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Abstract
During the last decade, the global liquefied ndtgas (LNG) market altered substantially.

Significant investments have been realized, trad#dmes increased and contracting structures
gained in flexibility. Various governance forms exist, including the poles of spot market
transactions and vertical integration as well asnenous hybrid forms such as long-term
contracts, joint ventures, and strategic partnpsshihis dissertation empirically investigates,
based on transaction cost economics and recenhstoms thereof, which motivations drive
companies towards the choice of hierarchical gaeca forms. First, the likelihood of vertical
integration and the impact of inter-organizatiomalst as a shift parameter accounting for
differences in the institutional environment aralgped. Estimation results confirm transaction
cost economics by showing that relationship-spedifvestments in an uncertain environment
drive LNG companies to invest in successive staeng the value chain. Furthermore, the
presence of inter-organizational trust increases litkelihood of less hierarchical governance
modes. Second, alternative theories of the firmiaked in order to explain the menu of strategic
positions recently observed in this dynamic marlkstimation results support the positioning-
economizing perspective of the firm. The threetstfi@ choices of target market position,
resource profile, and organizational structure iaterdependent. Third, the determinants of
optimal contract length as a trade-off between nigimization of transaction costs due to
repeated bilateral bargaining and the risk of bdiagnd in an inflexible agreement in uncertain
environments is discussed. Estimation results stimw the presence of high asset specificity
results in longer contracts whereas the need éaitfility in today’s LNG market supports shorter
agreements. When firms have experience in bilateealing, contract duration decreases. In
addition, countries heavily reliant on natural gaports via LNG are often willing to forgo some
flexibility in favor of supply security. Contractiedicated to competitive downstream markets on

average are shorter than those concluded with mes®in non-liberalized importing countries.

JEL Codes: D23, L22, L95
Keywords: Transaction cost economics, shift patameamework, positioning-economizing
perspective, vertical integration, long-term coatyraontract duration, liquefied

natural gas
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1 Introduction

“[T]he problem of economic organization is propeplysed not as
marketsor hierarchies, but rather as markatel hierarchies.”
Williamson (2002, p. 175)

When | was a student in industrial engineering esben University of Technology, | had the great
opportunity to work together with Prof. ChristiaarvHirschhausen since 2004. After a first excursion
into the field of investments in nuclear energyEastern Europe during my time as a research
assistant, we soon discovered the global liquefiadiral gas market to be an interesting field of
research. In fact, this became the starting paintfore than four years of exciting and fruitful ko
that included a diploma thesis, workshops, summieoas, conference presentations, and finally, this
dissertation. In the summer of 2006, | presentedfitist ideas of my diploma thesis at the European
School on New Institutional Economics. When Prdfvé€ Williamson asked me a question, | did not
understand anything. My limited language skills aiglAmerican accent might have been one reason,
but my very limited knowledge on New InstitutionBbonomics doubtlessly did not support any
comprehension. However, after two more years ofkwamd three resubmissions, | succeeded in
publishing a first paper which strongly motivatee to continue; and when Prof. Williamson finally
was awarded the Nobel Prize in Economics last yegrcolleagues and | gladly clinked classes of

champagne.

1.1 Theissue

The technology of natural gas liquefaction and inigp enables inter-regional gas trade linking the
formerly isolated markets of North America, Eurdparasia, and Asia-Pacific. The past decade has
seen the global market for liquefied natural gaN@) undergoing substantial developments. Driven
by growing natural gas demand and declining investncosts for LNG export and import facilities
until the mid-2000s, large-scale infrastructureestments have been realized along the whole value
chain. Export capacities increased from 108 millions per year (mtpa) at the end of 1999 to 229
mtpa in 2009 (+112%), import capacities increagethf251 to 462 mtpa (+84%) during the same
period and the number of operating LNG vessels angga from 106 to 337 (+218%). New players,
countries as well as companies, entered the mdritetnational trade nearly doubled in volume.
During the early years of the industry, most of Wald's LNG export infrastructure remained under
state control and private or foreign companies weavelved only with minority shares. Inflexible
bilateral long-term supply agreements with takeay-and destination clauses secured the capital-
intensive investments on the one hand and relsipglies for import-dependent buyers on the other.

Ship ownership typically was embedded in theseraotd. In today’s LNG market, new flexibility in

1



trading patters comes from changes in the struatiteng-term contracts. Average contract duration
and contracted volume are decreasing, take-or-pgyinements are relaxed, options for additional
cargoes are included in recent contracts, andrZgstn clauses are eliminated enabling the divarsio
of deliveries. These long-term contracts are irginggy accompanied by short-term agreements and
spot transactions balancing supply and demandershtiort- to medium-term. Whereas only 3.8% of
total LNG trade took place under short-term corsrac 1999, this share increased to 20% in 2007
(Cornot-Gandolphe, 2005; Jensen, 2009b). Thedipbrt projects without having sold total volume
based on long-term contracts are moving forward.

LNG suppliers increasingly follow a strategy of i@rd integration from the upstream to the
downstream sector. Concluding for a sales-and-pseclagreement with the own marketing affiliate
and investing at the same time in LNG import cajiesi leads to the players controlling successive
stages of the value chain. Some companies invest intire portfolio of LNG export, shipping, and
import positions, enabling them to conduct flexililades and to benefit from regional price
differences. For example, Exxon Mobil in partnepshith Qatar Petroleum controls export capacities
in Qatar, has a fleet of 27 ships, and investetniporting capacities on both sides of the Atlantic
(i.e., UK and US). Furthermore, traditional natuga$ distributors started to participate in LNGa@xp
ventures and also electricity companies, forming pathe extended value chain including gas-fired
power production, entered the market and integratkward from the downstream to the upstream
sector. In contrast, some new entrants investedoimintegrated LNG import terminals operating
them as so called tolling facilities, selling trex\dce of unloading, regasification, and storagéhtal
parties, or speculating for short-term deliveries.

The occurrence of such a menu of governance fontisding vertical and horizontal integration,
joint ventures and strategic partnerships, longh simort-term contracts, and spot transactions & on
and the same industry is very interesting from a NMestitutional Economics (NIE) point of view. In
addition, we observe varying strategies of diffei@mpanies which are active in similar stagesef t
value chain, and one and the same company chodasffegent positions along alternative value
chains. Therefore, this thesis addresses vertinaitares in the global LNG market and investigates
what drives companies towards vertical integrationd which external factors determine optimal

contract duration of long-term supply agreements.

1.2 Approach

The origins of transaction cost economics go badRdnald Coase’s seminal article on the nature of
the firm. When Coase (1937) asked why there amesfihe could not find an answer in price theory
but rather argued that there must be some costinj uthe price mechanism and that firms are likely
to emerge when contracting becomes too expensiwwelker, with every transaction organized within
a firm, additional bureaucratic costs arise andethteepreneur’s capabilities of making the bestafse

production factors decreases, limiting firm sizeorkl than three decades later, the field of NIE



established. Williamson (1975, 1985) operationdlizeansaction cost economics discussing the
determinants of (ex-post) transaction costs anttactual difficulties.

