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Abstract 
 

Over the recent decade, rapid changes in the supply chain sector have forced liner 

shipping companies to reevaluate their pricing strategies. Until 2008, carriers did not 

have the ability to price differentiate as liner conferences set the prices globally. Since 

then, shipping companies have been looking for ways to increase their revenue 

generation and differentiate against the competition, but the recent shipping crisis and 

the current overcapacity of vessels in the market are not helping. 

Revenue management allows one to control the availability and pricing of different 

services and it has had a history of success in other transportation industries in the 

past, especially airliners. In an attempt to transfer some of those revenue 

management methods from other industries into liner shipping, a number of 

researches were conducted, which we will review in this paper. Our goal is to analyze 

and compare three of the most representative revenue management models that 

introduce revenue management in liner shipping. In contrast to other studies, the 

focus is on how those models reflect real container carrier market circumstances as 

well as how complex they are to comprehend and solve.  

The three representative models we chose have different formulation as well as 

assumptions and parameters that make their comparison, based on simulation 

outcomes, weak. Therefore, in order to select and compare the models, a number of 

criteria are set, concerning the network structure and market segmentation of each of 

those models. After analyzing each model formulation in depth and seeing the various 

parameters and assumptions as well as simulation results, a multi-criteria analysis 

approach is used, with each criteria having identical weight, to examine how those 

models fare against each other. 

Firstly, we find that the model of Zurheide and Fischer (2015) is the one that best as 

it represents a real network in detail, however also being overly complicated. Its use 

would be suggested for large global container carriers with sizeable networks and 

adequate revenue management departments. Ting and Tzeng’s (2004) model is 

definitely the easiest model to use and apply, at the same time taking some extreme 

assumptions that could not be easily applied in real liner shipping business. Lu et. al 

(2010) appear to have the best combination of reality and complexity of the model, 

but are more focused on short-haul transportation, thus making their model best 

applicable in liner companies operating short-sea services and not global networks. 

 

 

 

 

 

 



 iv 

Table of Contents 
 

Acknowledgements ---------------------------------------------------------------------------------- ii 

Abstract ------------------------------------------------------------------------------------------------- iii 

Table of Contents ----------------------------------------------------------------------------------- iv 

List of Figures ---------------------------------------------------------------------------------------- vi 

List of Abbreviations -------------------------------------------------------------------------------- vi 

1. Introduction --------------------------------------------------------------------------------------- 1 

1.1 Revenue Management Background and Problem Statement---------------------- 1 

1.2 Scope and limitations ------------------------------------------------------------------------ 3 

1.3 Research questions and objectives ------------------------------------------------------ 3 

1.4 Relevance of research ---------------------------------------------------------------------- 4 

1.5 Structure ---------------------------------------------------------------------------------------- 5 

2. Theoretical Background ----------------------------------------------------------------------- 6 

2.1 Revenue Management in airliners and other transportation sectors ------------- 6 

2.2 Revenue Management in liner shipping ------------------------------------------------- 8 

2.3 Market segmentation in liner shipping --------------------------------------------------- 9 

2.4 Network Management in liner shipping ------------------------------------------------ 11 

2.5 Capacity allocation in liner shipping ---------------------------------------------------- 12 

2.5.1 Booking Limits ------------------------------------------------------------------------- 13 

2.5.2 Nested Booking Limits --------------------------------------------------------------- 13 

2.5.3 Bid Pricing ------------------------------------------------------------------------------ 13 

2.6 Overbooking in liner shipping ------------------------------------------------------------ 14 

3. Criteria and selection of models from past research on revenue 

management in liner shipping ---------------------------------------------------------------- 15 

3.1 Literature review on revenue management in liner shipping --------------------- 15 

3.2 Criteria for the selection of revenue management methods ---------------------- 17 

3.3 Selection of the models ------------------------------------------------------------------- 18 

4. Revenue management models ------------------------------------------------------------ 19 

4.1 Ting and Tzeng (2004) -------------------------------------------------------------------- 19 

4.1.1 Network and slot allocation model ------------------------------------------------ 19 

4.1.2 Simulation results --------------------------------------------------------------------- 22 

4.2 Lu et. al (2010) ------------------------------------------------------------------------------ 23 

4.2.1 Network and slot allocation model ------------------------------------------------ 23 

4.2.2 Simulation results --------------------------------------------------------------------- 26 



 v 

4.3 Zurheide and Fischer (2015) ------------------------------------------------------------- 27 

4.3.1 Network and slot allocation model ------------------------------------------------ 27 

4.3.2 Booking limit strategy slot allocation ---------------------------------------------- 32 

4.3.3 Nested booking limit strategy slot allocation ------------------------------------ 33 

4.3.4 Bid-pricing strategy slot allocation ------------------------------------------------ 33 

4.3.5 Simulation results --------------------------------------------------------------------- 34 

5. Multi-criteria analysis ------------------------------------------------------------------------ 35 

5.1 Network structure --------------------------------------------------------------------------- 35 

5.2 Market segmentation ---------------------------------------------------------------------- 37 

6. Results and conclusions -------------------------------------------------------------------- 38 

Bibliography ------------------------------------------------------------------------------------------ 40 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 vi 

List of Figures 

 

Figure 1: Two Service Network Example ----------------------------------------------------- 11 

Figure 2: Service Network ------------------------------------------------------------------------ 20 

Figure 3: Example short-sea network with sailing legs and port pairs ----------------- 24 

Figure 4: Four Level Network Example ------------------------------------------------------- 28 

 

 

 

 

 

 

 

List of Abbreviations 

 

RM  Revenue Management 

BL  Booking Limits 

NBL Nested Booking Limits 

BP Bid Pricing 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///C:/Users/Dimitris/Desktop/Thesis.docx%23_Toc459484235
file:///C:/Users/Dimitris/Desktop/Thesis.docx%23_Toc459484238
file:///C:/Users/Dimitris/Desktop/Thesis.docx%23_Toc459484241
file:///C:/Users/Dimitris/Desktop/Thesis.docx%23_Toc459484244


 

 1 

1. Introduction 

 

1.1 Revenue Management Background and Problem Statement 
 

With the emergence of globalization, liners are faced with a change of trends in their 

managerial strategies, as in turn, their clients – the shippers – are restructuring their 

supply chain organization. As a result, this is forcing container liner companies to be 

more flexible both in terms of the services offered but also slot allocation on their 

vessels while also attempting to maximize revenues and utilizing as much of the 

available capacity as possible. Undoubtedly, this also gives liners the chance to 

reshape their competitive position in the market through the use of revenue 

management strategies, in order to differentiate themselves from competition. 

However, while revenue management has been a thoroughly researched topic in 

other industries such as air and rail passenger and passenger transportation, we 

cannot say the same for liner shipping. It was only after 2006, when the talks about 

eradicating the liner conference system started (European Commission , 2006), that 

researches started looking into implementing revenue management methods in liner 

shipping. With the above fact and if we add the recent economic crisis of 2008 that 

slowed progress down globally, we can easily conclude that revenue management is 

relatively undeveloped in the liner shipping industry. 

In general, revenue management can be considered a special case of pricing strategy 

where the supply is constrained (Phillips, 2005). Its importance emerged in the 1980s, 

when air liners attempted to differentiate prices between leisure and business 

passengers. In particular, American Airlines developed a “yield-management” system 

in order to compete with its main rival PeopleExpress Airlines who was offering low 

fares on many of the key U.S. routes. This approach was largely successful for 

American Airlines and resulted in the eventual downfall of PeopleExpress. After 

American Airlines made their revenue management methods public in its annual 

report, public interest rose significantly. In fact, after a short while, a number of 

consultancy companies started appearing, which primarily focused on developing 

revenue management software and selling it to companies that wanted to use them 

for their pricing strategy. Revenue management was spreading to airliner companies 

but also other industries. 

While it seems like revenue management strategies would be applicable and 

beneficial in any industry, Phillips (2005) states that, for RM to be applied in an 

industry, certain conditions are required: 

 Capacity must be limited and immediately perishable; 

 Customers must be able to book capacity ahead of time and 

 Prices have to be changed by opening and closing predefined booking classes 

(fare classes) 

He adds that an RM strategy consists of identifying customer segments and 

establishing the services or products targeted at these segments. Moreover, once 

services and fares have been established, RM focuses on setting and updating limits 
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on how much and at what price a service can be sold to each segment for a period of 

time. 

It is easy to understand that not every company in every field can apply RM methods. 

Particularly, most industries do not face such capacity constraints such as those 

airlines face. For example, a manufacturer can adjust production levels and store 

finished products in order to deal with fluctuations in demand. Similarly, retailers 

simply adjust their stocks in response to changes in demand. In fact, we can notice 

that the industries that benefited the most from the introduction of revenue 

management, are exactly those that meet each and every one of these conditions, 

such as hotels, rental car companies, cruise lines, railroads, tour operators and freight 

transportation. Here, it would be very important to mention that the growth of e-

commerce has also largely assisted the application of RM. With the introduction of 

the internet in the 1990s, analysts were predicting that it would take the control of 

pricing out of the hands of a seller, however we have seen that the result has been 

the complete opposite. In fact, the Internet increased the need for revenue 

optimization, according to Phillips (2005) for four reasons: 

 It increases the velocity of pricing decisions as companies can now change 

their price lists almost daily; 

 It makes a vast amount of information on the clients available to the seller, 

such as who bought what item, which items they looked at and for how long 

etc; 

 It allows companies to experiment with pricing alternatives and pricing models 

and 

 Even in cases where a customer does not buy online, he usually resorts online 

to find relevant information about costs and competitive prices. 

Therefore, it is also important to factor the growth of e-commerce as a reason for the 

immense growth of revenue management as well. 

In order to describe the situation in liner shipping the last few years, we would say it 

shows remarkable similarities to the air liner industry in the U.S. before 1983, where 

the Airline Deregulation Act was completed, effectively removing all fare regulation 

(Williams, 1994). Before that, there was no price differentiation allowed, as carriers 

did not have direct control over fares, which were set by the Civil Aeronautics Board. 

Therefore, airliners in the U.S. focused exclusively on filling up the planes, using load 

factor as their primary performance measure. In other words, filling up passenger 

seats in a plane was the most important task for airliners and prices were regulated 

in such a way, that a 75% fill rate would be the so called break-even load factor 

(Phillips, 2005). Similarly, in the container liner industry until the elimination of liner 

conferences in 2008, load factor was and to this day still remains the most important 

performance measure for the industry. The break-even load factor for container 

shipping varies per route, company and period but based on several reports and 

expert opinions is considered to be between 80% and 90% throughout the years. This 

means that a company operating their vessels loaded by 80% or less would struggle 

to cover its operating costs, let alone be profitable. One would expect that after 2008 

liners would adapt their pricing strategies to the new reality, however we have seen 

little progress in that regard. In fact, the pricing strategy most often used by the 
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majority of the liners is “First Come First Serve”. There are a lot of reasons for that 

and most importantly the shipping crisis of 2008, that created fierce competition for 

survival, but also severe trade imbalances throughout the world, low fuel prices and 

the overcapacity of vessels as well as the fact that shipping industry has always been 

a very conservative industry in which change comes slowly (McKinsey, 2014). 

Based on the situation described above, we can conclude that there is a lot of room 

for research aiming at the improvement of container liner’s pricing strategies. 

Revenue management could become a key strategy for liners, in order to differentiate 

from their competition and increase their revenue generation. The importance of 

implementing revenue management and reshaping container liner’s pricing strategies 

becomes even greater nowadays, when most of them are struggling to reach the 

break-even load factor, resulting in losses even by the leaders of the market (Drewry, 

2015). 

  

1.2 Scope and limitations 
 

Based on the problem stated in the above chapter, we will try to analyze different 

revenue management methods, with the help of relevant past research on the subject. 

As there is a large number of suggested models in existing literature, we will attempt 

to categorize three revenue management models applied in liner shipping which we 

believe best represent the majority, depending on the different parameters they have, 

set by their creators. Of course, this means that we will limit our research to models 

that are comparable. Correlating them will help us achieve our main goal which is to 

compare how they fare against each other. We will attempt to compare them by 

conducting a multi-criteria analysis on all three of those models. 

A significant limitation in our research is the lack of a quantitative comparison. 

Comparing the models we select with each other through the use of simulation would 

require reformulating them into having the same assumptions and parameters and 

coming up with similar outcomes. We believe that the authors of the models we select 

have chosen different parameters and decision variables due to their focus in different 

aspects of liner shipping and as a result, each model excels in different situations, 

which must be mentioned. Furthermore, because of time limitations, such an 

approach would be infeasible and therefore, is beyond the scope of this research. 

 

1.3 Research questions and objectives 
 

As mentioned earlier, we believe there is a lot of room for improvement in container 

liner companies’ pricing strategy and RM strategies can significantly aid in that 

direction. Our main objective is not only to examine how valuable the implementation 

of revenue management strategies in liner shipping is, but also estimate the outcome 

of different strategies to define the most beneficial one in different realistic situations. 

Our primary concern is revenue and therefore we will consider an RM strategy more 

beneficial than another if it generates more revenue. Utilization rate and load factor 
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are also very important in liner shipping, as a vessel trip can last for many days or 

even months and a container liner should also consider attracting as much market 

share as possible. Furthermore, for a model to be applicable in liner shipping, it has 

to reflect as much as possible a realistic situation in the market. At the same time, a 

model should not be overly complex as that would create problems for those 

responsible for applying it, as it would be hard to comprehend and use as well as 

require a significant amount of time for its solving. Thus, we will present all those 

factors for each of the models selected, in order to reach a conclusion. Our main 

research and sub-research questions are presented below: 

Main Research Question: 

Which Revenue Management method would be most beneficial for a container liner 

operator? 

