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Abstract

The LNG (Liquefied Natural Gas) trade is one of the
most promising sectors in energy shipping. An impor-
tant characteristic of the LNG shipping market is its
oligopolistic structure. The market actors make their
decisions independently, yet knowing that these deci-
sions are likely to influence the strategic positioning of
the other players. This context is appropriate for the
adoption of a (non-cooperative) game theoretic analysis
framework to support decision-making. Two topics of
strategic decision-making in LNG shipping are investi-
gated in this paper, namely Early Commitment and
Entry Deterrence.

Early Commitment has to do with the rationale that may
justify an early strategic investment commitment (it may
also be encountered as “pre-commitment”). In an LNG
shipping market such a pre-commitment could be an
order of (uncommitted) LNG vessels to be launched in
the market in a future point in time.

Entry Deterrence is a strategic interaction between a
monopolist LNG shipowner in a specific market (the
incumbent) and a potential entrant or entrants in that
market. The entrants offer identical or close substitute
products (services), i.e. the LNG cargoes shipping ser-
vice. If they enter the market, then the incumbent’s prof-
its are reduced, so the incumbent - monopolist tries to
prevent other firms from entering the market. First, a
traditional approach to such a strategic interaction is
discussed and it is explained why it is unsatisfactory.
Then, it is presented how game theory provides a more
sophisticated treatment of the subject, and the previ-
ously developed early commitment concepts are also
utilized for this purpose.

Keywords

LNG Shipping, Strategic Decision-Making, Game The-
ory, Early Commitment, Entry Deterrence

1. Introduction —the LNG Market and its
Dynamics

The Liquefied Natural Gas (LNG) trade is without

doubt one of the most interesting areas in energy ship-
ping, which dominates the world bulk maritime trans-
port. Its recent dynamics have attracted companies and
investors who are only now discovering its special char-
acteristics.

Meeting the world’s energy demands is one of the
greatest challenges for the 21st century and, in many
respects, natural gas is considered as the successor of
oil. While for many decades natural gas markets were
localized and isolated, the LNG trade (that is the trans-
port of natural gas by sea) has contributed to the devel-
opment of a global competitive market (Foss, 2005)
which presents similarities to the oil market, yet many
differences as well.

A gap exists in the literature regarding the analysis of
the newly developed LNG market. Methodologies ap-
plicable to other shipping markets fail to support deci-
sion-making in the LNG shipping business, because of
its distinctive idiosyncrasies. The LNG shipping market
context is appropriate for the adoption of a (non-
cooperative') game theoretic analysis framework. What
is important is to anticipate the reactions of competitors,
as these may have a direct impact on the value of the
firm. Taking into account the responses of other players
in the business game and their positive or negative ef-
fects on a firm’s value can greatly benefit strategic deci-
sion-making.

Game theory reduces complex strategic problems into
simple analytical structures. Then it assigns values to
strategic decisions and finds equilibrium strategies using
solution techniques that help in understanding or pre-
dicting how competitors will behave. Game theory is an
established field in economics®. It has been extensively

" The players are unable to enter into binding and enforceable
agreements. In cooperative game theory such agreements are
possible.

n 1994, the Nobel Prize in Economic Sciences was awarded
to J. Harsanyi, J. Nash, and R. Selten for their pioneering
analysis of equilibriums in the theory of non-cooperative
games. In 2001, it was awarded to G. Akerlof, M. Spence and
J. Stiglitz for their work in the field of “information
economics”, which has significantly built upon game theory.
In 2005, it was awarded again for contributions to game theory
and specifically to T. Schelling and R. Aumann for their
analyses of conflict and cooperation. Finally, in 2007 the same



used for competition analysis in oligopolistic markets
among other topics. Game theoretic approaches to the
analysis of competition patterns in energy shipping (and
relevant markets) and to investment decision-making in
the transportation of natural gas can be found in the
literature. Yet, similar analyses for the LNG market do
not exist.

This section (section 1) introduces the reader to the
developments taking place in the LNG market and its
dynamics (based on Gkonis & Psaraftis, 2007b &c). The
paper focuses on early commitment and entry deter-
rence in an LNG shipping market, which are covered in
sections 2 and 3 respectively. Section 4 concludes this

paper.
1.1 Basic information

Natural gas (NG) is a fossil fusel consisting mainly of
methane. As a primary energy source, it has been in-
creasing its share in world energy consumption faster
than any other source in the recent years (with the ex-
ception of coal, mainly because of its use in China) and
it now accounts for about 25% of world energy con-
sumption.

Natural gas is traditionally transported from producing
to consuming countries through pipelines. An alterna-
tive and direct way (without passing through third coun-
tries) to transport natural gas is by sea using the LNG
technology. Natural gas is liquefied under very low
temperatures (-161°C) and, with its volume reduced by
about 600 times under atmospheric pressure, is con-
tained in cryogenic tankers. The LNG chain also in-
cludes liquefaction plants located nearby the exporting

ports, and regasification units located at the import
terminals. A system of pipelines is of course required to
transport natural gas to and from the latter (see also Fig.
la).
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Fig. laz  Schematic LNG chain

The largest reserves of natural gas are found in Russia,
Iran and Qatar. The biggest producers are Russia, USA
and Canada, followed by Iran, Norway, and Algeria.
The biggest consumers of natural gas are USA and
Russia.

