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Abstract: Forming strategic alliances, known as coopetition game, offers operational flexibility and
collaborative relationships, where usually carriers cooperate to reduce operational costs. This paper presents
a mathematical expression of the coopetition strategy in the LNG transportation segment. Furthermore, in
this study, the coopetition game represents game-theoretic mathematical framework for LNG shipping
structure in order to better understand motivations when forming an alliance; how do participating companies
organize their business models, at which level do they cooperate and what is an incentive for competition,
and finally to comprehend strategic decision-making processes when participating in an alliance.

The novelty of this paper is a game theory usage in the LNG market industry for profit maximization. In
order to set conceptual model, we define mixed-integer nonlinear problem with iterative heuristics approach.
Also, the constraints related to LNG transportation industry for conceptual model framework of coopetition
game are presented and elaborated.
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1. Introduction

In recent years, we can witness large expansion of the world’s LNG fleet, mainly due to the positive
forecast of LNG market development. In order to prepare for the market growth, ship owners invested in new
LNG tonnage early, making the current market congested with available cargo space. Regardless, many ship
owners continue to invest in expansion projects to be ready for the chartering opportunities that lie ahead. Even
though we do not witness major formation of alliances in the LNG sector, it is evident that the market is taking
similar formation as of the container shipping market; therefore, once the capacity turns into overcapacity,
carriers will be forced to reduce cost and to service their customers in a different way. Forming strategic
alliances offers operational flexibility and collaborative relationships, where usually carriers cooperate to build
scale and reduce operational costs. Furthermore, strategic alliances also compete to optimize their profits. Such
a strategic alliance is commonly known as coopetition game. Many authors have extensively researched the
topic of coopetition in the last decade, however to the best of our knowledge, there is limited number of work
related to coopetition in the LNG sector. Authors recently focused mostly on liner shipping and strategic
alliances within the container-shipping sector. In order to analyze a coopetition problem, the fundamentals and
concept model representation for LNG transportation industry is presented. Therefore, our intention is to apply,
at a conceptual level, the fundamentals and concept model representation in order to better understand
motivations when forming an alliance, e.g., how do participating companies organize their business models, at
which level do they cooperate and what is an incentive for competition.