Sub-Research Questions: 

1. What are the criteria used to select Revenue Management methods? 

2. What are the differences of the selected Revenue Management methods and how 

can they be compared? 

3. What results deem a Revenue Management method more beneficial than 

another? 

Our first sub-research question is focused on selecting the RM methods out of the 

pool of RM methods in the existing literature. We will analyse their different criteria 

and parameters and explain why we believe those methods are the most 

representative in the interest of conducting our research. In order to answer our 

second sub-research question, we will categorize the individual RM methods by 

finding their similarities and differences and examining which ones can be compared 

and how. In our third sub-research question, our objective is to examine what outcome 

of the RM methods is considered most important. In other words, we will state which 

criteria in our results make us believe that a method works better than another one 

and that will help us conclude with a most efficient method suggestion. Upon 

answering all the above questions, we will be able to estimate the outcome of the 

application of RM methods in liner shipping and we will be able to compare them 

against each other using multi-criteria analysis. 

 

1.4 Relevance of research 
 

Our intention is that this research provides useful and practical information for the 

application of RM methods in liner shipping to maritime experts and container liner 

companies in the current market. We hope this dissertation will contribute to the 

currently limited amount of research on RM in container shipping and provide 

motivation to future researchers to develop the subject even further. 

In the current shape of the market, fierce competition is not allowing companies to 
have a lot of control over the freight rates. In addition, the cost of empty container 
repositioning is increasing along with trade imbalances around the world, as Asia 
continues to increase its exporting, while Europe and America are mostly importing. 
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In order to understand the importance of ECR, Head of Maersk Line’s Equipment 
Flow, the biggest container liner in the world, reported that 1 billion USD is a good 
estimate of the cost of shipping empty containers for Maersk (Shipping Watch, 2012). 
As a result, companies have difficulty generating profits and sometimes even run 
deficits. While there has been a lot of research and development on improving the 
efficiency of ECR, it was only recently that the shipping industry took steps to create 
a more suitable environment for segmentations based on service differentiation. A 
few examples are more reliable services, express services, adding fees for late 
arrivals which have given new options to liner companies, in terms of segmentation 
of their services. Based on a segmentation, it is possible to use slot allocation models 
and revenue management methods in order to accept or reject bookings (Talluri & 
Ryzin, 2004). This in turn will give carriers the opportunity to achieve better control of 
the market, better services and more importantly increased revenue and profits and 
this is exactly what we are trying to show with the results of our research. 
 
Finally, despite their significant differences, we cannot also oversee the similarities 
with other industries and especially the aviation industry, in which revenue 
management proved very beneficial for its growth in times of fierce competition and 
crises, such as in container liner shipping at the current time. Thus, we firmly believe 
that a focus on development and application of RM methods in liner shipping could 
prove equally beneficial in the long run. 
 

 

1.5 Structure 
 

Having presented the main objects and the scope of our research, in the next section, 

Chapter 2, we will give a brief theoretical background in RM methods and strategies. 

In that section, we will analyze in depth how revenue management is structured and 

how it was applied in airline and other transportation industries. Having examined how 

RM methods faired in other industries, we will examine if and how they can be 

transferred in the liner shipping industry. 

In Chapter 3, we will present past researches that focus on RM methods in liner 

shipping industry, as well as how research has progressed over the years. 

Additionally, we will analyze which criteria we will use to choose and compare the 

models and continue with the selection of the most representative RM models out of 

the pool in our literature review, in order to answer our first sub-research question. 

In the next chapter, we will study in depth the selected models to see exactly how 

they work and examine the differences in the assumptions, parameters and 

outcomes. We will analyze the formulation of the selected models as well as examine 

the simulation results of each model. Chapter 4, along with Chapter 5, that includes 

the multi-criteria analysis, will help us examine the model differences and we will 

attempt to compare them in different situations depending on the criteria we selected 

earlier. That will allow us to answer our second sub-research question. 

Finally, in Chapter 6 we will list the results and conclusions of our comparison and 

discuss which model excels in different situations and why, effectively answering our 
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third sub-research question. That section will also include the added value of our 

research, paired with suggestions about further research. 

2. Theoretical Background 

 

In order to better explain RM tactics, we will decompose them in sub-problems that 

exist when we try to implement them. Phillips (2005), identified three interrelated 

sub-problems that are part of tactical RM: 

 Network Management 

 Capacity Allocation 

 Overbooking 

Network Management handles bookings for multi-resource products. It is important 

for industries that sell products consisting of a combination of resources, such as 

hotels where managing the length of stay is more important than the rate, but not as 

important to industries that sell single-resource products, such as passenger airliners 

who sell seats. In liner shipping case, network management is important because of 

the existence of fixed scheduled services with several ports of origin and destination 

where the containers booked before the start of the round trip can have different 

destinations and arrival times as well as the ports a service reaches can have 

significant imbalances concerning the supply and demand of containers. 

Capacity allocation focuses on creating booking limits for single-resource products. In 

simple words, the question capacity allocation has to answer is how much of each 

product of constrained capacity, in our case container slots on a vessel, we can sell 

in two or more different prices.  

Overbooking is important where bookings are allowed to cancel or not show without 

much of a penalty. In liner shipping, despite the effort of some companies such as 

Maersk to impose them, cancelation fees are either non-existent or insignificant for 

customers. On the other hand, containers can sit in container yard for weeks if 

incoming ships are full and shipping lines usually do not compensate their clients 

either. 

These problems are obviously not independent. In particular for liner shipping, 

capacity allocation and network management are largely connected. However, it is 

important to separate them as they are not equally important in the different RM 

industries. In the sections below, we are going to analyze those problems as well as 

present past research that examined their implementation in transportation industries 

and especially in liner shipping. 

 

2.1 Revenue Management in airliners and other transportation sectors 

 

Revenue management allows one to control the availability or pricing of services in 
order to maximize revenues and it has been a topic that has been researched in depth 
in a lot of transportation industries. Airline Industry is the most characteristic example, 
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where research has been ongoing for decades. A good overview is given by McGill & 
van Ryzin (1999) where the studies and advancements over the years are analyzed. 
In airliner industry, the primary problems that require RM methods are capacity 
allocation and overbooking. Network management is not as important for passenger 
airliners as seats on a plane are largely a single-resource product. In the past, 
overbooking was arguably the most important as tickets were sold with little to no 
penalty and cancellations were frequent. As a result, companies overbooked their 
flights meaning that a number of passengers could get denied entrance if more people 
than the available seats on a plane had showed up before a flight. As the regulation 
against overbooking by airliners has become stricter and companies are now forced 
to compensate passengers if they are not allowed to board a plane, airliners have 
significantly increased the amount of non-refundable bookings as well as the 
surcharges for changing a booking date (Phillips, 2005). As a result, overbooking has 
become somewhat less important than capacity allocation, however still being critical 
in revenue management of most airline companies as cancellations, even now, 
happen quite often. On the other hand, capacity allocation is more critical than ever 
in the industry. Airliners use RM software in order to set fare classes to tickets 
depending on criteria such as business or leisure travel, early reservation or late 
reservation, ability to refund ticket or not and others, while also setting the prices and 
the capacity limits of the different fare classes. In brief, as Phillips (2005) describes, 
a fare class is a combination of a price and a set of restrictions on who can purchase 
the product and when. The application of such methods was a resounding success, 
favoring the ones who had the tools to implement them and overwhelming those who 
did not. 
 
Following those advancements, airliners that were also focusing on cargo 
transportation tried to implement RM methods to air cargo transportation. In this case, 
we have more multiple-resource products thus network management as well as 
overbooking were the most significant problems, as cargo capacity in planes is three-
dimensional (weight, height, volume) and also uncertain, as it most of the times 
depends on the amount of capacity the passengers’ luggage occupy. A more in depth 
analysis on air cargo RM methods is given in Houang and Chang (2010) and Zou et 
al. (2013). Ultimately, in both passenger and cargo airliner industry, RM methods have 
proven extremely profitable to the companies that applied them.  
 
Those RM systems were so successful that after their implementation in airliner cargo 

and passenger industry, increasingly more industries were interested in applying 

similar strategies. This lead to RM methods spreading rapidly as specialized 

companies, with the experience they had in the airliner industry, started offering 

software and consultancy on RM in other sectors as well. Thus, despite the various 

differences between the transportation sectors, we saw a rapid movement towards 

RM tactics from rail (passenger and cargo) and trucking transportation. Some 

important studies looking into the advancement of RM in other transportation 

industries are Guerriero et al. (2012) for trucking, Ciancimino et. al (1999) and 

Armstrong & Meissner (2010) for railway industry, Geraghty and Johnson (1997) for 

car rental services and Ladany & Arbel (1991) for cruise liner services. 
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2.2 Revenue Management in liner shipping 
 

While the revenue management methods are well developed in most other 

transportation industries, the same cannot be said about liner shipping. The reason 

behind that is Liner Conferences, which were present in the industry until October 

2008 and set global prices so that carriers had little power to change their prices 

individually (Munari, 2009). In fact, Brooks (2000) finds that revenue management in 

liner shipping can only work in a non-conference system. Even after the eradication 

of liner conferences however, transferring revenue management methods directly 

from other industries into liner shipping could not be easily done, as liner shipping has 

fundamental differences with other industries. If we take as example the air cargo 

industry, the space allocated solely for cargo cannot be known in advance, as most 

of the time a plane’s cargo hold is shared with passenger luggage. Another major 

difference is that in air cargo, as opposed to containers in liner shipping, the size of 

parcels is not standardized. Finally and more importantly, the network structures of 

other cargo transportation industries differs significantly from that of liner shipping. 

Therefore, it is important to have specific models and approaches solely for liner 

shipping. The reasons mentioned above are the primary reason that there is limited 

effort in the research of Revenue Management for liner shipping, which we will focus 

on. 

Despite the differences, it would also be necessary to mention the similarities between 

liner shipping and other cargo transportation industries. Hellerman (2006) analyzed 

revenue management for air cargo industry and stated that in order to implement an 

RM system the following 7 characteristics are essential: 

 Perishability of the product offered 

 Relatively fixed capacity 

 Low marginal sales cost and high marginal capacity change cost 

 Ability to segment markets 

 Sale/Booking in advance 

 Stochastic demand 

 Forecastable demand 

First of all, in the case of liner shipping container slots in a vessel are perishable, as 

there are schedules and if a slot remains empty, the carrier makes no revenue. 

Secondly, capacity is fixed and cannot be increased easily unless we replace a vessel 

with a larger one. The third characteristic is presented with the difference between the 

operating costs of a ship, which are high compared to the low marginal cost of 

transporting an additional container. Fourth, we can split the demand of liner shipping 

into different segments, such as by container size, routes or service that a liner offers. 

The fifth characterstic is easily identified, as the slots in vessels are sold and booked 

in advance, which gives the carrier the option to accept/reject a booking depending 

on a revenue strategy he chooses. The sixth characteristic is applied by the existence 

of seasons and geographical differentiations that give different regions in different 

seasons higher or lower demand, thus deeming it stochastic. The final characteristic 

mentions that demand should be able to be forecasted through the use of historical 

data, which is clearly the case for liner shipping. Since liner shipping fits all the above 
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characteristics, carriers could theoretically apply revenue management in their 

operations, in order to increase profits in times when demand exceeds the capacity 

provided. 

Currently in liner shipping, booking agents receive booking requests and have the 

option to either accept or decline them on the spot. Very rarely do they use decision 

support tools and instead use their experience in the business to make a decision. 

More often than not, the strategy used by the booking agents is very similar to an 

FCFS strategy as their first aim is to maximize vessel utilization. In times such as this, 

one could argue that it is the most effective strategy, as the overcapacity presented 

in the current market forces carriers to focus on filling up their ships first and then 

worry about which cargo bookings are the most profitable. However, as we have seen 

many times before, cyclicality in the shipping market will sooner or later create 

circumstances in which vessel capacity is scarce and accepting the more profitable 

bookings in favor of the less profitable ones, for the available capacity, will be an 

important issue.  

 

2.3 Market segmentation in liner shipping 
 

Before we dive into the sub-problems mentioned in the above sections, it is very 

important to look into possible segmentations of the liner shipping market as it is a 

requirement for the implementation of RM methods. After all, before dividing the 

products in categories or classes, we need to examine the differences in products and 

their demands. In fact, Brooks (2000) stated that product differentiation in liner 

shipping is a very challenging subject, as before we perform a segmentation it is 

important to know what the criteria are for a customer to choose one product class 

over the other. At the moment there are three major market segmentation criteria in 

liner shipping. The first one is container type, as containers differ in sizes, the most 

common being 20’, 40’ and 40’ High Cube (HC) but also in their use, as we have dry, 

reefer and special purpose containers that can be loaded on a vessel. Cargo that 

needs to be refrigerated needs to be transported in reefer containers, oversized cargo 

needs to go in special containers such as flat rack or open top containers and the rest 

of the cargo usually travels in dry containers. The second criterion is the network 

provided by the services of a carrier. A network can consist of one leg or multiple legs 

and it can also provide transshipment. We will analyze this further in the network 

management section. The third one is the relationship between the carrier and the 

shipper. A customer can either be contractual or coming from the spot market. 

Contractual customers usually enjoy lower, fixed rates and special service 

agreements.  

At the same time, research has been ongoing about additional market segmentation 

in liner shipping. Collison (1984) performed a market segment analysis on shipping 

and identified the timeliness of a service as the most significant aspect for 

segmentation. Additionally, Lu (2007) emphasizes on reliability and the competence 

of a carrier as competitive advantages and suggests segments that offer valuable 

services to shippers. In his book, Stopford (2009) attempts to separate the customer 

preferences depending on their cargo. In fact, he states that delivery, speed and 
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reliability are especially important for those that own high value commodities. 