Two large LNG markets can be distinguished, namely
the Asia-Pacific and the Atlantic Basin ones (see Fig.
1b). In the former, predominantly Japan and South Ko-
rea (the world’s greatest importers of LNG) are supplied
with LNG mainly from Indonesia, Malaysia, and Aus-
tralia. In the Atlantic Basin market, USA and Europe
import LNG mainly from Africa (Algeria, Nigeria,
Egypt), and Trinidad & Tobago (BP, 2007). The Middle
East acts a swing supplier to both the above markets.

Bajor trela imsosemenis
Tiarths Neories il chowicls | Dl cubds: vl

LiGE
T
N Maace
. S B Canl Aeviaaici
L e & K o
skl & Easi

Efrwm el | E TR

. Bww Pl

prize was awarded to L. Hurwicz, E. Maskin, and R. Myerson
for having laid the foundations of mechanism design theory
based on game theory.

Fig. 1b:

Global LNG- natural gastrade (source: BP,
2007)



1.2 Motivesfor the development of the LNG trade

The reduction in the volume of natural gas by 600
times, when liquefied, allows its transport as LNG on
economically competitive terms compared to pipelines.
Especially for transport over long distances (above
around 3,000 miles — Jensen, 2004), LNG is the advan-
tageous option. Moreover, LNG allows the trade among
areas which otherwise would be technically or politi-
cally impossible to connect (IELE, 2003).

In its first stages, the LNG trade was taking place in
specific routes where the ships were dedicated under
long-term contracts. These attributes started changing in
the end of 1990s.

The development of the international LNG trade was
favoured by the turn to natural gas for electricity pro-
duction, in order to meet the ever growing demand
across developed and developing countries. Natural gas
powered stations present economic advantages, are
faster to build and are more environmentally friendly,
when compared to electricity production from other
fossil fuels. Moreover, natural gas can be burned di-
rectly as a fuel in the industrial and the household sec-
tors with very high efficiency and minimal losses.
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Fig. 2: Typical LNG vessel newbuilding cost (sour ce:

Drewry Shipping Consultants data provided in
LNG OneWorld, 2007)

Also, significant cost reductions were achieved in all
stages of the LNG chain with technological improve-
ments (in Fig. 2, the evolution of the newbuilding cost
for a typical LNG vessel is shown). Moreover, the con-
tract terms had to become more elastic, in order to ac-
commodate the need for greater flexibility in meeting
the increasing demand. Gradually, a part of the market
started to operate on competitive terms and to promise
increased returns. Last, but not least, LNG fits well in
the security of supply considerations of national energy
plans through the diversification of energy supply and
sources.

1.3 Characteristics and evolution of the LNG trade

The LNG trade started in the 1960s with a limited num-
ber of sailings towards European markets, while soon it
moved to the Asia-Pacific area. In these first stages, it
consisted of ships dedicated to specific trade routes
under long-term contracts. This rigid structure started to
break in the late 1990s.

Although most of the LNG trade is still taking place on
“inelastic” terms, a growing short-term market currently
represents 10% of the total market (PE, 2007a). It is not
unusual for cargoes to be diverted from their original
destinations to take advantage of arbitrage opportuni-
ties, according to market conditions and prices. The
natural gas prices (traditionally linked to oil prices) are
increasingly indexed to reference gas prices, as gas-to-
gas competition develops around the globe.

An LNG carrier is a sophisticated technology ship, with
double-hull special design and insulated storage tanks
(independent or prismatic type) with metallurgical prop-
erties that allow them to withstand very low tempera-
tures. LNG ships are going through many technological
developments concerning on-board equipment (e.g. re-
liquefaction units) and propulsion.

The standard size of an LNG vessel has increased in the
last years and it currently corresponds to about 150,000
cu.m. of natural gas (i.e. about 60,000 tonnes of LNG).
Its building cost is about USD 225 million. The world
fleet counts 233 ships and is experiencing a dramatic
growth in the last years; the current orderbook counts
139 ships (SE, 2007a). Fig. 3 shows the dramatic in-
crease in the number of LNG vessels of the world fleet
and the proportionally significant and increasing size of
the orderbook from 1990 to the end of 2006.
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1.4 The LNG market prospects

The long-term contracts between suppliers and import-
ers will continue to dominate the international LNG
trade, but they will increasingly become more flexible
allowing cargoes to be traded in a growing short-term
market.

In the traditional market model, the basic players in
LNG shipping were integrated energy majors and na-
tional companies. The cost reductions and the versatility
required by the market, in response to increased demand
and new conditions in the international energy scene,
opened up the “LNG club” to independent shipowners
and other investors. Especially the oil tankers independ-
ents showed great interest. The newcomers to the mar-
ket currently own 10% of the world fleet. Their share is
expected to rise as they represent 25% of orders (SE,
2007b), many of which are uncommitted vessels to be
launched in the short-term / high-returns market. Al-



though the integrated structures in the LNG trade will
remain, the market will further open up to a whole new
range of investors and players.

The market projections for an oversupply of LNG ship-
ping capacity in the next years (SE, 2007b) and the
recent rebound of investment costs (e.g. see Fig. 2) and
operational costs should be considered as parentheses in
the growth trend of the LNG trade in the coming dec-
ades (as an example see Fig. 4 for a projection of LNG
demand in the Atlantic basin — similar growth rates are
expected for the Asia-Pacific market). Moreover, tech-
nological innovations, e.g. onboard regasification and
FSRUs — Floating Storage Regasification Units (PE,
2007b), are expected to give a further boost to the mar-
ket.