2. Literature Review

Even though forming of alliances was not a common occurrence within the LNG transportation industry,
the number of available vessels on the market increased to form significant mass that will warrant change,
especially taking in consideration smaller shipping companies that have to find competitive advantages. This
chapter will cover literature overview of strategic alliances, competition, cooperation and coopetition, followed
by game-theoretic frameworks within the discipline. There is limited work available that considers LNG
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transportation market; therefore following overview is mainly considering liner shipping. Concluding remarks
deliver highlights of the previous research and portray opportunities for further development. Intuitively, many
authors consider liner shipping industry to be an oligopolistic market. Even though there was a lack of consensus
among some of the authors (see further Peters, 1991; Hoffman, 1998), Sys (2009) used empirical methods to
present rational evidence of oligopoly. While LNG shipping market was not within the scope of Sys’ research,
we can safely consider this market to be oligopolistic, taking in consideration industry’s recent concentration
levels. Examining the available literature, we can notice that the shipping competition has been thoroughly
covered by several authors. Namely, Casaca, Ana, and Marlow (2005) investigated various service parameters
within shipping operations that influenced competitiveness. Noteworthy mixed-integer programming approach
was developed by Gelareh, Nickel, and Pisinger (2010) who investigated competition between novice line
shippers and existing operators. Wang, Meng, and Zhang (2014) observed new container shipping market and
proposed three game-theoretical models analyzing competition between couple of carriers. Unlike the LNG
transportation industry, recent years deliver a number of studies focused on cooperation among liner shippers,
formation of strategic alliances, which factors drive success and how is the strength of strategic alliances
measured. More broadly, Slack, Comtois and Robert (2002) studied impact of strategic alliances on the
development of container shipping market. Applying cooperative game theory framework to liner shipping
alliances was studied by Song and Panayides (2002), which delivered better understanding of functional
decision-making. Selecting an alliance partner is challenging task with many non-deterministic factorings for
which Ding and Liang (2005) developed fuzzy multiple criteria decision-making model. Chang, Lee, and
Tongzon (2008) developed an interesting study about slot exchange allocation where partnering carriers exploit
surplus of cargo capacity. We can already see similar behavior in the LNG industry (“Qatargas and Rasgas
complete first cooloading”, 2017). Agarwal and Ergun (2010) completed extensive study of network design and
integration by utilizing mathematical programming and game theory in order to achieve optimal collaboration
of carriers in strategic alliances. Panayides and Weidmer (2011) completed overview of large strategic alliances
in order to verify stability of alliances. Seashipt Oyster System was the company that coined the term
Coopetition for the first time in 1913 representing the idea of cooperative competition (Cherington, 1976).
Furthermore, first comprehensive overview of coopetition arguing that real sector consists of collaboration and
competition mix is delivered. Most of the recent studies focus on finding optimized coopetitive equilibria in
product supply chains, but rarely we can see intermodality or multimodality taken into consideration. Within
the recent focus of coopetition, ports take a significant weight, starting with Heaver et al. (2000) who delivered
study about cooperation agreements that influenced shipping market structures. Also, Song (2003) focused on
coopetition of Chinese seaports. The research is based on coopetition among ports with a complex
interconnected relations that include both competition and cooperation. Gurnani et al. (2007) studied incentives
for investment of coopetition partners and how did product pricing affect the partnership. Intermodal and
multimodal freight transportation is commonly described as coopetitive, because partners often compete on
tariffs but cooperate when using available cargo space to forward freights as required. Based on the work listed
above, it is apparent that cooperation did get a fair consideration among authors; however, most of the authors
focused on port operations, or on liner shipping. Furthermore, coopetitive game theory is strongly influenced
by research from De Ngo and Okura (2008), as well as Lin and Huang (2017). Both studies examined
mathematics of the coopetition game; however, focus of De Ngo and Okura was on coopetitive relationship
between semi-public and a private firm, while Lin and Huang delivered more generic and simplified overview
of the coopetition game among private carriers without necessary constraints that would allow for practical use
of the model. Liu et al. (2015) considered coopetition in the intermodal segment of the container shipping
covering extensive mathematical modeling and game matrix that covered possibilities of cooperating and
competing on two levels; investment and price decisions, concluding that cooperating at investment stage and
competing at price decision stage is unique Nash equilibrium. In this study we will, therefore, consider scenario
of cooperation at investment stage and competition at price decision stage. Also, we will deliver notation, basic
assumptions and introduce a mathematical model of a single carrier that will be used to solve iterative heuristic
coopetition problem.

3. Coopetitive game fundamentals and concept model representation

With the assumption that total demand on the LNG shipping market depends on the level of cooperation
between two shippers (can be extended to higher number of carriers), we design profit-maximizing formulation
in the two-stage game. Considering that the game is static, in the first stage both shippers chose their cooperative
level to increase total market size, and in the second stage they chose competitive level to increase their market
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shares. In order to ensure practicality, we introduce constraints formulated down below for the concept model
representation. For the set of carriers 4 and B with the set of users’ Origin Destination - OD pairs, the demand
function q4py may be written as:

qup) =qatqp t+¢& (D

qs = Qs,od(iﬁd + QSmewgsmnew x5 + 65, )

xA+xB

where Q%°¢ represents the market demand for carrier s € S and OD pair od € OD with S representing
a set of carriers (in this example, carrier 4 and carrier B); (f,;"d is a factor that denotes if the selected path P €
¥ connects od for carrier s. fl;"d = 1 when the selected path is connecting od, while { fl;"d = 0 otherwise;
Q°™¥ represents induced market demand that is a result from cooperation of carriers s, and is dependent on
various market factors, and cooperation levels; {*™¢" is a factor that denotes if the virtual path (as a result of
induced demand) is used. {*™" = 1 when used, {*"®" = 0 otherwise; x° is the competitive effort level of
carriers s (in this example, itis x? and x?) and it represents investments in competitiveness, such is marketing.
Increasing x° leads to increased profits for a carrier s € S. The ratio x°/(x? + xB) is concave in x¥ while
the overall market demand function is linear in y* which stands for cooperative effort level for carrier s. Thus,
in order to guarantee the existence of the optimal x* and y®, we assume that the cost functions of x° and of
y* are, respectively, linear and quadratic (De Ngo and Okura, 2008); & represents error on demand. 6° is an
administrative surplus that contains political, social, and technological components, which can have significant
impact on competitiveness of an LNG shipping company. If a carrier does not have any administrative
competitive advantage, the value of 8° will be set to 0. Generally, the carrier s profit function can be defined