Segmentation on delivery speed and urgency is also suggested by Alvarez (2008) 

and Pompeo and Sapountzis (2002). Similar ideas on segmentation are also 

presented by Acciaro (2011) in a study in which came up with a model based on 

advance booking, in order to optimize the trip of a carrier operating one vessel with 

fixed capacity, from one port to another. The reasoning behind that segmentation is 

that a client with urgent cargo is willing to pay more to guarantee that his cargo will 

be loaded on a certain ship that will arrive at an arranged date. On the other hand, a 

customer that does not care about urgency will not mind waiting for the next available 

ship if that translates into a lower freight rate for him. The idea emerged from 

Lufthansa Cargo who introduced a ‘time definite’ segmentation in 1998 which was 

soon implemented by other air cargo companies as well (Hellerman, 2006). From the 

research, we can conclude that there is room for such a segmentation in the liner 

shipping industry. In fact, Maersk (2010, 2011) publicly announced their effort to 

segment their services and provide service differentiation for their customers based 

on delivery reliability and urgency. Firstly in 2010, they started offering priority 

bookings for higher cost, which meant that if a customer pays a premium, his cargo 

is guaranteed to be loaded onto the next ship available. This made a difference from 

a normal booking because if a ship was overbooked, the customer who had cargo 

booked would have to wait until the next service. With that strategy, a customer can 

have better control of his cargo depending on if his cargo is urgent or not, as well as 

Maersk gain additional revenue from the higher charge per container. Another service 

differentiation policy was announced by Maersk in 2011, called the “Daily Maersk”, 

where they would guarantee transportation time punctuality from each origin port to 

each destination port for every day of the week, in the Europe-Asia trade route. With 

this service, a customer can again have the choice between urgency and cost, while 

the carrier is able to estimate the time ranges of transportation and be more flexible 

in allocating cargo to the various vessels operating in the Asia-Europe trade route. 

Another step towards market segmentation, this time also aiming at improving 

customer reliability was introduced again by Maersk. In an article in popular maritime 

news website “JOC.com”, Leach (2011) reports that Maersk introduces a “load 

protection fee” and can develop new booking classes with flexible rebooking costs, in 

order to enforce reliability from its shippers. This was caused due to the no-show rate 

of approximately 30% from shippers, as the industry either enforces low fees or not 

at all for no-shows (Leach, 2011). This RM method is very similar to those the airliners 

use to tackle the problem of overbooking, as we explained in the sections above.  

As for the current market situation, Alvarez (2008) reported that, to his knowledge, at 

least one major liner is following a revenue management strategy. In fact, liner 

shipping companies have revenue management departments, but little is known 

about which tactics they are using. The shipping market has been struggling the last 

few years since the big shipping crisis in 2008 and combined with the current 

overcapacity from the introduction of constantly larger vessels, pricing strategies are 

affected by the fierce competition in the market. Fierce competition in turn forces liner 

shipping companies to be less transparent, as they do not want to share any vital 

information with their competitors. However, based on the research provided above, 

we can conclude that the current trend in the industry is segmenting the market by 

offering differentiated services. 
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2.4  Network Management in liner shipping 
 

In liner shipping, a carrier offers different services to his customers in order to meet 

the demand. A single service usually consists of a number of port calls that can be in 

same or different regions. In most cases, especially in deep-sea shipping, services 

connect ports in different continents. A carrier can offer single-leg or multi-leg 

services. A leg is the direct connection between two ports and as such, one service 

can have multiple legs connecting consecutive ports. In most cases, carriers create 

services that loop after reaching the final port of call in order to visit each port 

frequently (Stopford, 2009).  

For better interpretation, we will present an example of two services (A-C-B and C-E-

D) in Figure 1 below. There are three ports and three legs in each service connecting 

consecutive ports. As with the majority of services, vessels loop and perform round 

trips calling the ports. Once a ship has visited all three ports of a service we refer to it 

as a cycle. The starting point of the first service is port A and of the second service 

port B. We will assume we can operate multiple vessels in each service and schedule 

a weekly port call for each port in both services. 

 

 

It is obvious that we can connect the two services via transshipment. For example, if 

a customer wants to transport a container from A to D, the carrier will have to load in 

the vessel performing the first service and do transshipment at port E in order to load 

the container to the vessel operating the second service. Each booking belongs to a 

cycle and one booking cycle includes all the bookings that can start on one ship cycle. 

On the other hand, we can also have a booking that belong to two cycles, such as a 

booking from port B to port C. In that case, the leg from port A to C will belong in 

another ship cycle compared to the leg from B to A, as a new cycle starts at A. Thus, 

we can safely conclude booking cycles and ship cycles are not identical, as they can 

sometimes overlap. 

In the past, researchers focused on studying RM in single-leg networks. Problems 

with a service between two ports, or multiple ports that are directly connected by one 

service per pair, represent the majority of past studies. As globalization became a 

trend and shipping lines tried calling more ports per service in order to cope with 

increasing supply and demand, we can find quite a few papers that look into multi-leg 

network problems. Furthermore, the existence of numerous small ports in areas 

Figure 1: Two Service Network Example 

Source: Author 
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where the liner services only call a few major ports has also led researches to look 

into the problem of transshipment. Nowadays, there are services that call even more 

than ten ports in one cycle and this is the reason we will mostly consider this network 

structure in our models. 

 

2.5 Capacity allocation in liner shipping 
 

Capacity allocation for bookings received is a crucial factor for revenue generation in 

liner shipping. The FCFS strategy that the majority of liners use at the moment is not 

always beneficial for profit maximization, as it would be wiser to reject a booking in 

the present, for a future one that could generate more profit. Models to overcome that 

issue are presented in other industries such as airlines, hotels and rental cars (Talluri 

& Ryzin, 2004), however implementing them into liner shipping is not easy and 

requires multiple adjustments. The most important factor we have to take into account 

are the capacity restrictions. While liner shipping is generally considered to offer a 

homogenized service, there are a number of different ship sizes with different 

capacities and slots as well as several different container types to fit those slots. On 

top of that, every ship has a deadweight capacity (dwt) which is not only related to the 

number of containers it can take, but also their weight. Moreover, the number of 

special container slots varies from one vessel to another. That can mean the number 

reefer plugs, high cube containers or special container slots (flat racks, open top 

containers etc.). Furthermore, we also have to consider that all those limitations differ 

depending on the origin and destination of the vessel, as the contractual customers’ 

capacity changes depending on the port a vessel calls. Finally, an issue that needs to 

be taken into account is empty container repositioning. Trade imbalances in regions 

around the world such as between Europe and Asia are causing vessels to travel to 

one region loaded with a lot more empty containers than on the return leg. Thus, 

empty containers need to be transported between regions in order to balance the 

container flow worldwide. Based on the above, it is easy to conclude that the capacity 

allocation in liner shipping differs significantly from that of other industries, such as for 

example the one-dimensional capacity allocation of seats in airliner industry. 

In a liner shipping network, carriers are trying to allocate the limited capacity they have 

on their vessels by accepting the bookings that promise the largest potential profit. In 

order to achieve that, they use booking acceptance strategies, which aided by the 

segmentation we analyzed earlier, can increase a carrier’s profit generation. There is 

a plethora of booking acceptance strategies already applied in RM of other industries 

and especially that of airliner industry, but due to the multiple differences, are not 

always applicable in liner shipping. The three most common strategies we can find in 

past researches of RM in liner shipping are Booking Limits (BL), Nested Booking 

Limits (NBL) and Bid Prices (BP) and we are going to analyze them in depth in the 

following sub-sections. 
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2.5.1 Booking Limits 
 

Bookings limits are the most simple booking acceptance strategy in RM. A booking 

limit represents the maximum capacity that can be allocated to a class, after 

segmentation. Usually in liner shipping, classes consist of a network path, a type of 

container and a service segment, as explained in previous sections. Through the use 

of a slot allocation model that determines booking limits, a sales agent can receive 

decision support when a customer asks for a booking. If the bookings belongs in a 

class that has already exceeded the maximum capacity set by the model’s booking 

limit, the booking will get rejected. While the approach is easy to understand, it also 

has a major drawback; bookings limits are fixed. In fact, if a carrier is in a situation 

where his highest profit class capacity is already booked and he receives another 

booking, BL strategy will suggest to reject it. Obviously, a carrier rejecting the highest 

potential profit booking is not a good decision. For that reason, RM companies “nest” 

their inventory in order to protect the most profitable bookings, as explained below. 

 

2.5.2 Nested Booking Limits 
 

Nested booking limits were developed to avoid the situation in which high-fare 

bookings were rejected in favor of low-fare bookings. According to Phillips (2005), the 

concept of NBL is that if one fare class is open for booking then all higher fare classes 

should be open. It works similarly to BL; again we have slot allocation models that 

create booking limits for each class fare except in this case, the higher fare classes 

bookings can be transferred in lower fare classes slots. This means that in a situation 

where a higher class fare booking is made but the capacity of the said class fare is 

fully booked, this booking will be accepted and instead take a slot in one of the lower 

class fare inventory. In that way, potential bookings that generate more profit to a 

carrier are always preferred against less profitable ones.   

 

2.5.3 Bid Pricing 
 

Bid pricing strategy has a slightly different concept than the other two bid acceptance 
methods. However, it is by far the easiest method to implement and it also delivers a 
good revenue performance (Talluri & Ryzin, 2004). The major difference bid pricing 
has with other strategies is that it is revenue based instead of class based when it 
comes to controlling prices. Its principle is based on the function of NBL, which 
suggests the following rule: “Accept a single-seat booking request if its associated 
fare is greater than or equal to the fare in the lowest open class. Otherwise reject it.” 
(Phillips, 2005, p.164) Therefore, for any booking there can be a minimum acceptance 
fare, called the bid price. In this strategy, a slot allocation model sets the bid price for 
a product and a booking is accepted only if the fare exceeds the bid price. BP has the 
advantage of giving the carrier the choice to use bid price as a measure to control his 
sales in order to increase his profit, depending on the given demand. As such, in times 
of scarce capacity a carrier can increase the bid price, in order to have a higher 
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average price and in times where the demand is low he can reduce it to accept more 
bookings and ensure his vessels are fully loaded. In fact, if bid price is updated 
optimally depending on the booking requests, any booking accepted should reflect 
the exact opportunity cost of the customer. However, that is infeasible as bid prices 
should be recalculated every time a new booking or cancellation occurs, especially if 
we consider the volume of transactions. Despite that, BP strategy still represents a 
pretty good estimate of the opportunity cost of the customer and that is what makes it 
such an important concept. 
 
 

2.6 Overbooking in liner shipping 

 

Overbooking is the practice of a seller who sells more units than the constrained 

capacity he has available. The reason this strategy was introduced first in airliner 

industry, was because of the amount of cancellations and no-shows from the 

customers. In fact, Smith et al. (1992) present a report for American Airlines in which 

they state that around 50% of the reservations resulted in either a cancellation or a 

no-show. That situation is very similar in liner shipping, where cancellations and no 

shows are subject to insignificant fees or even none at all. It is easily understandable 

that, unless overbooking is applied, a no-show would equal an empty container slot 

on a vessels, while other customers wanting to book that slot would be left waiting. 

Thus, overbooking is a significant strategy for carriers to remain financially viable.  

Phillips (2005) states that overbooking is applicable in industries that have the 

following characteristics: 

 Capacity is constrained and perishable and bookings are accepted for future 

use 

 Customers are allowed to cancel or not show 

 The cost of denying service to a customer is relatively low 

While the first two characteristics are obviously applicable in liner shipping, the third 

one could be debatable, as the cost can be different for different customers. In 

airliners, a passenger denied service translated into him having a booking for the next 

available flight which, in most cases, took off in a few hours. In liner shipping, denying 

a customer service could mean that his cargo would have to be transported days or 

even weeks later. In particular, denying service to a shipper with urgent cargo, such 

as hi-tech products or perishable products could have a much higher cost than 

denying service to a customer with non-urgent cargo. This is the reason carriers need 

to develop individual policies depending on the risk they are willing to take denying 

customers service and the service level they wish to uphold. 

For overbooking, booking limits are set for each product before any bookings arrive 

and serve as a maximum acceptance level of bookings. Once the booking limit is 

reached, no more bookings are made. A carrier wishing to uphold a high service level 

will choose a lower booking limit but in the case of no-shows might have unused 

vessel capacity. On the other hand, a carrier wishing to use a risk-based policy will 

choose a booking limit much higher than the available capacity and might run into the 

problem of overcompensating those denied service or losing customer trust. The goal 
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of a carrier’s policy is to set the optimal booking limit in order to maximize revenues 

by correctly predicting the amount of shows and no-shows. While overbooking is not 

directly related to price, it is an important part of revenue management because it is 

intertwined with capacity allocation, as overbooking limits give the amount of capacity 

a carrier makes available for booking. 

 

3. Criteria and selection of models from past research on revenue 

management in liner shipping 
 

Having analyzed RM methods background in other industries as well as how they 

function, in this section we will look into findings from previous studies done on the 

implementation of RM in liner shipping and define the criteria with which we will select 

the models to conduct our research as well as analyze why we believe the models we 

select are the most representative in the literature. As mentioned above, Revenue 

Management in liner shipping has not been given as much attention as other 

transportation industries. We can only find a few publications that study Revenue or 

Yield Management in liner shipping and most of them focus on developing a slot 

allocation model in order to create optimal booking limits for a liner carrier. 

Segmentation of the container market is usually done by container type, 

origin/destination route and regarding the customer services offered. 