LNG demand in the Atlantic Basin
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Fig. 4: Atlantic basin LNG demand (in billion cu.m.

per annum) (market estimations)

The LNG trade is growing rapidly in the Atlantic Basin
market which is likely to overtake the Asia-Pacific mar-
ket. Large natural gas fields are to be exploited in the
Arctic zone by Russia and Norway (LL, 2007). Russia,
also with the development of its fields in Siberia, may
play in the natural gas market a role similar to that of
Saudi Arabia in the oil market (Chevalier, 2004). The
Middle East (especially Qatar) will enhance its export-
ing role to both the Atlantic and Asia-Pacific market
(PE, 2007b). Moreover, the energy demand in China
and India will create new challenges. Security of supply
considerations, through the diversification of sources,
will influence the choices for the supply of energy to
markets around the globe in the coming future.

In this dynamic environment, the traditional players in
energy shipping, the independent oil tanker companies,
are trying to fit in. Investments in LNG shipping are
capital intensive and relatively few and large players are
able to enter and stay in the market. Consequently, the
decisions of a market player are likely to influence to a
significant degree the position of other players; there-
fore strategic decision-making is crucial at this stage.

It is expected that competition will increasingly develop
especially in the shipping segment of the LNG chain,
which however at least in its first phases will have the
characteristics of an oligopolistic market. The LNG
shipping market context is therefore appropriate for the
adoption of a (non-cooperative) game theoretic analysis
framework, as it has been argued in Gkonis & Psaraftis

(2007a). The following discussion relies on the oligopo-
listic characteristics of LNG shipping markets.

2. The Strategic Value of Early Commitment in
an LNG shipping market

The discussion in this section is based on Smit and
Trigeorgis (2004)".

2.1 The Value of Early Commitment

The rationale that may justify an early strategic invest-
ment commitment (it may also be encountered as “pre-
commitment”) is discussed next. In the LNG shipping
market, such a pre-commitment could be an order of
uncommitted LNG vessels (without any contract guar-
anteeing business for them when they are launched in
the market). Indeed, such an order has the characteris-
tics of strategic commitment, because it can substan-
tially influence the supply of shipping capacity in a
market (given its oligopolistic structure) and is difficult
to reverse without considerable cost’.

Such an early strategic investment commitment may
seem unattractive or totally unacceptable based on its
direct cash-flows. However, it may entail substantial
strategic value from improving a firm’s long-term stra-
tegic position.

When considering an early strategic investment com-
mitment, it is crucial to understand the competitive
setting of the market and in which way a rival will re-
spond. It is shown in another paper of the authors
(Gkonis & Psaraftis, 2007b) that capacity competition in
the LNG shipping market implies that an expansion of
capacity forces a rival to build less capacity (the possi-
bility that it may even deter entry under some circum-
stances is discussed in section 3 of this paper).

In general, a competitor’s response to a strategic in-
vestment decision is likely to depend on the type of
competitive reactions (strategic substitutes or comple-
ments®) and whether the strategic investment is tough or
accommodating (i.e. whether it hurts or benefits the
competitor).

In a competitive setting with two firms, firm A can
make an early (first-stage) capital investment Ka, result-
ing in subsequent (second-stage) profits of value Va
(VB for firm B). The second-stage action of firm B (in
terms of capacity supply) in response to the first-stage
investment Ka of A is ag(Ka) or o g(Ka) when optimal.
Va depends on both Ka and the optimal actions of both
firms. In this case, the impact of the incremental in-
vestment dKaA on firm A’s value of its subsequent profits
(Va)is:

! who refer to Fudenberg and Tirole (1984).

A strategic commitment will be credible, if it is costly to
reverse. If it can be reversed at little cost, it will not have
much impact and it will hardly change the strategies of the
players. In game theoretic terms, the best response curves will
not move (see the Appendix for more details).

3 The difference is explained in the Appendix.
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This expression suggests that:

(commitment effect) = (direct effect) + (strategic effect)

Whether firm A’s strategic investment will have a posi-
tive result (commitment effect dVa / dKa > 0) is a func-
tion of two components, i.e. the sum of the direct and
the strategic effects). The first term on the right-hand
side of Eq. 1 captures the direct effect of the incre-
mental investment dKa on A’s own value VA. The stra-
tegic effect (the second term) results from the impact of
firm A’s strategic investment on firm B’s optimal sec-
ond-stage action (do’y / dKa) and the latter’s indirect
impact on firm A’s profit value.

So, whether firm A should make the early strategic
investment (commitment) or not depends not only on its
direct effect on its own profit value, but also on the
positive or negative indirect strategic effect related to
the competitor’s reaction, as illustrated below, where
the direct effect is negative for the assumed order of
uncommitted LNG vessels.

av, _ov, oV, da,,

dK, 0K, éa, dK,
\_Y_) -
negative negative / positive

direct effect strategic effect

Therefore, an order of LNG shipping capacity, which
constitutes by nature an early strategic investment
commitment, should be assessed by taking into account
the above parameters. It has been recently observed that
quite a few shipowners have placed orders for LNG
vessels, which are uncommitted. Such a strategic in-
vestment can hardly be justified by considering only its
direct effects (e.g. direct cash-flows or NPV analysis). It
is the strategic effect of such a pre-commitment that
justifies the decision and introduces a game theoretic
element to the analysis. This strategic effect is further
elaborated next.