as:
Ry = (P° = C)Q — kzx® — k3 (y*)?, 3

where R stands for carriers s profit function; P* is the transport price and C* is the variable cost for
carrier s. Furthermore, @ is a total market demand; k3 is the competitive level unit cost and kj is the
cooperative level unit cost for carrier s. As stated before, y* stands for cooperative effort level and x° stands
for competitive effort level for carrier s. As noted in De Ngo and Okura (2008), Lin and Huang (2013) and Lin
et al. (2017), y° measures relative efforts carrier made to cooperate with other carriers and can, for example,
represent all the additional costs incurred by employing staff to communicate with other carriers in order to
establish cooperation. Increase in y* leads to decrease of average cost and increase of the total market size.
Considering carriers s € S; we have following expression for their respective profit functions:

RS = Qs,od(PIZ _ CIZ) + Qs,neW(Ps,new _ Cs,neW) _ k;xs _ k;(ys)z. (4)

In order to adapt profit functions to a game theoretic model, we deliver profit maximization formulation
for a single LNG shipping carrier with a list of applicable constraints for the model:

N

MaxR® = Qs,od(S,Od (Ps _ Cs) + Qs,newzs,neW(Ps,new _ Cs,neW) X + 05
- P ' Y XA + xB (5)
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PS 2 CS 2 0‘ (6)
x°=20,y°=20 VsEe€S, (7
Tpews §2Vsed = Q% v od € 0D, )

where V5°¢ represents the volume for carrier s € S between OD pair od € OD. Furthermore,
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where pg is a factor used to convert cooperation/competition level into induced demand for company s.
Also,

Tpews Soacon G 00t Vert < U5, vijel, (10)

where Sfpo; =1 if arc ij € I is part of the selected path P € ¥* that connects od € OD for LNG
shipping carrier s, otherwise 6;,"; =0; ﬂfj represents upper volume bound for LNG shipper on related arc

ij € I. The last set of constraints for the model are:

gsnew > gsnew s () (11
¢t e {01} Vs € S,0d € 0D, € ¥S, (12)
¢onew € {0,1} VsES, (13)

ky =fO®)  VsES, (14)

P; = fi(qeam) Vi) EPS,s€ES, (15)
P = fo(qum)  VSES (16)
C;=f:(dup) VYPEWSsES, (17)
™ = f,(qum) VSES. (18)

The constraint (6) infers that price is higher than cost and that it must have a positive value, which is
logical. In order for our model to be feasible, cooperation and competition levels should be positive, which is
described with the constraint (7). The constraint (8) is designed to ensure that demand between each OD pair
can be serviced with the available capacity. Unlike the general and container shipping, where custom is to
ensure volume is related to one shipment (carrier cannot split shippers’ volume), in bulk and LNG transport
cargo can be split into several shipping volumes. There is also possibility to leave part of the available volume
empty. Good example is recent shipment made by Qatargas and Rasgas where one vessel was used for two
different buyers and ports (Qatargas and Rasgas complete first cooloading, 2017). Constraint (9) states that the
induced demand is a result of cooperation level. In other words, we can estimate how much one dollar spent on
the cooperation level increases induced demand. Constraint (10) is related to the flow network of the graph
theory and stipulates that the amount of flow on each arc cannot exceed its capacity. Constraint (11) is related
to induced demand and states that virtual path exists only when the induced demand is positive. With constraints
(12) — (13) we specify that selected path and new market demand path are binary variables. Constraint (14)
specifies that the cost of cooperation is the extent of cooperation itself. In other words, higher cooperation level
requires higher cooperation cost. Finally, constraints (15 — 18) assume that initial and induced prices and costs
are functions of the market demand. In our example, we have LNG shipper 4 and LNG shipper B with already
existing customers they serve. The approach to solution is through iterative heuristics. For example, the
company A solves equations (5) — (18) and gets profit maximizing cooperation and competition levels. This
will result in new market price and cost that can induce new demand, after which LNG shipping companies of
the market service new demand and share profits depending on the competition efforts invested. Based on the
information from the company 4, company B solves for equations (5) — (18) and gets its own best cooperation
and competition levels. Considering the additional change at the market, the company 4 again solves equations
(5)—(18) in order to take in consideration results from the company B adjusting its cooperative and competitive
strategies. This process continues until no company can benefit from changing its’ strategy.