 

3.1 Literature review on revenue management in liner shipping 
 

The first contribution to the subject can be found as early as 1994, by Maragos, where 

he studies dynamic capacity allocation and pricing models for the liner shipping 

industry (Maragos, 1994). Kadar and Proost (1997) also tried to introduce RM 

methods in the liner shipping industry in order to tackle the fierce competitiveness of 

the carriers. Finally, Brooks (2000) researched on Revenue Management methods 

with and without Conference System in liner shipping. It was in that publication that 

she came to the conclusion that Revenue Management cannot be applied in liner 

Shipping unless the Conference System is removed, and this is also one of the 

reasons that there are few publications on the subject prior to the talks for abolishing 

Conference System which started in 2006 and lasted until the complete removal of 

the system in 2008. 

The last few years, RM has become an upcoming research topic in liner shipping 

industry and as a result, a number of quantitative models for its application have been 

developed. Ting and Tzeng (2004) developed an arc flow model for container slot 

allocation in order to determine the optimal number of containers a carrier must accept 

between two ports and between the most common container types (20’,40’,Reefer 

20’,Reefer 40’). In order to formulate the LSRM model (Liner Shipping Revenue 

Management), they estimate the average freight and variable cost of each port pair, 

the minimum and maximum demand of both empty and loaded containers of each 

port pair but not the inter-port cargo demand. The optimal number of containers, 
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obviously, is subject to the vessels operational capacity. Finally, the model is applied 

to a case study of a liner carrier in Taiwan, and it achieves excellent results compared 

to the past strategies. Demirag and Swann (2007) also attempted to find optimal 

capacity limits for carrier’s sale agents, in order to form a capacity allocation model, 

in a decentralized logistics network. At around the same time, it was Lee et al (2007, 

2009) that first tried to formulate a stochastic dynamic programming model so as to 

solve a single-leg revenue management problem. They separate contractual and spot 

orders and in their approach, a liner is able to differentiate the contractual container 

slots in two ways; urgent cargo and cargo that can be delayed. The results they 

achieve in their two different studies are impressive compared to strategies used at 

that time, improving the outcome by up to 199%. Similarly, Bingzhou (2008) 

developed a stochastic model for dynamic capacity allocation on one leg, taking into 

account multiple container types in order to find the revenue maximizing strategy for 

a carrier. Acciaro (2011) looked into ways to introduce price differentiation in container 

liner industry and came up with a model based on advance booking, in order to 

optimize the trip of a carrier operating one vessel with fixed capacity, from one port to 

another. 

The first multi-leg slot allocation model is presented by Xiangzhi et. al. (2007), where 

they took empty container reposition into account as well as demand uncertainty and 

proposed a novel capacity allocation optimization method. Through the use of case 

studies, it is shown that their method is able to generate better revenue income than 

deterministic linear programming. Feng and Chang (2008, 2009) focus on short-haul 

transportation and in particular intra-Asia, and they formulate an RM slot allocation 

model for multiple ports where the capacity is restricted at the loading port. They take 

into consideration the dimensions of the containers as well as the demand and 

capacity of the ports of call and they separate the containers in three types depending 

on which port they are loaded and which port they are destined to be unloaded at. Lu 

et. al. (2010) also focus on short-haul trip and construct a path flow model in order to 

maximize potential profit per round trip voyage with multiple ports for a liner company. 

They take into account demand, slot, deadweight and reefer capacities as well as 

empty container repositioning restrictions and they come up with a very interesting 

result, that 40 feet containers and reefers have higher contribution than other types of 

containers. Løfstedt et. al. (2008) compare a path flow and an arc flow model in 

revenue management for a liner shipping company, while taking empty container 

repositioning into account. The significant difference with previous researches, is that 

their model also takes the time factor into account, creating a time-space network for 

a liner company. Since the model takes into account multiple commodities, demand 

is estimated for each commodity defined by the origin, destination and demand per 

unit. The results of the algorithm help them conclude that the path flow model, with a 

column generation algorithm, outperforms the arc flow model in all instances. 

While the above researches look into designing slot allocation models, most of them 

do not go deeper into the bid acceptance methods. To our knowledge, the only study 

that looks into the different bidding acceptance strategies, is that of Zurheide and 

Fischer (2011, 2012, and 2015). They design a network slot allocation problem for a 

liner shipping company that considers different path, transshipment and service 

segmentation. The segmentation of the network is created in their initial paper in 2011 

by separating different kind of container types but also urgent and non-urgent 
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containers, which the customer can choose to book depending on the cargo he wants 

to transport. Their additional publications in 2012, present network allocation models 

that determine booking limits (2012b) and nested booking limits (2012a), strategies 

that are very popular in Revenue Management theory. Their last paper in 2015 also 

introduces a bid price strategy, and then compares the three strategies to determine 

the one that is the best performing in different scenarios through the use of simulation. 

The simulation comes up with a variety of results, depending on the criteria and 

scenarios, however the bid price strategy appears to have the highest performance 

in most realistic scenarios.  

 

3.2 Criteria for the selection of revenue management methods 
 

Having presented the existing literature on RM in liner shipping, a very important 

question that has to be answered is defining the criteria with which we select the 

models for comparison. While comparing all the studies conducted on the subject 

would be the best solution, it would not be optimal in terms of time and feasibility. 

Therefore, in order to categorize the models and select the most representative of the 

pool, we have to define the criteria that lead us to choose certain models over others. 

In general, the criteria for a revenue management method to be valuable is to be 

maximizing profits in a realistic situation while at the same time avoid being over 

complex, in order to have the smallest solving time possible. More specific, the criteria 

can be further analyzed depending on the network structure, formulation of the slot 

allocation model and service segmentation, as explained below. 

Firstly, criteria for the categorization of the models can be derived from the network 

structure, as depending on that there can be significant differences between the 

models. As analyzed in the literature review, there are existing models that focus on 

single-leg or multi-leg networks. There are compelling structural differences between 

those models, as a single-leg model optimizes the capacity allocation for containers 

in a single trip with set origin and destination ports, while multi-leg optimizes a liner’s 

network of services with multiple origin and destination ports. Another important 

criterion for separating the models is their formulation. We can find both arc and path 

flow models in existing literature and this is closely related to the network 

management criterion. In particular, Løfstedt, et al. (2008) found that path flow 

formulation outperforms arc flow formulation in optimization problems of today’s 

international liner shipping networks. It is easily understandable, that depending on 

the network size and complexity the formulation of a model can be different which can 

also effect the time required to achieve results from it. Finally, the creation of a short-

sea network or a deep-sea network is another criterion by which we can separate and 

compare the models. Short-haul services tend to have less travel time, lower capacity 

and as a result more loops between port pairs in a network. 

Market segmentation of the respective models can also provide different criteria for 

their comparison. Each container type taken into account makes a model more 

complex but also closer to reality in liner shipping. For example, the existence of reefer 

containers with reefer plugs or open top containers could be ignored in a model for 

reasons of simplicity, but then the model would not provide results that would be easily 
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applicable in a realistic situation. Similarly, further service segmentations adds 

complexity but also are capable of providing extra revenue generation for a carrier. 

As explained in the chapters above, segmenting the services of a liner shipping 

network, such as for example for urgent and non-urgent cargo, can increase 

profitability and market share for a carrier. Furthermore, assumptions made for ports’ 

demand and supply as well as fixed capacity slots on ports and vessels, such as that 

for contractual customers, can serve as criteria for the differentiation of the models. 

Finally, empty container repositioning plays a major role in container slot allocation, 

as empty containers often take up a significant amount of slots on vessels, thus 

limiting the capacity. In fact, estimating trade imbalances between ports is very 

significant for the formulation of a revenue management method and can also be 

taken into account when comparing different models. 

  

3.3 Selection of the models 
 

Having analyzed the criteria for the comparison of different models, the models 

chosen must best represent the existing literature presented above. We have selected 

the following models; the liner shipping revenue management model (LSRM) of Ting 

and Tzeng (2004), the short-sea slot allocation model of Lu et al. (2010) and the four 

level network slot allocation model of Zurheide and Fischer (2015) that also considers 

bidding acceptance strategies. 

The reason we believe those models best represent the revenue management 

method pool is that they combine the majority of the criteria we mentioned in the 

section above.  The LSRM by Ting and Tzeng (2004) is a single-leg arc flow model 

that takes into account empty container repositioning and segments the container 

types into 20’, 40’, Reefer 20’and Reefer 40’, ignoring special type containers as well 

as high cubes while also not taking into account contractual customers and not looking 

into service segmentation. They estimate the freight rates, variable costs, minimum 

and maximum cargo demand between each origin-destination port pair but do not 

take inter-port cargo demand. On the other hand, the path flow multi-leg model of Lu 

et. al (2010) focuses on short-haul transportation, while also taking into account empty 

container repositioning. They split the container types into every possible 

segmentation, namely 20’,40’, Reefer 20’, Reefer 40’, High cubes and special 

purpose containers (open top, flat rack) but do not take into account contractual 

customers and do not look into possible service segmentations. They estimate the 

average contribution and cost per container type and the upper and lower bounds of 

allocated slots in each port-pair. Finally, the path flow four-level network slot allocation 

model of Zurheide and Fischer (2015) also takes into account empty container 

repositioning, except in some parts of their simulation, and segments the containers 

into any possible type by using a parameter for their dimension. In their model, they 

assume contractual customers’ capacity as fixed, due to the lack of access to 

information and also perform service segmentation by separating ship cycles from 

booking cycles so as to offer differentiated services. The estimate the average price 

and cost of transporting a container but also empty repositioning costs and storing or 

leasing containers as, in their model, containers in a port have been stored there from 
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a previous time or are leased when the vessel arrives. Another major difference from 

the other models is that time is taken into consideration, in order to calculate trade 

imbalances between port-pairs as a round trip is being performed. In this case, 

demand is forecasted for each different service segment. At the end, they also look 

into bidding acceptance strategies by modifying their slot allocation model for BL, NBL 

and BP in order to test their performance. 

We believe the diversity of the models we chose represents the variety of the models 

presented in our literature review well enough in order to examine each different 

criterion we set in the above section. In the next sections, we will present the models 

further in order to analyze them in depth and finally we will perform a multi-criteria 

analysis comparison to find out which one is more beneficial. 

 

4. Revenue management models 

 

4.1 Ting and Tzeng (2004) 
 

4.1.1 Network and slot allocation model 

 

In this section, we will present the quantitative slot allocation model formulated by 

Ting and Tzeng (2004). A single voyage trip is represented and there are four 

container types taken into account (20’, 40’, 20’ Reefer and 40’ Reefer). Service 

segmentation is not considered and empty container repositioning is also included in 

the formulation. An example of the network is shown in Figure 2 below. It shows a 

simple Asia-Europe route calling at Shanghai (SHA), Singapore (SIN), Le Havre 

(LEH), Rotterdam (RTM) and Hamburg (HAM) before returning to Shanghai and 

starting over. The authors formulated a model that allocates vessel capacity (slots) to 

every origin to destination port pair efficiently in order to maximize marginal 

contribution. Their model focuses on the slot allocation problem voyage by voyage.  

Average freight rates and variable costs have to be estimated for each port pair but 

the inter-port cargo demand is not taken into consideration. Finally, highest and lowest 

demand of each container type and empty container imbalances have to be 

forecasted based on historical data. Following, having explained the network, we will 

explain the decision variables, indexes and parameters of the slot allocation model. 
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 The following indices are presented in the model: 

𝑖 = 𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑝𝑜𝑟𝑡, 𝑖 = 1,2, … , 𝑚  

𝑗 = 𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑝𝑜𝑟𝑡, 𝑗 = 1,2, … , 𝑛  

𝑘 = 𝐼𝑛𝑑𝑒𝑥 𝑜𝑓𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 𝑡𝑦𝑝𝑒 𝑤ℎ𝑒𝑟𝑒 𝑘 = 1 𝑓𝑜𝑟 20′, 𝑘 = 2 𝑓𝑜𝑟 20′𝑅𝑒𝑒𝑓𝑒𝑟, 𝑘 =

3 𝑓𝑜𝑟 40′, 𝑘 = 4 𝑓𝑜𝑟 40′𝑅𝑒𝑒𝑓𝑒𝑟  

𝑓 = 𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝑠𝑙𝑜𝑡𝑠 𝑓𝑜𝑟 𝑙𝑜𝑎𝑑𝑒𝑑 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠  

𝑒 = 𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝑠𝑙𝑜𝑡𝑠 𝑓𝑜𝑟 𝑒𝑚𝑝𝑡𝑦 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠  

 

 The following decision variables are presented in the model: 

𝑥𝑖𝑗𝑘
𝑓

: Number of loaded containers of type k shipped from port i to port j. 

𝑥𝑖𝑗𝑘
𝑒 : Number of empty containers of type k shipped from port i to port j. 

 

 The following parameters are presented in the model: 

𝑀𝐶𝑖𝑗𝑘: Marginal contribution of each container of type k delivered from port i to port j. 

𝑀𝐶𝑖𝑗𝑘 =  𝐹𝑅𝑖𝑗𝑘 − 𝑉𝐶𝑖𝑗𝑘  (𝟏) 

𝐹𝑅𝑖𝑗𝑘: Freight revenue of each container type k delivered from port i to port j. 

𝑉𝐶𝑖𝑗𝑘: Variable costs of each container type k delivered from port i to port j. Those 

include truck, feeder, railway, handling, terminal, stowage, commission, tally and 

cargo claim costs. 

Figure 2: Service Network 

 

Source: Author 
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𝐸𝐶𝑖𝑗𝑘: Repositioning costs of each container type k delivered from port i to port j. 

Those include inland transport, feeder, handling and holding costs. 

𝐼𝐹𝑖𝑗𝑘: Imbalance factors of type-k container flow from port i to port j. 

𝐼𝐹𝑖𝑗𝑘 = {
(𝐹𝑖𝑗𝑘 − 𝐹𝑗𝑖𝑘)/𝐹𝑖𝑗𝑘    𝑖𝑓 𝐹𝑖𝑗𝑘 > 𝐹𝑗𝑖𝑘

0   𝑖𝑓 𝐹𝑖𝑗𝑘 ≤ 𝐹𝑗𝑖𝑘
 (𝟐) 

𝐹𝑖𝑗𝑘: The type-k container flow from port i to port j during a period of time. 