2.2 The strategic effect

A commitment by firm A can either hurt or benefit the
competitor firm B (tough or accommodating action). On
the other hand, the response of firm B will depend on
the competitive setting prevailing in the market. The
competitive setting will determine what kind of initial
commitment to make. In price competition, reactions
are reciprocating, while in capacity competition reac-
tions are contrarian.

Overall, the strategic effect depends on both the type of
the competition (reciprocating or contrarian / players act
as strategic substitutes or complements respectively)
and. the type of the commitment (tough or accommodat-
ing). Specifically:

[sign of the strategic effect]

(positive + or negative -)

[sign of the type of the competition]
( + for reciprocating or - for contrarian)
X

[sign of the type of the strategic investment commit-
ment]

(+ for accommodating or - for tough)

Ordering vessels in an LNG shipping market is an inter-
action of capacity competition, where reactions are
contrarian (sign -). So referring to the strategic effect in
Eq. (1), a tough commitment (-) by A will result in a
positive (+) strategic effect for A (the strategic effect
term is positive as both its factors are negative). On the
contrary an accommodating commitment (+) would
result in a negative (-) strategic effect. An aggressive
behavior is met with soft response. This signifies that
supplying more capacity to the market in question
forces the competitor to restrict his own.

In a strategic case where the competitor firm B is a
potential entrant to the market, it may be forced to re-
strict its supply of capacity to a level, where it is unprof-
itable for it to enter the market. Consider the impact of
the incremental investment dKa on firm B’s second-
stage profits (VB):

dv, oV,

+8VB da,
dK, 0K,

Oa, dK ,

2

Referring to Eq. (2), the direct effect of A’s investment
on B’s value is negative, but also its strategic effect is
negative. Indeed the strategic effect term is negative, as
its first factor is negative and the second is positive. So,
firm A may achieve to deter entry of B to the market by
making such an entry unprofitable (dVB / dKa < 0).

2.3 Conclusions

The main conclusion from this discussion is that the
value of strategic investments can be under- (or over-)
estimated if one considers only their direct effect (e.g.
NPV analysis of direct cash-flows). The strategic effect
taking into account the competitors’ moves may instead
determine whether the strategic move is beneficial or
not.

Moreover, it is important to know when to compete
aggressively and when to coordinate actions with rivals.
Understanding whether a strategic move is tough or
accommodating for competitors and knowing whether
they act as strategic substitutes or complements helps in
predicting their reaction to it. In this way, profitable
opportunities based on common interests can be ex-
ploited and harmful reactions can be avoided.

In the case of LNG shipping, these concepts help in
better appreciating the strategic value of ordering un-
committed vessels (without any contract guaranteeing
business for them when they are launched in the mar-
ket). The direct effect may not justify such an invest-



ment, however the latter may be suggested by the stra-
tegic effect on the shipping firm’s own strategic position
related to the position of its adversaries.

The nature of LNG shipping competition signifies that
building more capacity forces the competitors to restrict
their own. In a strategic case where the competitors are
the potential entrants to a market, under circumstances
they may be forced not to enter the market at all. Entry
deterrence is analyzed in the following section.

3. Entry Deterrencein an LNG shipping market

In this competitive setting, strategic interaction situa-
tions are considered between a firm already active in a
specific market (the incumbent) and a potential entrant
or entrants in that market (they may choose to enter or
not in the market). The entrants offer identical or close
substitute products (services). If they enter the market,
then the incumbent’s profits are reduced, so the incum-
bent - monopolist tries to prevent other firms from en-
tering the market.

This approach is viewed through similar strategic inter-
actions in the LNG shipping market. The incumbent is
the monopolist LNG shipowner in a market, where the
potential entrants wish to enter. The substitute product
they offer is the LNG cargoes shipping service.

First, a traditional approach to such a strategic interac-
tion is discussed and it is explained why it is unsatisfac-
tory. Then, it is presented how game theory provides a
more sophisticated treatment of the subject. Finally, the
main conclusions regarding the LNG shipping market
are reviewed, which significantly advance the under-
standing of how firms may strategically interact over
time.

3.1 The traditional Approach to Monopoly - Entry
Deterrence and the Game Theory per spective

The current discussion is adapted from Romp (1997)'.
In the static theory of monopoly, the prospect of compe-
tition is ignored. It is rather examined how the monopo-
list firm can maximize its profits (supernormal profits).
This is achieved by supplying the capacity where the
marginal costs equal the marginal revenues. It is as-
sumed that significant barriers prevent other players
from entering the market.

However, in the absence of barriers to entry, the pres-
ence of supernormal profits will attract other players. In
this case, the monopolist could increase his output to an
appropriate level and decrease the price accordingly, so
that the potential entrants believe that their sales will not
earn them a normal profit.

The highest price charged by the incumbent (yet still
below the monopoly price and corresponding to a higher
level of output than the monopoly state) at which entry
is deterred is called the limit price. The limit price strat-
egy will be followed by the incumbent, if the present
value of the profits it will bring is higher than the value
of maximizing current profits.

! who refers to Bain (1956), Modigliani (1958) and Sylos-
Labini (1962).

