sp 36219.50
10d
AMSD-SGP | __SGP-SH 32819.00 100 | 33782.12 208 1550 [1.00] 1.00 2.00
AMSD_SH AIR ROAD
1 26860.00 | 5959.00
7.5d 7d
AMSD-MB ™MB-SH 32238.00 100 | 3354288 296 2100 [1.00[ 1.00 2.00
AIR ROAD
26279.00 | 5959.00
11d 5d
AMSD-SGP | __SGP-SH 29857.50 | 2.00 | 3206336 283 3550 [1.00 1.00[2.00
AIR SEA
26860.00 2557.50
7.5d 26d
RS iSTB-SGP 1058550 | 2.00 | 15618.60 138 8100 [1.00 1.00[2.00
SEA AR
Lowest cost
2848.00 7737.50
17d 62d
Lb-sep 26797.00 | 0.0 | 27449.44 2.42 1050 [1.00 1.00
. AIR
B 26797.00
10.5d
LD-HMB | HMmB-sGP 3475550 | 2.00 | 35718.62 315 1550 [1.00 1.00[2.00
Lb.sap | Alternative SEA AR
5067.50 29688.00
5.5d
LD-AMSD | AMSD-SGP 27402.50 | 2.00 | 2864524 253 2000 _ [1.00 1.00]2.00
SEA AIR
542.50 26860.00
10.5d 7.5d
Lo-mB MB-SGP 23102.50 1.00 | 24624.86 217 2450 [1.00] 1.00 2.00
AIR ROAD
22588.50 514.00
T6d 7.5d
HMB-MD MD-RM RM-TKY. 1061188 | 3.00 | 1687528 1.45 100.80__[1.00 1.00[1.00/3.00
Lowest cost RAIL AR SEA
5950.38 2335.00 2326.50
46.8d 7d aad
HMB-TKY 4470050 | 0.00 | 4si135.46 598 7.00 1.00 1.00
AIR
Highest sp: 2770050
RM-MD MD-TKY 35611.00 | 3.00 | 36978.01 526 22.00 _[1.00[ 1.00 1.00[3.00
p—— ROAD AIR
790.00 3197350
5d 7d
MD-TKY 36413.00 2.00 | 38059.63 336 26,50 [1.00 1.00[2.00
AR
31973.50
ISTB-TKY 39252.50 2.00 | 40899.13 EX 2650 [1.00 1.00[2.00
AR
35596.00
8.5d
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One city pair's (Shanghai-Amsterdam) highest-speed plan does not utilize unimodal air transportation
but rather a combination of two different transport modes to transport ASE cargos.

The highest-speed plan uses the itinerary from Shanghai to Hamburg by air at a price of $39,667, with a
transit time of 2 days, and then, from Hamburg to Amsterdam by sea at q price of $1,699.5 and a time of
3.5 days. The total cost of the highest-speed plan is $27,503 and the total transport time is 7.5 days.
However, the direct airline between Shanghai and Amsterdam is at a total cost of $20,375 and a time of
10 days. Even though the cost is much lower than the 