𝐶𝑃: The operational capacity of the vessel in TEU. 

𝐷𝑊: Deadweight tonnage of the vessel in tons. 

𝑊𝑖𝑗𝑘
𝑓

: The average total weight in tons of each loaded container of type k delivered 

from port i to port j. 

𝑊𝑘
𝑒: The tare weight of each empty container of type k. 

𝑅𝐹: The maximum amount of reefer plugs in a vessel. 

𝐹𝐸: The maximum amount of 40’ containers able to be loaded in a vessel. 

𝐷𝑖𝑗𝑘
𝐿 : The minimum contracted k-type container slot number from the agent at port I to 

port j. 

𝐷𝑖𝑗𝑘
𝑈 : The maximum contracted k-type container slot number from the agent at port I 

to port j. 

𝐶𝐼𝑗𝑘: The repositioning demand of containers of type k to be supplied to port j. 

Having analyzed all the indices, parameters and decision variables below we will 

present the slot allocation model, whose purpose is to maximize the freight 

contribution of the whole voyage. 

𝑀𝑎𝑥𝑍 =  ∑ ∑ ∑(

4

𝑘=1

𝑛

𝑗=1

𝑚

𝑖=1

𝑀𝐶𝑖𝑗𝑘 − 𝐼𝐹𝑖𝑗𝑘𝐸𝐶𝑖𝑗𝑘)𝑥𝑖𝑗𝑘
𝑓

− 𝐸𝐶𝑖𝑗𝑘𝑥𝑖𝑗𝑘
𝑒   (𝟑) 

 

∑ ∑ ∑(

4

𝑘=1

𝑛

𝑗=1

𝑚

𝑖=1

𝑥𝑖𝑗𝑘
𝑓

+ 𝑥𝑖𝑗𝑘
𝑒 ) + 2 ∗ ∑ ∑ ∑(

4

𝑘=3

𝑛

𝑗=1

𝑚

𝑖=1

𝑥𝑖𝑗𝑘
𝑓

+ 𝑥𝑖𝑗𝑘
𝑒 ) ≤ 𝐶𝑃 (𝟒) 

∑ ∑ ∑(

4

𝑘=1

𝑛

𝑗=1

𝑚

𝑖=1

𝑊𝑖𝑗𝑘
𝑓

𝑥𝑖𝑗𝑘
𝑓

+ 𝑊𝑘
𝑒𝑥𝑖𝑗𝑘

𝑒 ) ≤ 𝐷𝑊 (𝟓) 

∑ ∑ ∑ 𝑥𝑖𝑗𝑘
𝑓

 

𝑘=2,4

𝑛

𝑗=1

𝑚

𝑖=1

≤ 𝑅𝐹 (𝟔) 
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∑ ∑ ∑ (𝑥𝑖𝑗𝑘
𝑓

+ 𝑥𝑖𝑗𝑘
𝑒 )

 

𝑘=3,4

𝑛

𝑗=1

𝑚

𝑖=1

≤ 𝐹𝐸 (𝟕) 

𝑥𝑖𝑗𝑘
𝑓

≥ 𝐷𝑖𝑗𝑘
𝐿  ∀𝑖, 𝑗, 𝑘(𝟖) 

 

𝑥𝑖𝑗𝑘
𝑓

≤ 𝐷𝑖𝑗𝑘
𝑈  ∀𝑖, 𝑗, 𝑘 (𝟗) 

∑ 𝑥𝑖𝑗𝑘
𝑓

≥

𝑚

𝑖=1

𝐶𝐼𝑗𝑘  ∀𝑖, 𝑗, 𝑘 (𝟏𝟎) 

 

𝑥𝑖𝑗𝑘
𝑓

≥ 0 (𝟏𝟏) 

𝑥𝑖𝑗𝑘
𝑒 ≥ 0 (𝟏𝟐) 

 

With the objective function (3) the freight contribution is maximized by subtracting the 

repositioning cost of loaded and empty containers from the total marginal contribution 

of all container types. Constraints (4) and (5) are the capacity restrictions. Constraint 

(4) explains that the slots for both empty and loaded containers cannot exceed the 

operational capacity of the vessel and constraint (5) that the weight of both empty and 

loaded containers cannot exceed the deadweight capacity of the vessel. 

Constraints (6) and (7) are vessel specification constraints, the first restricting more 

reefer containers than there are reefer slots available on a vessel and the second 

restricting  empty and loaded 40’ or 40’ reefer containers exceeding the maximum 

designed capacity for 40’ containers on a vessel. 

Equations (8), (9) and (10) are demand constraints. Constraint (8) and (9) set the slots 

allocated to each origin-destination leg between the interval of lower and upper bound 

of demand for those ports. Represented as equation (10), the total slots for empty 

containers cannot exceed the repositioning demand of containers of type k that must 

be supplied to port j. 

Finally, constraints (11) and (12) are the integrality restriction on the decision 

variables. Obviously, the amount of empty and loaded containers cannot be negative. 

 

4.1.2 Simulation results 
 

In order to examine how their model fares against the booking strategies at the time, 

the authors perform a case study based on a liner company in Taiwan that operates 

eight vessel on a service route calling eleven ports so as to be able to offer weekly 

service for each one of those ports. They assume vessels of identical capacity of 

3,350 TEU, 36,510 dwt that are equipped with 200 reefer plugs and 1,135 40’ 
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maximum container slots. The average variable costs, the average freight costs as 

well as container and repositioning demand are imported from databases and the 

results of the model are extracted using optimization software. Furthermore, to make 

things simpler for container liner agents and operators, they simplify the model into a 

Microsoft Excel file so it can be easily utilized. 

Despite most RM models aiming for maximization of revenue, in this case the authors 

also focus on marginal contribution because of the high variable costs of liner 

shipping. For the comparison of the results, past lifting and revenue data are used 

and they find that the average revenue and marginal contribution generated by the 

model is significantly greater than the past average revenue and contribution. 

Moreover, results show that even with the higher contribution, the load factor remains 

at approximately 93%, simply because the deadweight utilization is almost 100%. In 

fact, it is suggested that the operators who choose to use this model should 

continuously monitor space usage and adjust allocation accordingly, as the parameter 

of weight of loaded containers appears to be very sensitive when the deadweight limit 

of a vessel is not enough to load all containers, thus allocating less slots to load heavy 

containers to fulfill the demand. It is for that reason that the authors conclude that the 

marketing strategy of a carrier should revolve around attracting lower weight cargo 

demand as that will assist the goal of fully utilizing capacity and having high 

contribution at the same time. 

 

4.2 Lu et. al (2010)  
 

4.2.1 Network and slot allocation model 

 

In this section, a model by Lu et. al (2010) is presented. In their model containers of 

all types and dimensions are taken into account as well as empty container 

repositioning. The path-flow model is formulated in a multi-leg network with rotated 

services on a fixed, circular port rotation. As the primary focus is short-haul 

transportation within a region, a shipping company prefers to arrange the path with 

the shortest travel time and this means that containers of multiple categories that are 

on board of the vessel may come from various port pairs and the slot allocation must 

maintain the relationships between sailing legs and port pairs, as the sailing legs have 

fixed capacity. An example network is shown in Figure 3 below, where a round trip 

voyage of five calls with 4 ports is demonstrated as well as the relationship between 

sailing legs that are demonstrated by the arrows, and the port pairs. In the network, 

twelve port pairs are included as well as five sailing legs and the rotation is 1-2-3-4-

2-1.  

The average price/contribution and variable cost per container have to be estimated 

as well as lower and upper demand of containers between each port pair. While there 

is empty container repositioning in the model, there is no forecasting or estimation of 

trade imbalance between the areas, which means that the model assumes there is 

empty containers constantly available in all ports of the network. Following, the 

indexes, decision variables and parameters of the model will be explained. 
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 The following indices are presented in the model: 

𝐸: 𝑆𝑒𝑡 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑖𝑛𝑑𝑖𝑐𝑒𝑠 𝑓𝑜𝑟 𝑒𝑚𝑝𝑡𝑦 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠.  

𝐻: 𝑆𝑒𝑡 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑖𝑛𝑑𝑖𝑐𝑒𝑠 𝑓𝑜𝑟 𝑙𝑎𝑑𝑒𝑛 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠.  

𝑅: 𝑆𝑒𝑡 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑖𝑛𝑑𝑖𝑐𝑒𝑠 𝑓𝑜𝑟 𝑙𝑎𝑑𝑒𝑛 𝑟𝑒𝑒𝑓𝑒𝑟 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠.  

𝐴𝑘: 𝑆𝑒𝑡 𝑜𝑓 𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑜𝑟𝑖𝑔𝑖𝑛 𝑓𝑜𝑟 𝑒𝑚𝑝𝑡𝑦 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑘, 𝑘 ∈ 𝐸  

𝐿𝑘: 𝑆𝑒𝑡 𝑜𝑓 𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑒𝑚𝑝𝑡𝑦 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑘, 𝑘 ∈ 𝐸  

 

 The following decision variables are presented in the model: 

𝑥𝑜𝑑
𝑘 : Number of allocated slots for k-type containers delivered from port o to port d. 

 

 The following parameters are presented in the model: 

Figure 5: Example short-sea network with sailing legs and port pairs 

Source: Author 

 

Figure 4: Example short-sea network with sailing legs and 
port pairsSource: Author 
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𝑝𝑜𝑑
𝑘 : Estimated average price or contribution per container of type k delivered from 

port o to port d. 

𝑐𝑜𝑑
𝑘 : Estimated average variable cost per container of type k delivered from port o to 

port d. 

𝑎𝑜𝑑
𝑠 : A parameter that to represent if the container delivery passage of port pair (o,d) 

passes leg s. 1 if that is true, 0 otherwise. 

𝑡𝑘: Capacities occupied in TEU per container of category k. 

𝑤𝑜𝑑
𝑘 : Average weight in tons per container of type k delivered from port o to port d. 

𝑙𝑜𝑑
𝑘 : Lower bound of carried containers of type k delivered from port o to port d. 

𝑢𝑜𝑑
𝑘 : Upper bound of carried containers of type k delivered from port o to port d. 

𝑛𝑜
𝑘: Maximum number of empty containers of type k that can be repositioned from port 

o. 

𝑚𝑑
𝑘: Maximum number of empty containers of type k that can be repositioned to port 

d. 

𝑈: Capacity of the vessels in TEU. 

𝑍: Number of reefer plugs on board of the vessel. 

𝐷𝑊𝑇𝑠: Deadweight capacity in tons on leg s. It may be decreased depending on draft 

limitations in different ports. 

Having analyzed all the indices, parameters and decision variables below we will 

present the slot allocation model, whose purpose is to maximize profits per round trip 

voyage. 

𝑀𝑎𝑥 ∑ ∑ (𝑝𝑜𝑑
𝑘 − 𝑐𝑜𝑑

𝑘 )𝑥𝑜𝑑
𝑘

(𝑜,𝑑)

 

𝑘

 (𝟏) 

∑ ∑ 𝑎𝑜𝑑
𝑠 𝑡𝑘𝑥𝑜𝑑

𝑘 ≤

(𝑜,𝑑)

 

𝑘∈𝐻

𝑈  ∀𝑠  (𝟐) 

∑ ∑ 𝑎𝑜𝑑
𝑠 𝑤𝑜𝑑

𝑘 𝑥𝑜𝑑
𝑘 ≤

(𝑜,𝑑)

 

𝑘∈𝐻

𝐷𝑊𝑇𝑠  ∀𝑠  (𝟑) 

∑ ∑ 𝑎𝑜𝑑
𝑠 𝑥𝑜𝑑

𝑘 ≤

(𝑜,𝑑)

 

𝑘∈𝑅

𝑍  ∀𝑠  (𝟒) 

𝑙𝑜𝑑
𝑘 ≤ 𝑥𝑜𝑑

𝑘 ≤ 𝑢𝑜𝑑
𝑘  ∀(𝑜, 𝑑), 𝑘 ∈ 𝐻 (𝟓) 

 

∑ 𝑥𝑜𝑑
𝑘 ≤ 𝑛𝑜

𝑘  ∀𝑘 ∈ 𝐸, 𝑜 ∈ 𝐴𝑘(𝟔)

𝑑∈𝐿𝑘
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∑ 𝑥𝑜𝑑
𝑘 ≤ 𝑚𝑑

𝑘  ∀𝑘 ∈ 𝐸, 𝑜 ∈ 𝐿𝑘  (𝟕)

𝑜∈𝐴𝑘

 

𝑥𝑜𝑑
𝑘 ≥ 0  𝑎𝑛𝑑 𝑖𝑛𝑡𝑒𝑔𝑒𝑟 ∀(𝑜, 𝑑), 𝑘 (𝟖) 

 

With the objective function (1) the profit is maximized by subtracting the variable costs 

of transporting both empty and loaded containers from the average price/contribution 

per unit of all types of containers. Constraints (2) and (3) are the capacity constraints, 

(2) limiting the amount of loaded containers of all type to the maximum TEU capacity 

of the vessels and (3) limiting the weight of the containers to the maximum deadweight 

capacity of the vessel on each sailing leg. Similarly, equation (4) is a constraint for the 

reefer containers, making sure that the amount of reefers do not exceed the number 

of plugs available on board. 

Constraint (5) indicates that the loaded containers have to be between the lower and 

upper bounds of allocated slots for laden containers. Equations (6) and (7) deal with 

empty containers. Constraint (6) indicates that empty containers transported out of 

port o cannot exceed the maximum amount that can be repositioned from it while 

constraint (7) ensures empty containers transported in port d cannot exceed the 

maximum amount that can be repositioned to it. Finally, constraint (8) ensures 

nonnegative and integer variables. 