The limit price theory assumes that the incumbent will
continue to produce the same level of output even after
any other firm has entered the market. This is not realis-
tic, except in cases where some sort of inescapable
commitment has been made by the incumbent. Nor-
mally, after the entrance of a competitor in a market, the
monopolist will change his output / price and compete
in a duopoly market accordingly.

This is illustrated by considering a two stage game. In
the first stage, the monopolist sets his level of output. In
the second stage, a potential entrant decides whether to
enter or not. If he enters, Cournot competition takes
place®. It is also assumed that there is no possibility of
pre-commitment by the incumbent, and that there is
complete information. Obviously, the entrant will enter
in the second period depending on whether he can make
a profit under Cournot competition. This decision will
not be influenced by what the incumbent does in the
first period (e.g. limit price strategy). Realizing this, the
incumbent will maximize current profits in the first
period (will act as a monopolist, instead of adopting a
limit price strategy), as he cannot affect the potential
entrant’s decision.

In the case of LNG shipping, the incumbent firm may
similarly choose to supply its market with such a level
of shipping capacity at competitive charter rates, that
the potential entrants will not find it profitable to enter
the market.

From the perspective of game theory, the threat by the
incumbent of producing the same level of output even
after a competitor has entered the market is not credible
and therefore the limit price strategy is not a subgame
perfect Nash equilibrium®. Accordingly, the entrant is
not justified to believe it. The theory of limit pricing is
based on irrational behavior by firms.

3.2 Game Theoretic Analysis of Entry Deterrence

It was explained above how game theory rejects limit
price strategy as incapable of achieving entry deterrence
in oligopolistic interaction, since it is based on irrational
behavior by the involved players. Instead, game theory
makes entry deterrence possible by relaxing i) the pre-
vious assumptions of limited interaction between the
incumbent and the potential entrants, ii) the inability of
the incumbent to pre-commit to a certain action, and iii)
the existence of complete information. These three re-
laxations are discussed in the following three sub-
sections respectively.

3.2.1 Repeated interaction

The incumbent in a market can deter entry only in

? See the Appendix for a brief description of Cournot competi-
tion.

3 According to subgame perfect Nash equilibrium, the solution
to a game must be a Nash equilibrium (see the Appendix) in
every subgame of it. A subgame of a game is defined as a
smaller part of the whole game starting from any point and
ending to the end of the entire game. It suggests that each
player must act in his own self-interest in every period of the
game.



credible ways. Such a credible strategy can be predatory
pricing or a price war. While in limit price theory the
incumbent sets a low price before entry occurs, in
predatory pricing he does so afterwards.

Predatory pricing may make both the entrant and the
incumbent worse-off compared to an accommodating
strategy. If this is the case, then the incumbent cannot be
credible when threatening with a price war in a one-off
game. However, if the incumbent faces an infinite num-
ber of possible entrants in separate markets, predatory
pricing can deter entry in equilibrium (Milgrom and
Roberts, 1982a).

In the case of LNG shipping, competition is capacity-
based rather than price-based (as argued in Gkonis &
Psaraftis, 2007b). The “predatory pricing” strategy can
be replaced by a “fighting” strategy in an LNG shipping
interaction.

A dominant LNG firm may enjoy a better positioning
through its established relationships with the customers,
that it can take advantage of after the entrance of a
competitor in the market. These advantages can be iden-
tified in administrative, contractual and logistical facili-
tations, apart form the importance of the relationship
itself.

The case is considered where the incumbent LNG firm
faces a potential entrant in each one of an infinite num-
ber of markets (assumed to be “identical”). The incum-
bent has to choose between accommodating or fighting.
The potential entrants make their decisions to enter or
not sequentially. If the potential entrant stays out, the
incumbent earns monopoly profits. If the potential en-
trant enters and the incumbent accommodates, both earn
positive profits, while if he chooses to fight, then both
loose. This game - which is also known as the “chain-
store” after a classic game (Selten, 1978) - is illustrated
in Table 1, where M>H>0>L and EH>0>EL.

Tablel: The"chain-store’” game
Entrant
Pay-offs
Enter Stay out
Fight L, EL M, 0
Incumbent
Accommodate] H, EH M, 0

If in the above game the incumbent accommodates in
the first period (market), then with the expectation of
accommodation, entry will occur in all periods (mar-
kets). The present value of pay-offs for the incumbent
will therefore be:

H
1-d
where d=1/(1+r) is the discount factor (r is the discount
rate). If, however, the incumbent chooses to fight in the
first period (market), then the potential entrants in the

next markets will prefer to stay out expecting the same
behavior (as a rational response from the incumbent in

H+dH+d’H +...= 3)

identical strategic interactions). The present value of the
pay-offs for the incumbent will then be:

L+dM+d2M+...:L+d£ (4)

1-d
For the incumbent to choose the “fighting” strategy, it
must be:
dM H H-L
+—>——=d>——
1-d 1-d M-L
So, the incumbent will follow a “fighting” strategy, if he
does not discount the future too much (i.e. the discount
rate r is small enough to satisfy Eq. 5, which means
future profits are not discounted a lot).