Economic actors are assumed to be characterizecdbdunded rationality and may behave
opportunistically in the sense of “self-intereseldag with guile” (Williamson, 1985, p. 47). In a
world in which uncertainty about the future statenature is present, long-term contracts will remai
incomplete not accounting for all possible contimgjes. As long as there is functioning competition
among trading partners, incomplete contracts areralbkematic. However, ex-post bilateral
dependencies, as do result from investments itioa&hip-specific assets, encourage ex-post hold-up
by the non-investing party and provide economiimives to internalize quasi-rents into the own
hierarchy.

Transaction cost economics is a comparative arsadfaidying governance structures under the target
of economizing exchange relationships with respedhe sum of both production and transaction
costs. Transactions, which differ in their attrimit have to be aligned with governance structures,
which differ in their costs and competencies, bliscriminating way. Internal organization will beet
efficient mode of organization only in the presenck both substantial relationship-specific
investments and environmental uncertainty where hbheard of post-contractual opportunistic
behavior by the counterparty would otherwise resulex-ante under-investment and decreasing
overall efficiency. Asset specificity without untanty allows for the conclusion of complete
contingent claim contracts. Uncertainty withoutedsspecificity can be dealt with in exchanges on
competitive markets.

Transaction cost economics became prominent ddined 980s. At first glance, this approach seems
to be an empirical success story with about 900icgipns. However, the existing body of empirical
literature suffers from a number of shortcomingsve3al studies are not fully consistent with
propositions developed within the framework of saction cost economics. Often, imperfect proxies
for key variables have to be employed. Numeroudissuignore the endogeneity of right-hand-side
variables. Finally, most econometric tests are ¢dbasereduced form models and therefore cannot test
for the theory’s propositions directly. While enipal evidence demonstrates that firms choose
governance consistent with transaction cost priedist the performance implications of governance
choice are less well explored.

In recent years, researchers have continued tolapevand improve transaction cost economics.
Whereas research on the institutional environmadtthe institutions of governance have developed
in disjunct ways for a long time, Williamson (1991btroduces the shift parameter framework which
investigates how the optimal choice of governar@nges in response to dynamics in the institutional
environment. Changes in exogenous parameters hifillthe relative costs of alternative governance
structures and, therefore, will have an impacthendptimal alignment of transactions and institugio
arrangements. Nickerson (1997) develops the pasitigeconomizing perspective arguing that

decisions regarding market position, resource imests, and governance mode are interdependent



and determined simultaneously. A target markettjposis supported by a resource profile that imtur
determines the organizational choice of a firm.atidition, a number of authors came up with an
increasing interest in relational (i.e., implicit gelf-enforcing) institutional arrangements arguihat
transaction cost economics may overstate the dédgiyaof complex long-term contracts and vertical
integration in exchange settings where a substdmild-up potential is present.

This thesis picks up several of the above discu§issthtions of existing empirical work. It tests
transaction cost economics’ predictions and reckenvelopments thereof using data on the global
liquefied natural gas market. First, the impactndér-organizational trust as a shift parametethan
choice of governance mode is investigated. Secam@&mpirical test of the positioning-economizing
perspective is provided. Third, optimal contractradion of long-term LNG supply contracts is
analyzed accounting for the trade-off between emtitng costs and flexibility. Both contract duratio

and contracted volume thereby are considered aggendus variables.

1.3 Structure of the thesis

Chapter 2 provides an introduction to New Instdo#l Economics and discusses the role of
transaction cost economics within this field ofe@xh. The theory is delineated from other theafes
the firm. The development of empirical contribusomelated to transaction cost economics’
predictions is summarized and limitations of théstxg body of empirical literature are discussed
before recent developments in transaction costaoms are introduced.

Chapter 3 is devoted to dynamics in the global LiN&ket. After a technical introduction to the LNG
value chain, the historical development of capesitand the role of LNG with respect to a
globalization of natural gas markets are reviewegional prospects for investments in LNG export
and import capacities until 2015 are provided. lnaertical structures in the industry are disses.
Long-term contracts are decreasing in durationiafielxible clauses are relaxed. Short-term and spot
transactions gain in importance. Joint venturesydiod, backward, and horizontal integration seem to
be promising strategies in this industry.

Chapter 4 contributes an empirical analysis thatméres the effect of both transaction charactesisti
and the institutional environment on the choicegofernance in the global LNG industry. Using a
dataset of 237 corporate-specific value chainsriatganizational trust is introduced as a shift
parameter. First, following transaction cost ecoitsmit is hypothesized that specific investments
under uncertainty provide incentives to integratertigally. Second, it is argued that inter-
organizational trust changes the relative costgedical integration and non-integration and suggpor
less hierarchical governance modes. These econmf@tonships are tested i) based on a probit
model to explain the binary choice between vertingggration into midstream shipping and non-
integration and ii) based on an ordered probit rhamlexplain the degree of vertical integratior (.
non-integration versus integration from upstreamdownstream into midstream shipping versus

integration along the whole value chain). Estimatiesults provide broad support for transaction cos



economics by showing that relationship-specificestments in an uncertain environment drive LNG
companies to invest in successive stages alongaioe chain. The presence of inter-organizational
trust increases the likelihood of less hierarchigaternance modes. The consideration of a shift
parameter further enhances the explanatory poweheofmodel supporting the need for empirical
studies accounting for both transaction cost végghs well as variables capturing dynamics in the
institutional environment.

Chapter 5 investigates corporate strategies iretherging global market for LNG linking alternative
theories of the firm in order to explain the merfustrategic positions recently observed in this
dynamic market. In the first step, three alterreatarget market positions are defined, each suggort
by an underlying resource profile. In the secorep,steterminants that move companies towards
vertical integration are investigated using theadat of 237 corporate-specific value chains.
Estimation results of a two-step decision makingcpss confirm the positioning-economizing
perspective of the firm. The three strategic cheiok target market position, resource profile, and
organizational structure are interdependent.ghi@wn that national oil and gas companies relyess |
idiosyncratic assets than companies following ailfidity strategy, i.e., investing in a portfoliof o
export and import positions, and that companiedofiohg a flexibility strategy rely on less
idiosyncratic assets than chain optimizers, i.emmganies investing along a single value chain.
Transaction cost economics predictions are confiimeo. Idiosyncratic investments in uncertain
environments have a positive impact on the likethof vertical integration.

Chapter 6 analyses the determinants of contraetidarin order to investigate the impact of market
structure on optimal governance choice. Contracatéhn thereby is determined based on a trade-off
between the minimization of transaction costs dueepeated bilateral bargaining and the risk of
being bound in an inflexible agreement in uncer@wwironments. Furthermore, this study adds an
analysis of different dimensions of transactiomérency and their impact on governance choice to the
theoretical discussion. Propositions are testedguai unique dataset including information on 261
LNG supply contracts from the beginning of the isity until today. Estimation results of a
simultaneous equation model accounting for the gadeity of the contracted volume show that the
presence of high asset specificity results in lormgatracts whereas the need for flexibility inagt
LNG market supports shorter agreements. When flieng experience in bilateral trading, contract
duration decreases. In addition, countries headliant on natural gas imports via LNG are often
willing to forgo some flexibility in favor of suppl security. Contracts dedicated to competitive
downstream markets on average are shorter thae twxluded with customers in non-liberalized
importing countries.