 

4.2.2 Simulation results 
 

For the examination of the model in realistic situation they study its application on a 

short sea service of JTC that serves 12 ports, namely Tokyo, Yokohama, Nagoya, 

Osaka, Kobe, Oita, Keelung, Kaohsiung, Hong Kong, Laem Chabang, Bangkok, and 

Taichung. Between those ports exist 16 sailing legs and the service is performed in a 

loop. They assume four vessels of identical size and capacity of 1100 TEU, 15400 

tons deadweight capacity and 100 reefer plugs. Because of the existence of a plethora 

of special container types along with the usual sizes, they obtain the weight of each 

category of containers from the liner company. Furthermore, as prices and costs are 

confidential, they are estimated using older public data. In fact, assumptions are also 

made for the cost contents, based on suggestions of JTC, such as 50% less cost for 

empty container compared to loaded and empty reefer containers costing the same 

amount as empty dry containers. Finally, demand per port pair is estimated based on 

the predictions of the carrier. 

In order to see how their slot allocation fares, they test it against the original slot 

allocation plan of the shipping company. As the price is confidential, they are not able 

to extract any profit differences from the company’s plan, but it is noted that higher 

utilization rate and more detailed allocation is achieved. Specifically, they find that 

categories such as reefer (20’ and 40’) containers and 40’ containers reach very close 

to their upper bounds of demand while others, such as 20’ dry containers do not. 

Primarily, this happens because of the higher unit profit of those categories that lead 
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to the model to try to achieve maximum allocation for those types of containers. To 

prove that point, an increase in 20’ dry container price is tested and the results show 

that in that case, the allocated slots for that type of container will greatly increase. 

Besides unit profit contribution, another factor that influences how the different 

categories of containers are allocated are the operational constraints from the 

different rotated services. Finally, the authors find that contribution of empty 

containers is a lot less significant than that of laden containers, but not so much that 

it can be neglected entirely. 

 

4.3 Zurheide and Fischer (2015) 
 

4.3.1 Network and slot allocation model 
 

The quantitative model we present is a modified version of that presented in Zurheide 

and Fischer (2015) and it takes into account container type and priority service 

segmentation while the network is structured in such a way to allow transshipment as 

well as the existence of ship and booking cycles. Different services are included along 

with the vessels deployed on them and the legs’ capacity restriction are taken into 

account for each ship cycle. Depending on the booking cycles, there are different 

service paths and series of those service paths create global paths in the liner 

shipping network. Finally, ports are considered in different time seasons, presenting 

different supply and demand in order to deal with empty container repositioning.  

Three different modification of the model are presented after the slot allocation model, 

representing the three bidding acceptance strategies we are comparing, namely BL, 

NBL and BP. The model represents a liner shipping company’s network and its goal 

is to provide booking limits, nested booking limits and the minimum bid price 

respectively for each container type and service segmentation on the global paths, 

depending on the strategy we want to apply. It is very important to note, that the 

authors consider contractual customers a fixed capacity constraint and thus, only spot 

market customers are considered variable. 

It is a path flow formulation model, as in a similar situation, Løfstedt et. al. (2008) 

found that it outperforms the arc flow formulation model, and create a network 

structure that consists of four levels. On the first level, we have the different origin and 

destination ports 𝑜, 𝑑 ∈ 𝑂𝐷, where 𝑂𝐷 is the total set of ports. A port is also defined 

𝑝𝑡  ∈ 𝑃𝑡 where it is time indexed by 𝑡 ∈ 𝑇, where 𝑇 is the set of all the time seasons. 

The ports are specified by a time index in order to be able to examine the supply and 

demand of empty containers at different seasons. The legs, which consist of an origin 

(o) and destination (d) port are defined in the second level. For each leg, there is a 

combination of a vessel and a service 𝑣 ∈ 𝑉𝑆, where 𝑉𝑆 are all the vessel/service 

combinations available. In addition, each leg is also indexed by a cycle 𝑖 ∈ 𝑆𝐶𝑣, where 

𝑆𝐶𝑣 are the available sets of ship cycles of a certain vessel/service combination 𝑣. In 

the third level, the service paths 𝑠𝑝 ∈ 𝑆𝑃𝑣 are defined, where 𝑆𝑃𝑣 includes all the 

service paths for the combination of a vessel service 𝑣. A service path is created by 

sequencing the legs of a service and in addition to 𝑣, it is also specified by a booking 



 

 28 

cycle 𝑏 ∈ 𝐵𝐶𝑣, 𝐵𝐶𝑣 being all the sets of booking cycles of the vessel/service 

combination 𝑣. As we analyzed above, a booking cycle consists of all the bookings 

on the service path that can start on a specific ship cycle. Finally, at the fourth level 

global paths 𝑔 ∈ 𝐺𝑃 are introduced, where 𝐺𝑃 is the set of all possible global paths, 

as well as two indices; service segment 𝑠 ∈  𝑆𝑆, 𝑆𝑆 being all the possible service 

segments and container type 𝑐 ∈ 𝐶𝑇, with 𝐶𝑇 being the set of different available 

container types. We further analyze the structure of the four level network in Figure 2 

above, displaying an example network. After explaining the network, in the following, 

we will define the decision variables and the parameters in order to present the model. 

The goal of the model is to determine how many containers slots on each segment 

and each service should be provided so as a carrier can maximize profit and it is 

based on a demand forecast. For the demand forecast and for variables such as 

freight rates and container weights average values are used based on historical data. 

 

 The following decision variables are presented in the slot allocation model: 

Source: Author 

Figure 6: Four Level Network Example 
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𝑥𝑔𝑠𝑐
𝐹  : Number of slots for full (F) containers on a global path (g) in a certain service 

segment (s) for a container type (c). 

𝑥𝑔𝑐
𝐸  : Number of slots for empty (E) containers on a global path (g) for a container type 

(c). 

𝑥𝑠𝑐𝑠𝑝𝑣𝑏

𝐹 : Number of slots for full (F) containers of a container type (c) in a service 

segment (s) on a certain service path (𝑠𝑝𝑣𝑏
). 

𝑥𝑐𝑠𝑝𝑣𝑏

𝐸 : Number of slots for empty (E) containers of a container type (c) on a certain 

service path (𝑠𝑝𝑣𝑏
). 

𝑥𝑐𝑝𝑡
𝐿 : Number of leased containers (L) of a container type (c) in a port (p) at a particular 

time (t) 

𝑥𝑐𝑝𝑡
𝑆 : Number of stored containers (S) of a container type (c) in a port (p) at a particular 

time (t) 

 The following parameters are presented in the slot allocation model: 

𝐶𝐴𝑃(𝑜,𝑑)𝑣𝑖
: Available capacity of the leg (𝑜, 𝑑)𝑣𝑖

 in TEU. 

𝐷𝑊(𝑜,𝑑)𝑣𝑖
: Deadweight of the leg (𝑜, 𝑑)𝑣𝑖

 in tons. 

𝑅𝑃(𝑜,𝑑)𝑣𝑖
 : Number of reefer plugs available in the leg (𝑜, 𝑑)𝑣𝑖

. 

𝑊𝑐𝑠𝑝𝑣𝑏

𝐹 : Average weight of a full container (F) of a type (c) on a certain service path 

(𝑠𝑝𝑣𝑏
) 

𝑊𝑐
𝐸: Average weight of an empty container (E) of type c. 

𝐷𝑐: Dimension of a container of type c. 

𝑈𝑠𝑐𝑔: Forecasted demand in service segment s of container type c on global path g. 

𝑃𝑠𝑐𝑔: Average price for a container type c in service segment s on global path g. 

𝐶𝑐𝑔
𝐹 : Average cost of transporting a full container (F) of type c on global path g. 

𝐶𝑐𝑔
𝐸 : Average cost of transporting an empty container (E) of type c on global path g. 

𝐶𝑐𝑝
𝑆 : Average cost of storing a container type c in port p. 

𝐶𝑐𝑝
𝐿 : Average cost of leasing a container type c in port p. 

𝑀𝑠𝑜𝑣𝑖
 : Maximum number of containers in a service segment s that can be loaded at 

port o ∈ OD. 

𝑆𝑇𝑐𝑝0
: Stored containers of type t in the first period in port q. 

𝑌(𝑜,𝑑)𝑣𝑖
𝑠𝑝𝑣𝑏

𝐵 {
1 𝑖𝑓 𝑙𝑒𝑔 (𝑜, 𝑑)𝑣𝑖

∈ 𝐿𝑣  𝑖𝑠 𝑢𝑠𝑒𝑑 𝑏𝑦 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑡ℎ 𝑠𝑝𝑣𝑏
∈ 𝑆𝑃  

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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𝑌(𝑜,𝑑)𝑣𝑖
𝑠𝑝𝑣𝑏

𝐵𝑆𝑡 {
1 𝑖𝑓 𝑙𝑒𝑔 (𝑜, 𝑑)𝑣𝑖

∈ 𝐿𝑣  𝑖𝑠 𝑡ℎ𝑒 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑡ℎ 𝑠𝑝𝑣𝑏
∈ 𝑆𝑃  

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

𝑌𝑝𝑡𝑠𝑝𝑣𝑏

𝑄𝑆𝑡
{
1 𝑖𝑓 𝑝𝑜𝑟𝑡 𝑝𝑡 ∈ 𝑃𝑡  𝑖𝑠 𝑡ℎ𝑒 𝑠𝑡𝑎𝑟𝑡 𝑝𝑜𝑟𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑡ℎ 𝑠𝑝𝑣𝑏

∈ 𝑆𝑃  

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

𝑌𝑝𝑡𝑠𝑝𝑣𝑏

𝑄𝐸𝑛
{
1 𝑖𝑓 𝑝𝑜𝑟𝑡 𝑝𝑡 ∈ 𝑃𝑡  𝑖𝑠 𝑡ℎ𝑒 𝑒𝑛𝑑 𝑝𝑜𝑟𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑡ℎ 𝑠𝑝𝑣𝑏

∈ 𝑆𝑃  

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

𝑌𝑠𝑝𝑣𝑏
𝑔

𝐺 {
1 𝑖𝑓 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑡ℎ 𝑠𝑝𝑣𝑏

∈ 𝑆𝑃 𝑖𝑠 𝑝𝑎𝑟𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑙𝑜𝑏𝑎𝑙 𝑝𝑎𝑡ℎ 𝑔 ∈ 𝐺𝑃 

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

 

The purpose of the slot allocation model we present below is to find the slots that 

should be allocated to different container types on different service segments. The 

initial model determines the booking limits and afterwards we also present 

modifications of the model in order to give nested booking limits and the bid price. 

𝑚𝑎𝑥 ∑ ∑ ∑ (𝑃𝑠𝑐𝑔 −

𝑔∈𝐺𝑃𝑐∈𝐶𝑇𝑠∈𝑆𝑆

𝐶𝑐𝑔
𝐹 ) 𝑥𝑔𝑠𝑐

𝐹 − ∑ ∑ 𝐶𝑐𝑔
𝐸

𝑔∈𝐺𝑃𝑐∈𝐶𝑇

𝑥𝑔𝑐
𝐸 −  ∑ ∑ 𝐶𝑐𝑝

𝐿

𝑝𝑡∈𝑃𝑡𝑐∈𝐶𝑇

𝑥𝑐𝑝𝑡
𝐿

−  ∑ ∑ 𝐶𝑐𝑝 
𝑆 𝑥𝑐𝑝𝑡

𝑆

𝑝𝑡∈𝑃𝑡𝑐∈𝐶𝑇

  (𝟏) 

 

∑ 𝐷𝑐 ∑ 𝑌(𝑜,𝑑)𝑣𝑖
𝑠𝑝𝑣𝑏

𝐵 ( ∑ 𝑥𝑠𝑐𝑠𝑝𝑣𝑏

𝐹 +
s∈SS𝑠𝑝𝑣𝑏

∈𝑆𝑃𝑣𝑐 ∈𝐶𝑇

𝑥𝑐𝑠𝑝𝑣𝑏

𝐸 ) ≤ 𝐶𝐴𝑃(𝑜,𝑑)𝑣𝑖
 (𝟐) 

∀(𝑜, 𝑑)𝑣𝑖
 ∈ 𝐿𝑣  𝑤𝑖𝑡ℎ 𝑣 ∈ 𝑉𝑆 𝑎𝑛𝑑 𝑖 ∈ 𝑆𝐶𝑣 

∑ ∑ 𝑌(𝑜,𝑑)𝑣𝑖
𝑠𝑝𝑣𝑏

𝐵 (

𝑠𝑝𝑣𝑏
∈𝑆𝑃𝑣𝑐 ∈𝐶𝑇

𝑊𝑐𝑠𝑝𝑣𝑏

𝐹 ∑ 𝑥𝑠𝑐𝑠𝑝𝑣𝑏

𝐹 + 𝑊𝑐
𝐸𝑥𝑐𝑠𝑝𝑣𝑏

𝐸 ) ≤
s∈SS

𝐷𝑊(𝑜,𝑑)𝑣𝑖
 (𝟑) 

∀(𝑜, 𝑑)𝑣𝑖
 ∈ 𝐿𝑣  𝑤𝑖𝑡ℎ 𝑣 ∈ 𝑉𝑆 𝑎𝑛𝑑 𝑖 ∈ 𝑆𝐶𝑣 

∑ ∑ 𝑌(𝑜,𝑑)𝑣𝑖
𝑠𝑝𝑣𝑏

𝐵

𝑠𝑝𝑣𝑏
∈𝑆𝑃𝑣𝑐 ∈𝐶𝑇𝑅

∑ 𝑥𝑠𝑐𝑠𝑝𝑣𝑏

𝐹 ≤
s∈SS

 𝑅𝑃(𝑜,𝑑)𝑣𝑖
 (𝟒) 