©)

The result is that with the prospect of infinitely repeated
interaction, the incumbent’s threat of “fighting” be-
comes credible and thus he achieves entry deterrence.
However, if the number of markets is finite, the threat is
not credible, as it can be shown by backward induction
(this is the so-called “chain-store paradox”). Indeed, in
the last game the incumbent will have no reason not to
accommodate and so on moving backwards. As a result,
entry deterrence is not possible in this case.

3.2.2 Credible pre-commitment

Finitely repeated interaction under complete informa-
tion fails to explain entry deterrence because the incum-
bent cannot credibly pre-commit to a certain action. An
action of the incumbent in the present period that can
affect competition in the future and deter entry must be
irreversible. If it is instead easily reversible, it will not
be credible.

Romp (1997)" demonstrates how investing in capital
can be such an action of pre-commitment. A two-period
strategic interaction is considered. In the 1* period the
incumbent controls the market, while in the 2™ period a
potential entrant may choose to enter the market and
compete in terms of Cournot competition. The incum-
bent may invest in capital in the 1% period in an irre-
versible way (in the 2™ period this expenditure is con-
sidered as a sunk cost i.e. cannot be recovered). This
could be an investment in physical infrastructure that
lowers for example the firm’s marginal costs.

The strategic value of early strategic investment, which
can otherwise be translated as pre-commitment, was
discussed in section 2. In the case of LNG shipping, the
1* period could be when the incumbent LNG shipping
firm chooses to place an order for LNG vessels. This is
a capital investment of irreversible nature. The 2™ pe-
riod is when the vessels become available at around the
same time that a potential competitor considers entering
the market.

! who refers to a model presented by Dixit (1981).
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Fig. 5: Entry deterrence under Courmot competition

Referring to Fig. 5, point A is the Nash equilibrium
under Cournot competition', when the entrant enters the
market and the incumbent has a given reaction curve
without pre-commitment. Under this equilibrium, the
entrant receives the profit indicated by the respective
isoprofit curve passing from A.

If the incumbent LNG firm makes an irreversible capital
investment in the 1* period as suggested above, its reac-
tion curve will move to the right, as with a larger fleet
and enjoying economies of scale, it can supply more
capacity for each level of supply by the entrant. In the
general model, the reaction curve moves to the right as a
result of a reduction in marginal costs, that allows the
incumbent to optimally produce more output for each
level of output of the entrant.

The new equilibrium point is B, which corresponds to
an isoprofit curve of lower profit for the entrant. This
can actually be the isoprofit curve that corresponds to
zero profits for the entrant, if the reaction curve of the
incumbent moves sufficiently to the right (in this case
the reaction curve of the entrant stops there, as beyond
point B he would earn negative profits).

The result of the pre-commitment by the incumbent in
the 1% period is that he competes from a stronger strate-
gic position in the 2™ period (a new reaction curve). The
potential entrant does not enter the market, if the Cour-
not equilibrium suggests that he does not gain from
entry.

As Romp (1997) discusses, entry deterrence can be
achieved by various in nature strategic investments. It
could be research and development that changes the
strategic position of a firm in the future. Also, success-
ful advertising or long-term contracts may deter a com-
petitor from entering a market by fear of finding himself
in competitive disadvantage. Increasing current produc-
tion may also lower the future costs of a firm through a
learning-by-doing process and increase switching costs
by creating a loyal customer base (switching costs are
incurred by consumers when switching to another firm’s
products). A firm that is established in a wide customer
base may put a future entrant at a competitive disadvan-
tage.

! see the Appendix.

Similarly, in the LNG shipping business, the importance
of long-term contracts and market relationships has
already been stressed. Loyal market relationships can be
translated into increased switching costs that bring a
potential competitor to a disadvantageous position.
Also, technological superiority in the form of a fleet that
is modernized or even exhibits technical innovations
can be seen as a source of competitive advantage that
may achieve entry deterrence.

3.2.3 Incomplete information

Entry deterrence in a finitely repeated game can also be
supported in game theoretic terms by introducing in-
complete information. Specifically, the potential entrant
may not know the type of the incumbent he is facing i.e.
the actual pay-offs of the incumbent.

“Signaling” that deters entry in a single market

Continuing the discussion based on Romp (1997)* and
Fudenberg & Tirole (1993), a two-period game is con-
sidered between an incumbent and a potential entrant. In
the first period, the incumbent chooses a market policy”.
The entrant observes it and decides whether to enter or
not in the second period.

In the case of an LNG shipping interaction, the incum-
bent is assumed to be of two possible types: Ry i.e. with
a “High” capabilities profile and a strong position in the
market (this could be based on a good financial stand-
ing, favorable cost characteristics, good reputation and
strong relationships with the customers) or Ry i.e. with a
“Low” capabilities profile and a weak position in the
market. The potential entrant will enter only if he be-
lieves that the incumbent is of type R;. In any case, the
incumbent has an interest in “signaling” that he is Ry
(creation of a “reputation”) in the 1% period, so as to
deter entry in the 2™ period. However, the signal must
be credible.

Complete information

Under complete information, the type of the incumbent
is common knowledge. If he is of type Ry, the entrant
will stay out. The incumbent will supply to the market
the same level of shipping capacity in a monopoly state
(denoted by superscript M) in both periods and the pre-
sent value of his total profits will be*:

7(Qy |Ry)+d n(Qyf | Ry)

If the incumbent is of type Ry, the entrant will enter the
market in the 2™ period and compete in a Cournot du-
opoly. The incumbent will supply his Rp type-
compatible monopoly capacity in the 1% period, know-
ing that he cannot deter entry. In the second period, the
two firms will compete in a duopoly (denoted by super-

% who refers to Milgrom & Roberts (1982b) and Fudenberg &
Tirole (1986).