Chapter 7 provides conclusions and a critical assest of the analyses carried out. Topics for &utur

theoretical and empirical research are identified.



2 Recent Developments in Transaction Cost Economics

2.1 Transaction cost economics in the framework of Neunstitutional Economics

2.1.1 Introduction to New Institutional Economics

New Institutional Economiésis still a young theory. Having its origins in tiseminal article of
Ronald Coase (1937) on ‘The Nature of the Firmé(Section 2.2 for a more detailed discussion), it
developed not before the 1970s and 1980s. Majoksvbave been contributed by Ronald Coase,
Douglass North, and Oliver Williamson amongst ahigee e.g., Ménard and Shirley, 2005). NIE is
an interdisciplinary approach combining researatmfrthe fields of economics, law, social and
political sciences, organization theory, and sgiatenanagement; it “is all but an isolated and etbs
paradigm” (Ménard, 2004, p. xv). The literatureuses on institutions and on how institutions intera
with organizational arrangements.

Traditional neoclassical economics differs from NiEvarious respects. Firms typically are treated a
production functions transforming inputs into outputaking the available technologies as given.
Market prices contain all relevant information. iWiduals are assumed to have perfect information
and to be super-rational (i.e., do not have anylpros with memory usage and can formulate and
solve problems of high complexity). Transactiong aealized instantaneously and without any
transaction costs. Disputes are disregarded bea#Hude presumed efficacy of court adjudication.
Given technology, input prices and the demand fancthe firm is able to maximize its profits. A
firm’s size and product range are explained in seohproduction costs. Economies of scale imply
larger firms; economies of scope support multi-piciccorporations.

However, “[w]hat economists usually mean by ‘thedty of the firm’ is the theory of production, not
the theory of the firm as a legal entity” (Kleir@99, p. 463). Neoclassical economics provide ittl
insight into the boundaries of the firm and alténeorganizational forms cannot be explained. Cost
subadditivity implies that a certain output canpbbeduced more efficiently when it is produced withi
one single production plant. Absent any transactiosts, two independent firms could agree for
sharing the same facility and jointly produce tHecient level of output. However, whether the fgm
will integrate depends on the cost of writing anafoecing contracts, i.e., ex-ante and ex-post
transaction costs, not only on the production tetgy.

NIE assumes that individuals suffer from boundetionality and that the environment may be
characterized by uncertainty about the future stateature. The firm is understood as an institutio
created by economic actors in order to reduce aigk transaction costs. Firms are not regarded as

black boxes but as possessing an internal strudiliEewent beyond the “conception of the firm-as-

! The term ‘New Institutional Economics’ has beetraduced by Williamson (1975, p. 1). Like the ‘old’
institutional economics, NIE is interested in sgc&onomic, and political institutions, but socpienomena
such as corporate culture “[are taken] as explamamok the explanans” (Klein, 1999, p. 457). Furithare, NIE
does not abandon neoclassical economics. Rath@rvétstigates new questions such as why economic
institutions emerge in the way they do.
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production function (which is a technological coustion) to consider the firm as a governance
structure (which is an organizational constructionjvhich internal structure has economic purpose
and effect” (Williamson, 2000, p. 602) Thus, “orgaational variety is not disregarded but located
centrally on the research agenda [of NIE]” (Willison, 1986, p. 172).

Davis and North (1971, pp. 6 f.) define the ingimoal environment as “the set of fundamental
political, social, and legal ground rules that Bbshes the basis for production, exchange and
distribution.” These rules guide individuals’ belavand can be both formal, explicit rules (such as
property rights or laws) and informal, implicit esl (such as norms, customs or social and religious
conventions). They further define an institutionaalangement as “an arrangement between economic
units that governs the ways in which these unitsamoperate and/or compefelt. may be formal or
informal, temporary or long-lived.

Williamson (2000) proposes to consider four lewadlsocial analysis, corresponding to different time
perspectives (see Figure 1): The first level regmessocial embeddednegse., customs, traditions,
religion, norms, etc.). These institutions tencch@nge very slowly and are taken as given by most
institutional economists. Nevertheless, they cbote to shaping the institutional environment in
defining rules and supporting the organization @nsactions. The second level describes the
institutional environmentcontaining formal rules. Level three is referred &s theinstitutional
arrangementgi.e., governance modes) embedded in the exigtstgutional environment as well as

in traditions and norms shaping the behavior ohdagtors. These institutions may be changed
periodically in order to reorganize transactiongiproduction and transaction cost economizing way.
Finally, the last level focuses ahort-term resource allocation and employmérg., neoclassical
economics’ object of investigation) with the firiyptcally being described as a production function.
Adjustments concerning prices, supply and demaveldeoccur continuously. Within this framework,
first levels impose constraints on the levels imiatedy following; lower levels in turn give feedbac

to the higher ones. NIE in general is concerned \gitels two and three.

One can summarize that NIE investigates how irtgiits emerge and operate, how they shape the
arrangements that support exchange relationshigspamduction processes, as well as how these
arrangements act in turn to change the institutiengironment. Klein (1999, pp. 461 ff.) concludes
that “development is seen as a response to theutewolof institutions that support social and
commercial relationships. Economic growth thus degeon the degree to which the potential hazards

of trade (shirking, opportunism and the like) caa bontrolled by institutions, which reduce

Z Institutional arrangements “must ... be designedamomplish at least one of the following goalsptovide a
structure within which its members can cooperatebimin some added income that is not availablsideithat
structure; or to provide a mechanism that can effiechange in laws or property rights designediter dhe
permissible ways that individuals (or groups) cagally compete” (Davis and North, 1971, p. 7).

Ménard (1995) builds on these definitions and fertdelineates and defines the fundamental conaapts
‘institutions’ and ‘governance structures’ (i.e.ankets and organizations) with the last being emdbddn the
institutional environment.



information costs, encourage capital formation aagital mobility, allow risks to be priced and
shared and otherwise facilitate cooperation. [...Joromic development, then, is institutional

development.”

Figure 1: Williamson's four levels of social analyis

Social embeddedness: Institutional Institutional Resource allocation
Informal institutions environment: arrangements: and employment:
Level SRS . "
customs, traditions, Formal rules of the Play of the game Prices, quantities,
norms, religion game incentive alignment
P i Often non-calculativei i Get the institutional i i Get the governance i i Get the marginal i
urpos i and spontaneous i environment right : I structures right 1 conditions right
1 1 1 1
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Constraint R
Feedbac

<
«

Source: Own depiction based on Williamson (200@) siénard (2004)

2.1.2 Alternative theories of the firm

Two alternative streams of research are distingaishithin the field of NIE. One stream focuses on
institutional arrangements (‘micro level’), the etrdeals with the institutional environment in whic
institutions are embedded (‘macro level’). Wherdeesformer is especially interested in the trade-of
among governance modes and provides some insightseainternal structure of institutions such as
firms or contractual agreements, the latter ingaséis the role of laws and formal rules on economic
development and growth as well as on transactistsadf exchange relationships. Major contributions
on the micro level come amongst others from OlW&lliamson, Paul Joskow, Benjamin Klein, Scott
Masten, and Stéphane Saussier; on the macro lemal&s North is one of the most influential
authors. The focus of this thesis lies on (empiritizerature on the optimal choice of vertical
organizational structures. Therefore, the nextisegbrovides an overview on alternative theories
investigating firms’ boundary choices which havevaleped during the last decades under the
umbrella of NIE.