∀(𝑜, 𝑑)𝑣𝑖
 ∈ 𝐿𝑣  𝑤𝑖𝑡ℎ 𝑣 ∈ 𝑉𝑆 𝑎𝑛𝑑 𝑖 ∈ 𝑆𝐶𝑣 

 

 

∑ ∑ 𝑌(𝑜,𝑑)𝑣𝑖
𝑠𝑝𝑣𝑏

𝐵𝑆𝑡 𝑥𝑠𝑐𝑠𝑝𝑣𝑏

𝐹 ≤
𝑠𝑝𝑣𝑏

∈𝑆𝑃𝑣𝑐 ∈𝐶𝑇

𝑀𝑠𝑜𝑣𝑖
 (𝟓) 
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∀𝑠 ∈ 𝑆𝑆, ∀(𝑜, 𝑑)𝑣𝑖
 ∈ 𝐿𝑣  𝑤𝑖𝑡ℎ 𝑣 ∈ 𝑉𝑆 𝑎𝑛𝑑 𝑖 ∈ 𝑆𝐶𝑣 

 

∑ 𝑌𝑝𝑡𝑠𝑝𝑣𝑏

𝑄𝐸𝑛
(𝑥𝑐𝑠𝑝𝑣𝑏

𝐸 + ∑ 𝑥𝑠𝑐𝑠𝑝𝑣𝑏

𝐹 ) + 𝑥𝑐𝑝𝑡
𝐿 + 𝑥𝑐𝑝𝑡−1

𝑆

s∈SS𝑠𝑝𝑣𝑏
∈𝑆𝑃𝑣

=  ∑ 𝑌(𝑜,𝑑)𝑣𝑖
𝑠𝑝𝑣𝑏

𝑄𝑆𝑡 (𝑥𝑐𝑠𝑝𝑣𝑏

𝐸 + ∑ 𝑥𝑠𝑐𝑠𝑝𝑣𝑏

𝐹 ) + 𝑥𝑐𝑝𝑡
𝑆  (𝟔)

s∈SS𝑠𝑝𝑣𝑏
∈𝑆𝑃𝑣

 

∀𝑐 ∈ 𝐶𝑇, ∀pt ∈ Pt 𝑤𝑖𝑡ℎ 𝑡 ∈ 𝑇 

 

𝑥𝑐𝑝0
𝑆 = 𝑆𝑇𝑐𝑝0

 ∀𝑐 ∈ 𝐶𝑇, ∀p
0

∈ P0 (𝟕) 

 

𝑥𝑔𝑠𝑐
𝐹 ≤ 𝑈𝑠𝑐𝑔 ∀𝑠 ∈ 𝑆𝑆, ∀𝑐 ∈ 𝐶𝑇, ∀𝑔 ∈ 𝐺𝑃 (𝟖) 

∑ 𝑌𝑠𝑝𝑣𝑏
𝑔

𝐺 𝑥𝑔𝑠𝑐
𝐹 =

g∈GP

𝑥𝑠𝑐𝑠𝑝𝑣𝑏

𝐹  ∀𝑠 ∈ 𝑆𝑆, ∀𝑐 ∈ 𝐶𝑇, ∀𝑔 ∈ 𝐺𝑃, ∀𝑠𝑝𝑣𝑏
∈ 𝑆𝑃𝑣 𝑤𝑖𝑡ℎ 𝑣 ∈ 𝑉𝑆 𝑎𝑛𝑑 𝑏

∈ 𝐵𝐶𝑣  (𝟗) 

∑ 𝑌𝑠𝑝𝑣𝑏
𝑔

𝐺 𝑥𝑔𝑐
𝐸 =

g∈GP

𝑥𝑐𝑠𝑝𝑣𝑏

𝐸  ∀𝑐 ∈ 𝐶𝑇, ∀𝑔 ∈ 𝐺𝑃, ∀𝑠𝑝𝑣𝑏
∈ 𝑆𝑃𝑣 𝑤𝑖𝑡ℎ 𝑣 ∈ 𝑉𝑆 𝑎𝑛𝑑 𝑏 ∈ 𝐵𝐶𝑣  (𝟏𝟎) 

𝑥𝑔𝑠𝑐
𝐹 ≥ 0 ∀𝑠 ∈ 𝑆𝑆, ∀𝑐 ∈ 𝐶𝑇, ∀𝑔 ∈ 𝐺𝑃 (𝟏𝟏) 

𝑥𝑔𝑐
𝐸 ≥ 0 ∀𝑐 ∈ 𝐶𝑇, ∀𝑔 ∈ 𝐺𝑃 (𝟏𝟐) 

𝑥𝑠𝑐𝑠𝑝𝑣𝑏

𝐹 ≥ 0  ∀𝑠 ∈ 𝑆𝑆, ∀𝑐 ∈ 𝐶𝑇, ∀𝑠𝑝𝑣𝑏
∈ 𝑆𝑃𝑣 𝑤𝑖𝑡ℎ 𝑣 ∈ 𝑉𝑆 𝑎𝑛𝑑 𝑏 ∈ 𝐵𝐶𝑣 (𝟏𝟑)  

𝑥𝑐𝑠𝑝𝑣𝑏

𝐸 ≥ 0 ∀𝑐 ∈ 𝐶𝑇, ∀𝑠𝑝
𝑣𝑏

∈ 𝑆𝑃𝑣 𝑤𝑖𝑡ℎ 𝑣 ∈ 𝑉𝑆 𝑎𝑛𝑑 𝑏 ∈ 𝐵𝐶𝑣 (𝟏𝟒) 

𝑥𝑐𝑝𝑡
𝐿 ≥ 0 ∀𝑐 ∈ 𝐶𝑇, ∀p

t
∈ Pt 𝑤𝑖𝑡ℎ 𝑡 ∈ 𝑇 (𝟏𝟓) 

𝑥𝑐𝑝𝑡
𝑆 ≥ 0 ∀𝑐 ∈ 𝐶𝑇, ∀p

t
∈ Pt 𝑤𝑖𝑡ℎ 𝑡 ∈ 𝑇 (𝟏𝟔) 

 

With the objective function (1), the average profit is maximized by multiplying the 

number of containers with the average price per container and subtracting the cost of 

their transportation as well as subtracting the cost of empty containers transportation 

and leasing or storing containers in a global path. Constraints (2) and (3) are capacity 

constraints that make sure the amount of containers does not exceed the available 

capacity of a leg and the total weight of containers does not exceed the deadweight 

of a leg, respectively. For (2) the parameter Dc is used for the container dimensions, 

as different container types have different sizes. Similarly, for (3) the parameters 

𝑊𝑐𝑠𝑝𝑣𝑏

𝐹  and 𝑊𝑐
𝐸 are used to determine the weight of full and empty container 

correspondingly. Constraint (4) is also a capacity constraint and it verifies that the 
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reefer containers in leg do not exceed the available reefer plugs. It is assumed that 

all reefer container types (CTR) use 1 reefer plug. Moreover, constraint (5) ensures 

the maximum number of containers in each service segment at the port of departure 

is not exceeded. That way, if for example a carrier has arranged for a number of 

priority containers to be loaded at a certain port, that number could alter the limit of 

containers able to be loaded in that port.  

Equations (6) and (7) perform empty container repositioning for our slot allocation 

model by establishing equal input and output from each port. As containers can be 

transported either as empty or full, constraint (6) ensures that containers that can 

either be stored from a previous time in a port or be leased are equal to the number 

of containers that can be transported to another port as empty or full or be stored until 

the next time period. Constraint (7) makes sure containers stored at each port in the 

first time period have a certain set value. 

Constraints (8), (9) and (10) connect service paths with global paths. Firstly, constraint 

(8) ensures the upper limit of the forecasted demand is not exceeded by the total 

number of slots in a global path. Equations (9) and (10) secure that the slots allocated 

in a certain service segment on a global path has to be exactly equal to the slots 

available in that path, for full and empty containers respectively. 

Finally, constraints (11) to (16) represent non-negativity constraints. Obviously, the 

amount of slots available in global paths or service paths for both full and empty 

containers and the amount of leased or stored containers in ports must be equal or 

greater than zero and can never be negative. 

 

4.3.2 Booking limit strategy slot allocation 
 

As explained earlier, for the booking limits strategy each class has to have fixed limit 

on capacity allocation. Thus, every type of container or service segment has fixed 

capacity that cannot be accessed by others. Of course, this poses the disadvantage 

of missing on potentially more profitable bookings, despite there being available 

capacity on other classes. However, it is still a strategy of significant importance to 

RM (Talluri & Ryzin, 2004). 

BL strategy can be easily applied with this model as the results of the decision variable 

that are provided from the model can directly be used for that purpose. Thus, by 

solving the model we can come with a profit maximizing number for containers of 

different types and in different service segments that we can use as booking limits for 

each class. Those booking limits need to be updated constantly, depending on 

changes in the availability of capacity as bookings are accepted and also depending 

on demand changes after large periods of time. In order to achieve that, the model 

has to be solved repeatedly. The results of the strategy will be shown in the sections 

below where they will also be compared to the results of other booking acceptance 

strategies. 
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4.3.3 Nested booking limit strategy slot allocation 
 

For the modification of this model to achieve nested booking limit strategy, more 

valuable booking classes must be able to access the capacity of less valuable ones. 

In order to achieve that, the classes have to be brought into order based on the 

average profit they provide to the carrier.  This is not easy to do in liner shipping, as 

the amount of possible combination of the different classes (service segments, 

container types and sizes) makes bringing them into order challenging. Therefore, a 

special nested booking limit algorithm has to be developed to determine the possible 

slot allocations for the different booking classes within a global path. 

The authors analyze the formulation of the algorithm in depth in Zurheide and Fischer 

(2012a). In brief, the legs affected are checked to find out if there is available capacity. 

Obviously, if there is none, the booking is rejected. If there is capacity available, the 

algorithm first checks for the specific booking class available capacity and if there is 

space, the booking is accepted. If there is no availability on the specific class, the 

algorithm checks for other possible allocations and lists them. Booking classes that 

have less potential profit from a slot than the booking under consideration and have 

available space, are added to that list. Then, the algorithm creates a second list to 

find leftover capacity from previous bookings due to size differences of containers. Of 

course, the capacity available in those lists has to be larger than the capacity required 

for the booking under consideration in order for it to be accepted. Once the booking 

is accepted, the algorithm proceeds to check first the remaining capacity in the 

specific booking class, then the leftover capacity from previous allocations and finally 

selects the most profitable of the possible allocations to other classes. Similarly to BL, 

NBL algorithm also needs to be updated constantly depending on changes in the 

availability of capacity as bookings are made. Again, this can be achieved by solving 

the model repeatedly. 

 

4.3.4 Bid-pricing strategy slot allocation 
 

For the BP strategy, the model needs to deliver a minimum bid-price which will serve 

as the lowest acceptance fare for capacity slot. In fact, Talluri and Ryzin (2004) state 

that BP can be interpreted as marginal cost for the next unit of capacity. In a linear 

model, in order to determine BPs, the shadow prices of the capacity restrictions can 

be used. Particularly for a network, Bertsimas and Popescu (2003) report that the BP 

can be estimated by summing the individual BPs for the required capacity. In our case, 

this means that there is a BP for each leg-based capacity and that for global paths, 

the BP is the sum of all BPs for the legs in that particular global path. 

Therefore, based on the model we presented, the BP can be estimated based on the 

shadow prices of each capacity type. Since there are three possible capacity 

dimensions (slots, weight and reefer plug for reefer containers), the shadow prices 

(SP) of all legs (y) in the booking’s global path (GL) for all capacity restrictions must 

be used to calculate the booking’s BP (BP). Furthermore, since a booking can include 

several containers of a certain type, the number of containers (N), the dimension (DI) 
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of the container type and the weight of the booking (W) have to be taken into account. 

Thus, BPs can be defined as follows: 

𝐵𝑃𝐷𝑟𝑦 = ∑ 𝑆𝑃𝑦
𝑠𝑙 ∗ 𝑁 ∗ 𝐷𝐼 +

𝑦∈𝐺𝐿

∑ 𝑆𝑃𝑦
𝑤𝑒

𝑦∈𝐺𝐿

∗ 𝑊 (𝟏𝟕) 

 

𝐵𝑃𝑅𝑒𝑒 = ∑ 𝑆𝑃𝑦
𝑠𝑙 ∗ 𝑁 ∗ 𝐷𝐼 +

𝑦∈𝐺𝐿

∑ 𝑆𝑃𝑦
𝑤𝑒

𝑦∈𝐺𝐿

∗ 𝑊 + ∑ 𝑆𝑃𝑦
𝑟𝑒

𝑦∈𝐺𝐿

∗ 𝑁 (𝟏𝟖) 

These equations show how BPs for dry and reefer containers are calculated. Using 

the bid price, a booking can be accepted if its expected profit exceeds the bid price 

and denied otherwise. Ideally, BPs should be recalculated after each booking made, 

but the size of a large network model would require excessive time thus making it 

infeasible. Therefore, BPs are updated after a predefined number of bookings or 

period of time and this is achieved by repeatedly solving the model. 

 

4.3.5 Simulation results 
 

In order to compare the results of each of those modifications of the model, as well 

as how they compare against the FCFS strategy that is mostly used by container 

liners, the authors conduct a simulation. They use a case study of 3 services and 19 

ports that reflects a realistic service operated by Hapag-Lloyd on the Asia-Europe 

trade route. Even though the capacity of each leg in the network can be set 

individually, a capacity of 2,500 TEU is assumed for each leg with 35,000 dwt and 

250 reefer plugs, for reasons of simplicity. They consider most container types and 

segment the services into three; “standard” which is the normal container service, 

“flex” which has a possibility of flexible rebooking with an extra charge of 100$ and 

“express” which includes priority loading on the next ship available for an extra cost 

of 250$. 