3 A limit price strategy in the model discussed by Romp. A
capacity-setting policy in considered in this illustration.

4 n(Q|R) stands for the payoff (or profit) of a type R player
when supplying capacity Q. d is the discount factor.



script D). The present value of the incumbent’s total
profits will be:

7(Q;" |R)+d m(Q, |R,)

If the incumbent is of type Ry or Ry with probabilities
ProbH and ProbL respectively, then the entrant will stay
out or enter the market with the same probabilities.

Incomplete information

In the case of incomplete information, the entrant does
not know the incumbent’s type. The action of the in-
cumbent in the 1% period sends a signal to the entrant
about the incumbent’s type. Such a game will have a
Bayesian equilibrium', which can be either separating or
pooling. In a separating equilibrium, a player’s actions
reveal his type, contrary to a pooling equilibrium.

As in a separating equilibrium the incumbent’s actions
reveal his type, in the first period a type R, incumbent
must have no reason to imitate an Ry one. This will
happen if the following inequality holds:

7(Q;" IR)+d 7(Q] |R,)>

7(Qy |R)+d m(Q," | R,)

Qu is the capacity that an Ry firm would supply in the
first period to deter entry.

(6)

Accordingly, in the first period a type Ry incumbent
must have no reason to imitate an R; one. This will
happen if the following inequality holds:

7(Qy | Ry)+d 7(O)f | Ry)>
70" | Ry)+d 70} | Ry) -

The right-hand side suggests that an Ry firm supplies in
the first period the monopoly capacity an Ry firm would
supply.

The above inequalities (6) and (7) suggest the capacity
Qy to be supplied by an Ry incumbent so as to guaran-
tee a separating equilibrium (typically Qg will be higher
than Qy", so that an Ry; incumbent clearly distinguishes
himself from an Ry incumbent, in order to deter entry).
It is a strategy” that signals to the entrant the actual type
of the incumbent. The entrant correctly understands the
incumbent’s type based on his action in the first period.

In the case of a pooling equilibrium, both types of the
incumbent firm supply the same capacity in the first
period, so that the entrant learns nothing about the in-
cumbent’s type. For the entrant to be deterred from
entering the market, the capacity supplied in the first
period must suggest negative profits if he enters the
market. An Ry incumbent will supply in the first period
what an Ry would supply. In this way, entry is deterred.

! Bayesian equilibrium is a generalization of Nash equilibrium
for games of incomplete information. Players must correctly
anticipate the types of the other players, based on their actions.
More specifically, players hold prior beliefs about the other
players’ types and as they see them take actions, they update
their beliefs according to Bayes’ Rule.

2 Comparable to a limit price strategy.

“Signaling” that creates a “reputation” and deters
entry in a repeated interaction

In a different model of incomplete information®, the
incumbent may demonstrate an irrational behavior in
the form of fighting (after entry has occurred), even if
this involves reduced profits for him. A model is con-
sidered as the one previously described when discussing
repeated interaction, but the entrant does not know
whether the incumbent has a preference for behaving
irrationally. The greater this possibility is, the more
likely it is for entry to be deterred.

In this context, a rational incumbent has an incentive to
fight entry in the first markets where interaction takes
place (send a “signal”) and develop a “reputation” of
being irrational, which deters future entry and raises the
present value of future profits. In the latter markets of
the game, the benefits of gaining future profits de-
creases and the incumbent will accommodate entry.

Before this final stage, the incumbent will play a mixed
strategy. If an entrant decides to enter at this stage and is
accommodated, then entry will occur in all succeeding
markets. If entry is fought, the entrants will revise their
perceived probability that the incumbent is irrational
according to Bayes’ Rule®, which delays entry. From the
side of the incumbent, during the mixed-strategy stage
the probability of fighting decreases as long as there is
no entry.

As a result, entry is deterred in the initial markets of this
finite incomplete-information game because the poten-
tial entrants realize that the incumbent has an incentive
to follow a fighting strategy after entry has occurred (as
opposed to signaling in the previous model, which takes
place before entry to the market).

3.3 Conclusions

In this section, strategic interactions of entry deterrence
with application to LNG shipping were examined. The
incumbent player is a monopolist LNG shipping firm in
a market, where the potential entrants wish to enter. The
main conclusions of this section can be summarized as
follows.

Initially, the static theory of monopoly and the limit
price theory were discussed. It was explained why such
a traditional approach is unsatisfactory, as it assumes
irrational behavior by firms.

3 Romp (1997) refers to Kreps and Wilson (1982).
4 Suppose that Ey, ..., Eyare N possible states and an event F
is a signal. We can use Bayes’ rule to find the probability P of
a state Eg given the observed signal F (probability of Ex con-
ditional on F), as:
P(F|E,) P(E

P(EK|F)= N( ‘ K) ( K)

>.P(F|E,) P(E,)

J=1

where:

P(Ey) is the prior belief about the probability of Ey (all prob-
abilities on the right-hand side of the above expression are
prior probabilities determined before F occurs)

P(Eg|F) is the posterior (updated) belief about the probability
of Ex modified by the evidence F.