The starting point of a theory explaining vertigagkgration goes back to Adam Smith, who argued in
the 18" century that the division of labor is limited biget extent of the market (Smith, 1776).
According to Stigler's (1951) life cycle theory tbfe firm, emerging industries are characterizec by
small size with the market not being able to supphut, technologies or specialized skills. Witle th
expansion of the industry, tasks can be turned twepecialists. Declining industries in contrasit|
again favor vertical integration with the survivirigm re-appropriating functions. However, this
approach is incomplete as only one cost comportleatcost of production) is considered. Competing

theoretical frameworks within the field of NIE —gpste their differing underlying assumptions — are
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all based on a common starting point: in the abeseasicany transaction costs, contractual choices,
organizations, and institutions are of no inter@stl the way property rights are distributed in an
economy does not impact the way this economy us@ge resources (Coase Theorem). In contrast,
the below introduced approaches explicitly allowrfon-zero transaction costs.

(1) Transaction cost economidsee e.g. Williamson, 1975, 1985, 1993b; Kleinakt 1978)

hypothesizes that the optimal choice of governamepends on the relative costs of alternative

institutional arrangements which in turn dependtioe characteristics of the transaction at stake.
Economic actors are assumed to be characterizedodmwnded rationality and may behave
opportunistically. In a world in which uncertairdfpout the future state of nature is present, cotstra
will remain incomplete and do not account for atispible contingencies. This distinguishes
transaction cost economics from neoclassical ecarspmwhere contracts are assumed to be complete,
probability distributions of all possible future esus are known and all relevant future external
conditions can be considered ex-ante in the caimastage.

As long as there is functioning competition amomgding partners, incomplete contracts are
unproblematic. However, ex-post bilateral depensnas do result from investments in relationship-
specific assets, will generate ex-post exchangeartiaz (e.g., maladaptation, opportunistic
renegotiations). For a discussion of the hold-ubj@m and optimal alignment of different kinds of
transactions to alternative governance structigesSection 2.2.

(2) The_property rights theogeveloped at a time when transaction cost ecorsohad already been

confirmed empirically (see e.g., Grossman and H&86; Hart and Moore, 1990). The reason why
ownership and property rights become importanhés incompleteness of contracts. Grossman and
Hart (1986, p. 691) describe two types of contralctights: Contractible specific rights and non-
contractible residual rights of control which a merifiable by any third party. A firm is limitebly

the assets over which is has contr@he central proposition of the property rights magh argues
that it is optimal to allow one party to purchalse asset when it is too costly to list all spedifghts

in a contract and that the party which is mainkpansible for the return of the asset should ovim it
order to be endued with the residual control rightglications for the real world following Grossma
and Hart (1986), Hart and Moore (1990), Hart (1998)d Salanié (1997) can be summarized as
follows: i) highly complementary assets should bdar joint ownership whereas independent assets
should be separately owned; ii) employees doingl&inmoutine jobs will not have control rights since
their ownership of residual rights would not in@edhe firm’s revenue; iii) control over non-human
assets leads to control over human assets.

Even though both approaches have a similar poirintefest (i.e., the make-or-buy decision), the
property rights theory differs from transaction tcesonomics in its underlying assumptions. It

assumes that economic actors are rational withioyitcagnitive limitations, that the environment is

% Grossman and Hart (1986) do not distinguish betwaenership and control. Employees are treatedhén t
same way as outside contractors if the firm pravialétools and other assets used by the contractor
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characterized by risk about the future state ofineaind that there is symmetric information between
contracting partners but asymmetric informationhvittird parties. Hence, actions and investments of
the parties are observable, but not verifiable. Mg transaction cost economics understands ex-post
haggling over quasi-rents as the principal soufcmefficiency, the property rights theory assumes
efficient bargaining ex-post but non-contractibpedfic investments and investment distortions ex-
ante. Furthermore, property rights models typicalistinguish between upstream and downstream
integration whereas transaction cost economicsstigages only whether successive stages of a value
chain should be unified. See Williamson (2000, @6)6and Saussier and Yvrande-Billon (2007,
pp. 100 ff.) for further details.

Whinston (2001) discusses whether empirical liteeatconfirming transaction cost economics does
deliver any evidence for the property rights theoBredictions of the two approaches differ
substantially. To formulate testable hypothesigiiersecond, numerous information about the trading
environment, in general not documented in trangactost analysis, are necessary. Therefore, existin
empirical studies in general do not provide eviderfor both approaches due to the lack of
information, mainly on the extent of non-contralgimvestments.

(3) On the roots of incentive theory third stream of literature has established, dase the

assumption of asymmetric information between thatrecting parties (see e.g., Laffont and
Martimort, 2002). Within this approach, the firnsetf is not the unit of analysis, but rather the
collection of contracts between owners and manageanagers and employees, the firm and its
customers and suppliers, or a regulator and time. firhe firm is understood as “nexus of a set of
contracting relationships” (Klein, 1999, p. 466)twthe central question being the optimal design of
ex-ante incentive compatible contracts suited tiigatie agency costs in the face of potential advers
selection and moral hazard. The boundary of tme Fere is not the focal subject of attention. This
criticized by Williamson (1991b, p. 274), who argubat “to regard the corporation only as a neXus o
contracts misses much of what is truly distincti®ut this mode of governance.”

(4) From an alternative perspective, numerouslastidiscuss the boundaries of the firm with respect

to its resources and capabilities. The resourceehatew (see e.g., Barney, 1991) has especially

contributed to the field of strategic managemeiam@etitive advantage is supposed to stem from the
possession of unique factors of production and aldiy difficult-to-imitate, difficult-to-transfer
resources. A firm’s specific resources may incladganizational capabilities and routines, manageria
skills, technological and reputational capital. Alue chain of production can be broken down into
various activities. Some activities may be similarthat they draw on the same firm capabilities;
others may be complementary in that they are cdaadewithin the value chain. Richardson (1972,
p. 895) argues in an early paper that “[w]herevéats are both similar and complementary they doul
be coordinated by direction within an individualsmess.” Dissimilarity of activities is supposed to
make integration costly. Asset specificity is priityaregarded as a form of human assets embedded in

firm-specific routines. Accordingly, the resourcaskd view hypothesizes that increased asset
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specificity enhances the governance efficiency mérnal organization rather than decreasing the
efficiency of market exchange.