Four different forecasting methods are used, namely historical average, moving 

average, exponential smoothing and “perfect” forecast, and tested with and without 

empty container repositioning to examine their differences. In fact, the authors decide 

not to take empty container repositioning into account for the main parts of their 

simulation, mainly because the BP strategy seems to underperform in that situation. 

The main reason for that is that the BPs model optimizes booking acceptance 

decisions and empty container decisions separately and thus an additional mixed 

integer programming model would be required to be solved in order to optimize empty 

container repositioning. In those simulations, BP strategy appears to outperform all 

other strategies in both utilization rate and profit, even when set in different case 

studies such as a Maersk network and a network from CKYH Lines and Evergreen 

Lines. NBL strategy is the second best performer, while the FCFS seems to 

outperform BL strategy in most scenarios and settings. Therefore, the authors 

conclude that when the demand is high NBL and BP strategies should be a preferred 
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alternative to the FCFS strategy currently being used by liners and that a good 

forecasting quality is crucial for the application of RM strategies. 

 

5. Multi-criteria analysis 
 

In this chapter, the comparison of the RM models analyzed above will be presented. 

Such a task is not a straightforward, as there is no single output to base the 

comparison on. According to the simulation results, all three RM models analyzed 

earlier seem to achieve higher profits than slot allocation strategies that were used at 

the time each research was conducted. While all of those models focus on maximizing 

profit and contribution, each one is formulated through the use of different sets of 

parameters and assumptions, thus the results of a simple comparison of the models’ 

outcomes, such as profit, would be trivial. In order to overcome that difficulty, a 

technique that can provide much more valuable results is multi-criteria analysis, as it 

will allow us to analyze in depth which one of those models is more beneficial in 

different situations, based on the criteria we presented in the above chapters. 

Multi-criteria analysis describes a structured approach that helps find solutions to 

complex problems featuring high uncertainty, conflicting objectives as well as different 

sets of data, parameters and information (Cristóbal & Ramón, 2012). It is best 

applicable in cases when a single criterion approach, such as cost-benefit analysis, 

falls short. Having defined the criteria in section 3.2, it is also required to define their 

importance in a comparison. In multi-criteria analysis, this can be achieved by ranking 

them depending on the effect they have. However, in order to avoid using arbitrary 

weights on the numerous criteria, it would require the use of approaches that are 

beyond the scope of this research, such as interviews with experts or models that 

measure the relevant metrics of the criteria. As a result, we will assume that all the 

criteria analyzed above have identical weight and are therefore equally important for 

a revenue management model to be beneficial. 

 

5.1 Network structure 
 

The first criteria we noted in section 3.2, is the use of multi-leg or single-leg networks. 

The model of Ting and Tzeng (2004) uses a single-leg network while in the other two 

models, multi-leg networks are used. While optimizing slot allocation on a single origin 

and destination port of a network is useful, as the single-leg network does, it is much 

more valuable to perform the same action on the total network as the total network’s 

demand and supply is what drives the cargo volumes and not the relationship between 

two individual ports in the chain. For example, the cargo demand of a port in a shipping 

network can be significantly affected by its position, depending on which ports are 

called before or after it. At the same time, separating the optimization problem into 

smaller ones, by optimizing each leg by itself, could be useful in some cases, such as 

hub and feeder networks used in shipping, where many ports are connected with only 

one or a few voyage legs (Mulder & Dekker, 2016). In brief, slot optimizing for a single-
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leg network is simpler and can provide useful results in certain cases but in reality 

where shipping liners build global networks with multiple legs and services, slot 

allocation on a multi-leg network can produce more valuable results. Furthermore, the 

complexity of a shipping network is very important for the formulation of the model as 

well. In the literature review, we presented a number of models using arc-flow 

formulation in most of the single-leg network optimization problems, such as that of 

Ting and Tzeng (2004). In the case of a multi-leg network structure however, not only 

is path flow formulation outperforming arc flow formulation but Løfstedt, et al. (2008) 

state that the current network sizes of international liner shipping companies means 

that path flow appears to be the only solution, within reasonable time. Thus, while arc 

flow formulation might be a consideration for single-leg network models, path flow 

formulation appears to outperform it in the case of multi-leg network both in terms of 

solving time and validity of outcomes. On the other hand, a very important note to 

take into consideration is how the network structure is translated into the complexity 

of the model. In fact, even if path flow formulation seems to be the best option in terms 

of solving time, the model of Zurheide and Fischer (2015) also uses a four-level 

network which deems it complicated by nature, as it requires almost double the 

amount of decision variables, parameters and constraints of other models. If we add 

to that the existence of practically three different slot allocation models in their 

research, the particular RM model becomes harder to use for those responsible to 

apply it in a shipping company but also increase the solving time, despite the little 

amount of information given by the authors on time required. As a matter of fact, the 

authors in one of their papers (2012b), when analyzing the model’s formulation argue 

that removing the service path level, effectively reducing the levels of the network, 

would reduce decision variables and constraints but would make the existing ones 

more complicated. At the same time, the model of Ting and Tzeng (2004) can be 

simplified enough to fit into an excel file, making its use very simple for shipping 

companies. Finally, the last criterion in terms of network structure is its purpose, 

meaning if it is created for short-haul or deep-sea transportation. The model of Lu et. 

al (2010) mostly focuses on short-haul, as they assume smaller vessels, small travel 

times and continuous circular flows. As expected, this is more beneficial for feeder 

companies but not of much use to shipping companies that focus on global networks 

and services. 

Summarizing, as far as network structure is considered, the model of Ting and Tzeng 

(2004) appears to be the simplest and easiest model to use, however it falls short in 

its realistic application in a global network. The model of Lu et al. (2010) appears to 

represent a realistic network, however it is mostly focused on short-haul transportation 

which makes it useful in certain situations and not so useful in others. Finally, Zurheide 

and Fischer (2015) appear to formulate a very accurate and realistic global network, 

but the model’s and simulation’s complexity could possibly be problematic for its 

application. 
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5.2 Market segmentation 
 

More criteria for the comparison of the models can be found if we consider how each 

model segments the container liner market. Again, this is a matter of model simplicity 

against how easily a model can be applied in reality. In addition, segmenting the 

market further can also provide additional revenue generating services. Firstly, the 

slot allocation model of Ting and Tzeng (2004) only takes the four most common 

container types into account, namely 20 and 40 foot dry and reefer container types. 

While this gives the authors the ability to add a simple index k = 1,2,3,4 that defines 

the container type, making the simulation very efficient, there are many more 

container types in the shipping market that they do not take into account and thus the 

model cannot allocate the capacity properly in a realistic situation. There are 

numerous examples of types of containers such as High-cube, hard-top, open-top, 

flatracks or even tank containers that the model fails to take into consideration if there 

is demand by the shippers. On the other hand, the other two models chosen, take into 

account all container types by adding parameters for the different container types. Lu 

et. al (2010) place a capacity parameter tk that sets the capacity of each container 

type in TEU and Zurheide and Fischer (2015) place a dimension parameter Dc that 

sets dimensions of each container type. This approach reflects reality better, however, 

despite most container types being almost standardized, there are still a lot of types 

that can come in different dimensions and sizes, thus making their models more 

complex and harder to use. At the same time, adding more segmentation both in 

terms of available capacity for special container types but more importantly 

segmenting your services such as in the model of Zurheide and Fischer (2015) by 

adding urgent and non-urgent services, creates more revenue generation capabilities 

by being able to capture more market demand. The other two models that do not take 

service segmentation into account seem to be lacking in that regard. In this case also, 

the matter of simplicity in the application of a model has to be taken into consideration. 

Another criterion for the comparison of the models is the assumptions taken by the 

authors. While the first two models do not take contractual customers into 

consideration, Zurheide and Fischer (2015) do, considering a fixed amount of capacity 

already booked and thus not available for the spot market. This assumption creates 

a better representation of the market, as in fact contractual customers usually take up 

significant capacity on board of vessels. Estimating or assuming higher and lower 

demand scenarios between services and ports as well as prices and costs of 

container types is also an important factor in the comparison of the models. In Ting 

and Tzeng (2004), demand and prices as well as costs are estimated based on 

historical data, but inter-port cargo demand is not taken into consideration. Lu et. al 

(2010) take suggestions from the company that they study in their case study in order 

to find costs of each container type, however since prices and contribution are 

confidential, they had to assume them based on older data publicly available. It is for 

that reason that they provide no results in their simulation in terms of profit, but only 

in terms of utilization and allocation rate. Zurheide and Fischer (2015) on the other 

hand, study demand forecasting in depth and they come up with different results 

based on different forecasting methods. Prices and costs are also estimated based 

on historical data. Finally, the last important criterion to consider is empty container 

repositioning. While all three models seem to be taking it into consideration, different 
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methods are used. The first two models estimate the empty container repositioning 

demand between ports, however they both do not take into consideration the 

availability of empty containers in ports, as they do not estimate the intra-port demand. 

Zurheide and Fischer (2015) assume in their model that containers used in 

transportation can either be stored from a previous time or leased the moment they 

are needed for transportation. However, while their approach seems to be the most 

promising, they do not take empty container repositioning into consideration in the 

simulation because one of the bidding acceptance strategies they chose is not 

modeled to solve empty container repositioning efficiently. 

Summarizing, considering market segmentation and assumptions taken, Lu et. al 

(2010) and Ting and Tzeng (2004) seem to be lacking compared to Zurheide and 

Fischer (2015). The latter model includes all container types and presents service 

segmentations, takes into consideration contractual customers and studies results 

with different demand forecasting methods to examine the model’s performance in 

each of them. The downsides are that while it presents empty container repositioning, 

it is not taken into account in the simulation and also the complexity of the model 

which includes a lot more constraints and variables as every parameter has been 

studied in depth. 

 

6. Results and conclusions 

 

In this work, revenue management models are presented, analyzed and compared. 

Most of the models in the literature attempt to deal with optimizing slot allocation and 

they all appear to have a significant impact on revenue generation and utilization rate 

compared to the current strategies liner companies employ. To the author’s 

knowledge, there has not been any research that focuses on comparing the different 

RM methods in liner shipping over the years. The goal of this paper is to compare 

revenue management models by examining how easily they can be applied in real 

world liner shipping and which ones perform better than others in particular situations.  

For the comparison of the models, we set a number of criteria that allow us to select 

the three most representative models out of the current available literature, and 

compare them using multi-criteria analysis. Besides the outcomes of the models, that 

can be hard to compare due to the difference in parameters and assumptions, in 

general, we compare the models based on the level of difficulty they pose for those 

that are responsible for using them, their complexity but also on how accurately they 

represent a realistic liner shipping market. 

The results of the multi-criteria analysis differ per criterion set, but all models appear 

to be useful for specific situations. The model of Ting and Tzeng (2004) is definitely 

the simplest and easiest to use model out of the three, this being particularly evident 

as it can be modified to fit in an excel worksheet. However, focusing on a single-leg 

voyage trips in a liner shipping network and ignoring all but four container types as 

well as service segmentation, represents a situation that cannot be easily found in 

modern liner shipping. While examining slot allocation separately in each leg of a 

multi-leg voyage could be useful in certain situations, in most cases there is significant 
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interrelation in slot allocation between the various voyage legs on a liner shipping 

network and a multi-leg approach would be preferred. Lu et al. (2010) construct a 

multi-leg slot allocation model that is not very complicated in its formulation and 

appears to represent a realistic situation in short-haul shipping where circular flows 

are constant and travel times are small. However, they also do not take into 

consideration service segmentation and their empty container repositioning seems to 

be lacking, as they consider constant availability of empty containers when required. 

Furthermore, their lack of data in terms of pricing and costs cause their simulation to 

present no results in term of revenue generation but only in utilization rate. Finally, 

Zurheide and Fischer (2015) construct arguably the most accurate multi-leg model in 

terms of representing reality. All container types are included, contractual customers 

are taken into account, service segmentation provides extra revenue generation, 

empty container repositioning is formulated with the assumption that empty container 

can be stored in a port from before or leased at the time they are needed, demand 

forecasting is examined thoroughly and they even examine three different bidding 

acceptance strategies. On the other hand, the four-level network creates a problem 

of model complexity, as is evident by the presence of practically twice as many 

decision variables and parameters as other models. Finally, in the simulation they do 

not use empty container repositioning as the bidding acceptance strategy of bid-

pricing does not allocate slots efficiently with slot allocation. 

Having briefly explained how the models fare against each other, it would be useful 

to see where each one of those would be best applicable. The model of Ting and 

Tzeng (2004) would be best fitting for a liner shipping company offering single voyage 

trips or servicing multiple ports with one few voyage legs, such as in a hub and feeder 

network and the model application would be easy enough to accomplish even for the 

smallest companies in such a market. As Lu et al. (2010) focus on short-haul 

transportation, the model would be best fitting for feedering or short-sea services 

within a country or continent, where there are no significant trade imbalances between 

the ports of call so empty container repositioning does not become a problem. Finally, 

the model of Zurheide and Fischer (2015) should be used by the companies that 

employ the largest deep-sea networks, calling multiple ports in different countries and 

continents and offering a variety of services and voyages while the specific revenue 

management departments of those companies should be able to handle its complexity 

and application into their pricing strategies. 

In future research, more sophisticated comparison methods for revenue management 

models should be investigated. Developing metric systems or conducting field expert 

interviews in order to find the weight of criteria to be compared could provide much 

more specific results in terms of the utility of the revenue management currently 

developed. Finally, simulation comparison could also be accomplished by 

homogenizing the different assumptions and parameters of the models in the 

literature in order to come up with quantitative outcomes so as to show which model 

performs the best. 
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