Next, a game theoretic discussion of entry deterrence
was examined. First, it was demonstrated that under
repeated interaction, the incumbent’s threat of “fight-
ing” the potential entrants after they have entered the
market can be credible and deter entry. However, when
this repeated interaction is finite, entry deterrence was
not supported.

This obstacle was overcome by introducing the possibil-
ity of credible pre-commitment by the incumbent LNG
firm. This is usually a capital investment of irreversible
nature, such as an order of LNG vessels to be launched
in the market. The effect of such a commitment in the
form of strategic capital investment can be entry deter-
rence. Long-term contracts, loyal market relationships
and technological superiority can have similar strategic
effects.

Next, incomplete information was introduced as another
realistic market characteristic that can be the source of
successful entry deterrence. Specifically, the entrant
may not know the type of the incumbent he is facing. In
this case, the incumbent will send a signal regarding his
type, which may deter the potential entrant from enter-
ing the market.

Alternatively, an incumbent LNG shipping firm that is
active in many markets can create a reputation of fight-
ing entry once it has occurred, even if this is harmful for
it (reputation of irrational behavior). Entry deterrence
can be achieved until the point, where the incumbent
decides to accommodate entry, because he can expect
no further gain from developing this reputation.

Overall, the sophisticated treatment of entry deterrence
that game theory offers was demonstrated in this sec-
tion. These game theoretic concepts significantly ad-
vance the understanding of how shipping firms may
strategically interact in LNG shipping.

4. Overall Conclusions

In this paper, an introduction to and an overview of the
LNG market was provided and, more specifically, the
dynamics of its shipping segment were discussed. LNG
shipping is a specialized bulk trade with great prospects
in energy shipping. Compared to its parent markets, the
oil trade and the onshore gas markets, it differentiates
substantially, because of its limited fluidity. It is not
expected to reach in the near future similar levels of
mature competition. However, its growth rate and the
opening up to new players with the adoption of more
flexible terms of operation makes it a most promising
field in the shipping industry.

The context of LNG shipping is appropriate for the
adoption of a (non-cooperative) game theoretic analysis
framework to support decision-making. The focus in
this paper was placed on two topics of strategic deci-
sion-making in LNG shipping, namely Early Commit-
ment and Entry Deterrence.

The discussion on early commitment showed that the
value of investments can be under- (or over-) estimated
if one considers only their direct effects, while neglect-
ing their strategic effects. Moreover, that it is important
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to know when to compete aggressively and when to
coordinate actions with rivals. In the case of LNG ship-
ping, these concepts help in better appreciating the stra-
tegic value of ordering uncommitted vessels and the
rationale that supports entry deterrence strategies that
were analyzed next.

Entry deterrence strategic interactions involve an in-
cumbent (monopolist) LNG shipping firm in a market,
where potential entrants wish to enter. A game theoretic
analysis demonstrated that under infinite repeated inter-
action, the incumbent’s threat of “fighting” the potential
entrants after they have entered the market can be credi-
ble and deter entry. In finite interactions, a credible pre-
commitment, such as an order of LNG vessels, can deter
entry. Incomplete information can also be the source of
entry deterrence, in which case the incumbent may send
a signal regarding his type, which can deter a potential
entrant from entering the market. Alternatively, an in-
cumbent LNG shipping firm can create a reputation of
irrational behavior.

In the dynamic environment of LNG trade, new entrants
to the market such as the independent oil tanker compa-
nies, want to capture a share. Strategic decision-making
is crucial at this stage and game theoretic concepts sig-
nificantly advance the understanding of how shipping
firms may strategically interact in LNG markets. Over-
all, game theory can be a useful supplement to the intui-
tion of market players, as it helps in identifying right
strategies given certain conditions.
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Appendix: Cournot competition

In Cournot competition, companies simultaneously
compete in terms of the capacity supplied to the market.

In a simplified model of Cournot competition, two LNG
shipping companies A and B compete (i.e. a duopoly,
the so-called Cournot Duopoly). The two shipping com-
panies supply the same product: the LNG cargoes ship-
ping service, in terms of capacity e.g. thousands of
cu.m. miles.
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The strategies (decisions) available to the two compa-
nies are the capacities supplied by each, g, and qg re-
spectively. The supply level decisions are taken simul-
taneously (companies do not observe the competitor’s
level of supply before setting their own). The payoffs
are their profits, my and mg, which they wish to maxi-
mize.

A solution technique to approach this game is the con-
cept of Nash equilibrium. This involves determining for
each company the optimal strategy dependent on the
other company’s move. The so-called reaction function
(also known as best response function) shows a com-
pany’s optimal capacity for every capacity supplied by
the other company.

The reaction functions for companies A and B represent
downward sloping best response curves, as the optimal
supply for each company is negatively related to the
expected level of supply of the other one (see Fig. 6).
For this reason the two companies are called strategic
substitutes (if the correlation was positive, they would
be strategic complements).
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Fig. 6: Cournot competition

In Nash equilibrium, both companies must be maximiz-
ing profits simultaneously (given the other company’s
capacity supply), which means that they must be on
their reaction curves simultaneously. Thus, the reaction
curves’ intersection corresponds to the unique Nash
equilibrium for this model.

An isoprofit curve of a company depicts the different
combinations of both companies’ supply that yield the
same level of profit for that company (in general it is a
hyperbolic curve).