(5) Other theoretical approaches have concludedniaaket imperfections such as the existence of
market power, barriers to entry, or price discriation favor vertical integration. See Joskow (2005)

for a detailed summary.

2.2 Transaction cost economics: A static concept

Transaction cost economics is a comparative arsadfaidying governance structures under the target
of economizing economic exchanges with respedte¢astim of both production and transaction costs.
Organizational forms are never examined separdtaly always in relation to alternatives. The
transaction, defined as “occur[ing] when a goodewvice is traded across a technologically separabl
interface”, is the basic unit of analysis of trast&mn cost economics (Williamson, 1993b, p. 16)eTh
following paragraphs provide an overview on theotlgs underlying assumptions, the relevance of
transaction costs in exchange relationships anaptienal alignment of transactions which differ in

their attributes to governance modes that diffeh&ir costs and competencies.

2.2.1 The concept of transaction costs: From Coase (1930 Williamson (1975, 1985)

“There was nothing inevitable about my writing THature of the Firm. It came about as a series of
accidents” Ronald Coase stated in 1988, three yeeigre he was awarded the Nobel Prize in
Economics. In fact, Coase, who chose to study eo@®o only because of little interest in
mathematics and a lack of knowledge in Latin, mawie of the most important contributions to New
Institutional Economics.

Coase (1937) criticizes the simplified view of ameomy assumed by most researchers until the first
half of the 28' century. The economic system was understood td Wwgritself without any central
control and supply and demand being coordinated Ilpyice mechanism, i.e., an automatic, totally
elastic and immediately adaptive process. In ti@utd price theory there were no costs but producti
and transportation costs. So when Coase askedfHlisnt naive question” (Langlois et al., 2002,
p. Xii) why there are firms, he could not find amswer in price theory. He was the first economist,
thinking about costs that accompany exchange oelsttips on markets arguing that the neoclassical
picture would be incomplete and not able to exptaim basic questions, namely the existence of firms
and the determinants of firm size.

The first central statement of his article is ttheg “main reason why it is profitable to establisfirm
would seem to be that there is a cost of usingptiee mechanism” (Coase, 1937, p. 389). These
include the costs of discovering relevant priced megotiating and concluding contracts. Hence,dirm
are likely to emerge when contracting becomes tquemrsive. Coase defines the firm based on the
concept of authority as a coordinating device. \Wasron a market agents decide on their exchange

relationships based on relative prices, in a finmeémployer decides on the employees’ activities.
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But what determines the optimal size of the firnihwsize defined as the number of transactions
organized internally? Coase (1937, p. 393) askshyWr by organizing one can eliminate certain
costs and in fact reduce the cost of production tlaere any market transactions at all? Why isafiot
production carried by one big firm?” He specifi@®treasons. First, additional internal costs arise
with every transaction organized within a firm; @ed, the entrepreneur’s capability of making the
best use of production factors decreases. All iatioms improving management efficiency tend to
increase firm size since internal organization andrdination costs are reduced. A firm will tend to
expand until the cost of organizing an extra tratisa within the own hierarchy equals the cost of
carrying out the same transaction on the mark#étecost of organizing it within another firm.

About 30 years Coase’s work attracted little attemtbut with the development of NIE during the
1970s it became one of the most cited articles. élewy Coase (1937) does not discuss the sources of
transaction costs and contractual difficulties.|\hson (1975, 1985) operationalized transactist co
economics focusing on the economic actors’ behavioharacteristics on the one hand and on
transaction attributes on the other. Ménard (2889,points out that “[Williamson] opens the door t

a systematic analysis of alternative modes of gavare” in establishing the relationship between the
sources of contractual hazards and their impac¢herchoice of institutional arrangements. His work
has been widely cited during the last three decféess and Klein, 2009) and has a substantial impac
on recent theoretical developments based on traosamst economics as well as on a huge body of
empirical literature.

Williamson (1975, pp. 20 ff.) develops a framewafkorganizational failure in market exchanges
softening step by step neoclassical economics’ ngssons on behavioral and environmental
characteristics (see Figure 2):

Behavioral assumptionsEconomic individuals are characterized by boundsnality, they are

“intendedly rational, but only limited so” (Simof@961, xxiv)? Bounded rationality involves limited
cognitive competences such as neurophysiologiddifiinpossibility to receive, store, retrieve, and
process all information without any error) and laage limits (individuals are not able to articulate
their knowledge and information clearly to be pettfeunderstood by others). See Selten (1990) for a

discussion on the development of the concept ohded rationality.

Second, economic actors may behave opportunistigaided by considerations of self-interest and
making strategic decisions in a way to achieveralividual advantage (e.g., by lying, cheating, or
calculated distorted disclosure of information).drtypes of opportunistic behavior are distinguished
i) deviations from joint-surplus maximizing withithe terms of an existing agreement and ii)
enforcement of renegotiations and modification@ftcactual terms in the case unexpected changes in

market conditions evolve (hold-up). Woolthuis et(2D05, p. 814) distinguish between a passive form

4 Williamson (1986, pp. 173 f.) later distinguisHestween three levels of rationality: i) strong eatlity (i.e.,
postulated in neoclassical economics with firmsngereduced to production functions, consumers being
characterized by utility functions, institutionskéam as given), ii) semistrong rationality (i.e., ubded
rationality), and iii) weak rationality (i.e., org& rationality relevant within evolutionary appobes).
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of opportunism (lack of dedication in performingthe best of one’s own competences) and an active
form (self-interest seeking with guile as refertedavithin transaction cost economics).

Transaction attributesThere are several exchange hazards that necessdatractual safeguards.
The institutional environment may be characteribgduncertaintyabout the future state of nature
including amongst others price and demand levettiiological innovations, or legal instabilities1 A
increase in uncertainty can originate from two sear more disturbances occur and/or disturbances
become more consequential (Williamson, 1991b, [).2®/ithin exchange relationships, the most
relevant form of uncertainty is behavioral uncergiwhich arises from the difficulty in predicting
actions of the counterparty considering the pod¢fdr opportunistic behavior.

The presence of relationship-specific asswtsisforms an exchange relationship from ex-ante

competition where the identity of the trading pargis irrelevant to an ex-post bilateral depengenc

where the identity of the exchange partner is dfcat importance. Williamson (1986, pp. 184 ff.)

calls this ‘fundamental transformation’. The fregog of transactions will have an impact on the
recovery of investments in relationship-specifiseds (Williamson, 1985, pp. 60 f.). Asset spedifici
thereby refers to “durable investments that areettallen in support of particular transactions, the
opportunity cost [...] is much lower in best alteimatuses or by alternative users should the origina
transaction be prematurely terminated” (Williamsd885, p. 55). The excess value of an asset over
its salvage value is termed ‘quasi-rent’. Six typespecific assets are distinguished:

» Site specificity: Immobile assets are placed irselproximity in order to minimize transportation
or time costs or to benefit from complementarityattages (e.g., the liguefaction plant has to be
close to natural gas fields whereas crude oil exically can be transported to refineries in
downstream countries);