In order to prove that our coopetition game contains unique solution and that both carriers will use same
strategy when reaching equilibrium; therefore, we are searching for unique pure strategy Nash equilibrium
where all players have incentive to choose cooperation at the first stage and then competition at the second
stage, given all the constraints of the model and perfect information. To derive this coopetition game, we use
backward induction method adapted from McCain’s (2010) work on analysis of strategy. Backward induction
is commonly used in game theoretic models, and it requires us to think forward and reason backward. In this
case, backward induction requires deriving equilibrium in the second stage on the basis of the first stage even
though the first stage was not yet played. After completing this step, we proceed with deriving the first stage
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with the data resulting from the second stage derivation. We continue with the second-stage derivations below.
Given the appropriate x°, s € S, we have first order conditions:

RA xB

— NAnew 7Anew Anew __ rAnew _ LA _
ooa = Qrremganer(p c )—(xA+xB)z ki =0, (19)
L B,new 7B,new ( pB,new B,new x4 B
ooF = QUrewgenen(pEnew — ¢% )m—kx=0- (20)

We can, therefore, define the cost of increasing the competitive efforts for each of the carriers:

Qs,new (s,new (Ps,new _ Cs,neW)

kx4 = kBxB = 3 2D
Considering the above, we can deliver the equilibrium competitive effort levels as:
s,new 7s,new Ps,new _ Cs,new
x4 =xB= LA Sl ). (22)

4ks

Following the competitive efforts equilibrium levels, we further investigate competitive and cooperative
efforts relationship. Using equation (22) we calculate following derivatives:

(A.n€W<PA,neW(1+#)_CA.71€W(1+#))

oxf _ oxP (23)
ayA  ayA T 4k3 ’

B,new 1 1
9B ~ o { (PB,new(l+F)_C3,new(1+ﬁ)) (24)
ayB ~ ayB ks ’

where m® represents the market share of carrier s € S. This value is determined by each carrier’s competitive
level. It is calculated by the ratio x5/(x4 + xB ). When numerator of the equations (23) or (24) is < 0, the
competitive level will decrease as the cooperative level increases, so we can assume that x° and y* are
substitutes. However, when numerator of the equations (23) or (24) is > 0, the competitive level will increase
with the increase of the cooperative level. This denotes that x° and y® are complements. We can now use
backward induction and analyze first stage with the results from the second stage. Using equilibrium
competitive effort levels x4 and xB, we calculate updated profit functions for V s € S:

QSMeWgsnew (ps,new _csnewy

Ry = Q*°4g;° (P — Cj) + " +60°5 + & — k(%) (25)
Finally, applying conditions of ?;j =0,V s € S, the equilibrium cooperative effort levels are:
(s,od<Ps 14+ cs (141 >+<s,new<Ps,new 14— )—csmew(q4 L >
yA —yF = P lp( mA) IIJ( mB) ( mA) ( mB) ' (26)

S
8Ky

We can now observe that competition and cooperation equilibrium levels are identical for both companies,
which implies that both LNG shipping carriers will use the same strategies when reaching coopetition
equilibrium and will achieve similar resulting profits. We can conclude that there is a unique solution to the
game of coopetition.

4. Conclusion

Even though we do not yet see LNG shipping companies forming strategic alliances in the same way as it is the
case in shippers focusing on container transportation, the increasing number of emerging LNG transportation
companies and general expansion of the market leads to the higher number of cooperative maneuvers in the
near future. An investment is complementary element and companies have strong incentive to cooperate at
investment stage. In this paper we set the framework for coopetitive game fundamentals and concept model
representation for LNG transportation industry. In order to develop feasible model that will assist maritime
practitioners and researchers, we used profit maximization approach of a single carrier in order to resolve
coopetition model. With profit maximization problem defined as mixed-integer and nonlinear problem, we
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approach to solution with iterative heuristics. In this approach, the coopetition game is elaborated from the static
perspective; therefore, dynamic direction with asymmetric information is also a feasible methodology that could
be considered for future research. Finally, we considered formation of strategic alliances based on competition
and cooperation level, but coopetition can be function of other factors, such are various agreements among
carriers, special deliveries to multiple customers, or even generation of specific projects that generate new
demand. A model that incorporates these factors would produce insightful solutions.
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