« Physical asset specificity: Assets involving desigaracteristics specific to the transaction having
a lower value in alternative uses (e.g., regasibodfacilities of the first generation were desdn
to receive natural gas from a specific supplierati@rized by a certain quality);

» Dedicated assets: Investments in assets dedicageddrtain trading partner that otherwise would
not be made; they are not redeployable due to iéelinsize of the market for these assets (e.g.,
LNG vessels in the early years of the industry wardered once a long-term sales and purchase
contract was signed and were dedicated to spedifite routes between an export and an import
project);

« Human asset specificity: Human capital evolving tlukearning of individuals and team building
(e.g., only a small number of engineering firmsapable of constructing LNG terminals);

» Intangible assets: Intangible capital such as acormme (e.g., McDonald’s); and

» Temporal specificity (added to the discussion bgiilet al., 1978, p. 301): The threat of a delay
in production or delivery may be an effective bamgey device (e.g., newspaper publishers

generally own presses whereas book publishersrniargedo not).
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In a static market, free of any uncertainty, bouhdationality is irrelevant and an analysis of
transaction costs uninteresting. All contingenaas be specified ex-ante in a complete contingent
claims contract. Bounded rationality will become relevant under iemwmental uncertainty and
complexity which makes periodical contract adaptati necessary. Writing a complete long-term
contract is too costly or not feasible anymore eiricis not possible to specify all contingencies
ex-ante. However, the presence of incomplete ccistrper se would be unproblematic as long as
economic individuals are benevolent. Since thisoaie presumed for the ‘homo oeconomicus’, the
hazard of ex-post opportunistic behavior persiésslong as the exchange can be carried out on a
functioning competitive market, economic agentd dlve no incentive to deviate from joint-surplus
maximizing behavior. However, in situations whendyaa small number of potential trading partners
are available on the market — which is the case gpecific investments are realized — contractimg o

the market will result in high ex-post transactamsts.

Figure 2: Organizational failure framework
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Source: Own depiction

Transaction costs have been described as the “ebstsining the economic system” (Arrow, 1969,
p. 48) or the “equivalent of friction in physicalstems” (Williamson, 1985, p. 19). One distingushe
ex-ante costs (e.g., discovering potential tragiagners and relevant prices, negotiating and nyriti
contracts) from ex-post costs (e.g., costs fromadegbtation, renegotiation, monitoring, and bredch o
contract). The focus of transaction cost econonypscally is on ex-post transaction costs which
become especially relevant under long-term coritrgetnd might exceed ex-ante costs by far.
Summarizing, economic individuals within the franmelv of transaction cost economics are

cognitively less competent due to bounded rationdbut motivationally more complex due to

® ‘Complete contingent claims contracts’ can be #jgekif everything is observable to everyone ahdhe

observable information is also verifiable by thipdrties. One talks about ‘complete contracts’ dréhare
information asymmetries (world of agency theory)d anf ‘incomplete contracts’ if neither everything i
observable to all parties nor the observable iy fidrifiable.
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opportunism in the sense of self-interest seekinth wuile than are those presumed within
neoclassical economics. Therefore, it is essettid[o]rganize transactions so as to economize on
bounded rationality while simultaneously safeguagdthem against the hazards of opportunism”
(Williamson, 1986, p. 177). Williamson (1971, p.2)picks up Coase’s (1937) discussion asking: “if
the costs of operating in competitive markets aeeoz[...] why integrate?” Transaction cost
economics understands the firm as being more thaimple efficiency instrument in the sense of
economies of scale and/or scope or technical congltarities. The firm possesses coordinating
potential. Substituting market exchange by inteorghnization is efficient in the presence of marke
failures (see also Williamson, 1975, pp. 20-40)ariBaction cost economics tries to explain how
trading partners choose, from a set of feasiblétutional arrangements, the governance form that
protects relationship-specific investments at leasts. The following paragraph discusses this so-

called discriminating alignment.

2.2.2 Discriminating alignment

Given that long-term contracts are unavoidably inglete due to bounded rationality and that
contracts as mere promise are not self-enforcing thu opportunism, the question is, which

transactions should be organized under which gewve® modes. NIE focuses on a comparative
institutional analysis. Thereby, the difference westn rather than the absolute magnitude of
transaction costs matters.

Two pole governance structures, market and hieyangth a continuum of hybrid forms in between,

are distinguishetl. Anonymous spot marketsave an advantage over central planning in sdoati

where the price reflects all relevant informatibirms get to specialize in doing what they do laest

innovation is generated by numerous sources. Thesie pole of governance is vertical integration

in the form of backward integration into the supphinputs or forward integration into marketingdan
distribution. Internal organization of successitagss of the value chain is the optimal governance
choice where relationship-specific investments unoheertainty are required. Between the two poles
hybrid forms of governance (e.g., long-term contracts, joinntuees, or partial ownership
arrangements) are settled. Since an economicallgrayable long-term contract is the primary
alternative to vertical integration in order to al@pportunistic behavior, some economists regard
these two organizational structures with indifferenHowever, Klein et al. (1978, p. 302), as other
transaction cost economists, criticize this sinngdifview as having “defined [the] extremely difficu
question [of optimal governance choice] away bylimgla long-term contract a form of vertical
integration.”

As already revealed by Hayek (1945, p. 523), “ecaicoproblems arise always and only in
consequence of change.” Williamson (1991b) undedstaadaptation to unexpected circumstances as

the central economic problem. Thereby, he distsiyggs between inconsequential disturbances

® Other authors use alternative terms such as Blyy,amd make (e.g., Gulati and Nickerson, 2008)ternal
organization’ and ‘firm’ are used as synonyms faetarchy’ in this thesis.
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(adjustment costs would exceed the efficiency gaiahsequential disturbances to which contractual
agreements are adaptable (for example via pricetaiilan provisions), and highly consequential
disturbances (providing incentives for ex-post appasm departing from the original spirit of the
contract).

Governance structures differ in their capacityaspond to exogenous disturbances. Whereas Hayek
(1945) proposes that the price system is a moreiezit mechanism for communicating information
and inducing change as compared to central planBiagnard (1938) highlights adaptation within the
organization. Williamson (1991b) picks up both apivs arguing that the two authors refer to
adaptations of different kinds. There is autonomamlesptation (i.e., the neoclassical economics’ljdea
on the one hand and coordinated adaptation (ieguired within long-term bilateral exchange
relationships) on the other.

The central hypotheses of transaction cost ecormmmiginate from the discriminating alignment
hypothesis according to which “transactions théedin their attributes, are aligned with goveroan
structures, which differ in their costs and competes, in a discriminating (mainly transaction cost
economizing) way” (Williamson, 1991b, p. 277). Tleel of investments in relationship-specific
assets thereby is the most important dimension.

Governance costs for market organizatibf) 6r internal organizationH) increase with the level of
investments in specific asse®. (Since internal organization involves higher laweratic costs as
well as lower internal incentives (changes in asndélg effort have little or no immediate effect lois
compensation assuming a fixed-wage schedule)ntbecept of a hierarchy’s governance cost curve is
higher than that of market organization witt{0) < H(0). Whereas the market supports autonomous
adaptation to unpredictable events, internal omgmn supports coordinated adaptation which
becomes relevant in the presence of bilateral digey (i.e., relationship-specific investments).
Hence, the slopes of the cost curves are charaeteby d(s)/ds > dH(s)/ds > 0. Hybrid governance
forms () are located between market and hierarchy witlpeetsto incentives, adaptability, and
bureaucratic costs witM(0) < L(0) < H(0) and d&/(s)/ds > dL(s)/ds > dH(s)/ds. The choice of the
optimal (i.e., transaction cost economizing) goaece form implies operating on the envelope and
using the market fos < s', hybrid governance modes fet < s < & and internal organization
otherwise (see Figure 3).

A variety of alternative governance modes for simitansactions is most likely to be observed where
the governance form matters least, i.e., for lewflasset specificity near the threshold values. In
contrast, where one governance form has largeatchystintages over the others, the superior altemativ
will tend to dominate. In the short run, misaligntheénay occur, though in the long run, a firm's

governance choice given transaction attributes @g@®es to equilibrium.
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Figure 3: Discriminating alignment
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Table 1 summarizes the attributes of alternativeegmance modes with respect to incentive intensity,
administrative controls and adaptation. The gainsmf coordinated adaptation for internal
organization in the presence of bilateral depengeslationships come at a cost. Decreased incentive
and an increase in agency costs (i.e., inter-orgéinhal opportunism) with an increasing size & th
firm are accompanied by increased bureaucraticcoserefore, “[v]ertical and lateral integratiom a
usefully thought of as organization forms of lassart, to be employed when all else fails”
(Williamson, 1991, p. 279). Internal organizatioifl e the efficient mode of organization only et
presence of both substantial relationship-spetifiestments and environmental uncertainty where the
hazard of post-contractual opportunistic behaviprthe counterparty would otherwise result in ex-
ante under-investment and decreasing overall effai. Asset specificity without uncertainty allows
for the conclusion of complete contingent claimtcacts; uncertainty without asset specificity can b

dealt with in exchanges on competitive markets.

Table 1: Attributes of alternative governance modes

Attribute Market Hybrid Hierarchy
Incentive intensity Strong Semi-strong Weak
Administrative controls Weak Semi-strong Strong
Autonomous adaptation Strong Semi-strong Weak
Coordinated adaptation Weak Semi-strong Strong

Source: Own depiction based on Williamson (19911281)

It has to be pointed out again that the objectivierms is to economize on the sum of both transact
and production costs as is illustrated in Figure 4suxaing a constant output level, the difference in

governance costs between internal organization raatket exchange depending on the level of
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specific investments is defined a’dGC(s) = GG, (s) — GCy (9). If economies of scale and scope are
assumed to be negligible, the decision to integsatzessive stages of the value chain will depend
solely on the difference in governance costs. haleorganization will be the preferred governance
form when asset specificity is high, i.e., whenpest bilateral dependency arises and coordinated
adaptations become necessary.

However, markets are often able to realize econmmifescale and/or scope by aggregating the
demands of various customers. Hence, productiondifierences have to be taken into account. The
production cost difference between internal andketaprocurement of a given output is defined as
APC(s) = PG, (s) —PCu (s). This difference will always be positive and dEages witls. For generic
transactions, the penalty of internal procuremertiige due to forgone scale economies and higher
internal organization costs. With an increasingleof investments in specific assets, the poteofial
economies of outside supply in aggregating demdadeeases antPC(s) converges to zero.

The minimization ofAGC(s) + APC(s) reveals a threshold value of the level of spediiivestments

s*. Economies of aggregation favor market procurenoget a wider range of asset specificity than
would be observed if production cost economies warsent. Since the market always has an
advantage over the firm in production cost respaagical integration will never be economically

reasonable for production cost reasons alone.

Figure 4: Comparative production and governance cds
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Source: Own depiction following Williamson (1985,98)

The investment in specific assets and the additioosts of hierarchical governance forms will be
easier to recover for transactions of a recurrand KWilliamson, 1985, p. 60). Therefore, the
frequency of transactions is understood as theal thiitical dimension determining investment
behavior and governance choice. A firm will be &etible to realize economies of scale as its own

requirements of the respective product or servimeoime larger. For a higher transaction frequency
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APC(s) will fall with AGC(s) remaining unchanged. The critical valuestfwill move to the left.

Hence, larger firms are predicted to be more irtiesgl than smaller firms.

2.3 Transaction cost economics: An empirical successosy?

“[T]heory without evidence is, in the end, just splation” (Masten, 2002, p. 428). Transaction cost
economics often has been referred to as an “erapsicccess story” (e.g., Williamson, 2002, p. 182).
Several literature reviews highlight the increasmgnber of corroborative empirical papers. About
900 studies, including published articles, workjpapers and book chapters, test propositions derived
from transaction cost economics. Most of them séiipe consistent with the theory’s predictions;
investments in relationship-specific assets arentified as the main driver of more hierarchical
governance structures. The following section sunmaarthe historical development of empirical
contributions related to the optimal governanceiahand discusses critically, whether the existing

body of literature provides conclusive supporttfansaction cost economics.

2.3.1 Review on empirical literature

Empirical studies investigating a firm’'s motivatidm choose among alternative governance modes
have a long-standing history. One can distinguistwben quantitative analyses (i.e., based on
econometrics) and qualitative studies (i.e., caseliess), cross-sectional and panel data, papers
investigating the make-or-buy decision and papeterésted in the choice of contractual provisions.
This review cannot present all existing empiricalrkvin the transaction cost economics traditiont, bu
rather summarizes the development of alternatiessels of empirical contributions during the last
three decades and introduces some seminal papers.

The first generation of empirical tests based dramasaction cost framework appeared already during

the early 1980s. At this time, the authors focusedackward integration in manufacturing sectors

with most studies using data on US-based compaMesteverde and Teece (1982a) describe the
phenomenon of ‘quasi vertical integration’, wherdaavnstream firm owns specialized tools that are
used in the upstream production stage. Motivatfonsntegration are flexibility on the one hand (if
the supplier's production is interrupted, tools dsnmoved to another supplier) and avoiding post-
contractual opportunistic behavior on the othettinization results from a linear probability model
using data on 28 input components of a US car caypnghow that the likelihood of integration
increases with the level of quasi-rents at stakastivh (1984) analyzes input procurement in the US
aerospace industry using a dataset of 1,887 compmride shows that the probability of backward
integration is higher for complex and highly spéeed inputs and that the hazards from incomplete
contracting in complex environments increase inpifesence of component design specificity. Further
contributions include amongst others Klein et 4978), Monteverde and Teece (1982b), Walker and
Weber (1984), and Klein (1988).

The second generation of studies investigates fonwdegration into marketing and distribution

products from the manufacturing sector. Andersod &chmittlein (1984), focusing on vertical
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structures in the US electronic component indusinglyze the corporate choice between employing a
sales person (corresponding to market exchangelliaect employee sales people (corresponding to
integration). Estimation results from a logit modblow that the presence of asset specificity, the
difficulty in evaluating performance, and compaigeshave a positive influence on the likelihood of
integration. John and Weitz (1988) analyze forwategration into the distribution stage of indusstri
good manufacturers. Distribution channels are iladsinto direct channels (company employees)
and indirect channels (independent resellers). ditbors show that the likelihood of integration
increases with the level of specific assets andt@mwmental uncertainty. Further contributions irogu
Klein (1989).

Whereas this early literature mainly focused on rttenufacturing sector, later studies also analyze

vertical integration in other industrieShese are for example studies on the make-ordegision in

the rail freight sector (Palay, 1984), in the Caaadorest industry (Globerman and Schwindt, 1986),
in the aluminum and tin industries (Hennart, 1988naval shipbuilding (Masten et al., 1991), ie th
chemical sector (Lieberman, 1991), in bulk shippinarkets (Pirrong, 1993), in the pulp and paper
industry (Ohanian, 1994), in the poultry, egg, amailer industries (Martinez 1999, 2002), in
information services (Poppo and Zenger, 1998; 2@0ert et al., 2004), in the Spanish cotton
industry (Rosés, 2005), in sugar production (Sausoand Kirsten, 2005), or in the global naturad ga
market (Ruester and Neumann, 2009).

Another group of empirical studies is interestedhi@ choice of contractual provisiorkhis literature

started with qualitative discussions of contracsirgictures in the mid-1980s. Mulherin (1986) shows
that specific investments in the US natural gasisty historically have been protected by the use o
complex forms of organization. Whereas prior to 1880s vertical integration from production over
transportation to distribution has been common egowental regulation led to long-term contracts
being the predominant governance form with pipetiampanies buying from producers and reselling
to distributors. Exclusive dealing and take-or-pagvisions served as a mean to protect quasi-egnts
stake and prevent opportunistic behavior by the-ingesting parties. Hubbard and Weiner (1986)
analyze long-term natural gas supply contracts éetmwproducers and pipelines following the phased
deregulation of wellhead prices in the US and dedtheoretical model on the determination of take-
or-pay provisions. They show that wellhead pricéirggs favor long-term contracts which include
non-price contract provisions which increase ttapcers’ total compensation.

A quite substantive body of empirical literaturenaito explain the determinants of contract duration
Joskow’s (1987) seminal work investigating the tieleship between specific investments and
contract duration in the US coal industry showd ttentracting parties make longer commitments
when site specific, physical asset specific or citeid investments occur. Saussier (1999) provides a
empirical study based on the European coal indulisgussing the trade-off between both the costs
and benefits of contracting. Using a dataset comigi 70 contracts for the transportation and

unloading of coal to Electricité de France’s powkmts, he confirms that contract duration reflects
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the desire to minimize transaction costs. Whereaatidn increases with the level of appropriable
quasi-rents at stake in the transaction, it deeseasth the level of uncertainty. Further contribos
include Crocker and Masten (1988), Kerkvliet andaf§hen (2001), Hirschhausen and Neumann
(2008), and Ruester (2009a).

Other studies explore the optimal determinationaldéérnative contractual provisions. Masten and
Crocker (1991) investigate the choice of alterreafivice adaptation clauses in US natural gas supply
contracts. Whereas the presence of uncertaintylégtiawor renegotiation, the presence of high quasi-
rents at stake should support redetermination ekalmsed on pricing formulas which reduce the
frequency of negotiations and therewith the hazdirdpportunistic haggling. Saussier (2000) adds a
new dimension to the discussion, testing the imibge of transaction parameters on the level of
completeness of French coal supply contracts, adtmufor the endogeneity of asset specificity.
Analyzing a sample of 29 contracts he shows thatcthmpleteness of contracts increases with the
level of physical-, site-, dedicated-, and humasetaspecificity and decreases with the level of
uncertainty.

Recent papers pick up the aspect of relationalmavee in the form of implicit, unwritten contraatu
agreements. Using data on outsourcing relationshipgormation services, Poppo and Zenger (2002)
show empirically that formal contracts and relaéilbgovernance function as complements and both
have a positive impact on exchange performance.cohglementarity of contractual and relational
governance is also confirmed by Zheng et al. (20B8jther contributions include Liu et al. (2008),
Nagaoka et al. (2008), and Desrieux et al. (2009).

Other literature — which is not discussed in de@ite — also focuses on other hybrid governance
forms such as inter-firm alliances (e.g., Oxley99p franchise contracts (e.g., Bercovitz, 2004), o
joint ventures (e.g., Richards and Yang, 2007). elmv, as Gulati and Nickerson (2008, p. 690) point
out, there are only few empirical studies addres#nns expanded set of governance modes. Table 2
illustrates the historical development of differaggnerations of empirical literature as discussed
above. Table 3 and 4 in the Appendix provide a sargnon selected empirical papers testing
transaction cost economics’ propositions. Literattgviews are also provided by Klein (2004) and
Macher and Richman (2006).
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Table 2: Development of empirical literature

Period > 1975 > 1980 > 1985 > 1990 > 1995 >2000 20065
c
.% Backward integration in manufacturing sector
'g (e.g., Klein et al, 1978; Monteverde and Teece2a%hd b; Masten 1984)
©
=) Forward integration in manufacturing sector
'g (e.g., Anderson and Schmittlein, 1984; John anda)V&®88)
)
< Back-/forward integration in non-manufacturing isthies
= (e.g., Globerman et al., 1986; Lieberman, 1991; diaa, 1994)

Qualitative discussion of contracting structure
(e.g., Mulherin, 1986; Hubbert and Weiner, 1986)

Econometric analyses (EA) explaining contract darat
(e.g., Joskow, 1987; Crocker and Masten, 1988; ky@A94)

EA explaining other contractual provisions
(e.g., Masten and Crocker, 1991)

EA explaining
contractual completeness
(e.g., Saussier, 2000)

Contractual provisions

EA investigating
relational governance
(e.g., Poppo/Zenger, 2002)

Source: Own depiction

2.3.2 Limitations of existing empirical literature

At first glance, transaction cost economics in fs@¢ms to be an empirical success story. However,
the existing body of empirical literature suffersrh a number of shortcomings: i) a part of the istsid

is not fully consistent with propositions developeithin transaction cost theory; ii) in some cases,
imperfect proxies for key variables are employéil;the endogeneity of right-hand side variables
often is ignored; and iv) most analyses are basagduced form models and therefore cannot test for

the theory’s propositions directly.

2.3.2.1 Inconsistency with hypotheses derived from transaiin cost theory

As is also highlighted in Carter and Hodgson (2006)y few empirical studies provide unambiguous
support for the hypotheses derived from transaatast theory. Most of the studies do not test for a
three transaction attributes, i.e., relationshipe#fir investments, uncertainty, and frequency of
transactions. This is also mirrored by the abowsg@nted sample of empirical papers; most of those
focus on asset specificity and uncertainty, igrptime frequency of transactions within the exchange
relationship. Furthermore, few studies exploreittieraction effects among transaction cost vargble

and other potentially relevant factors (e.g., dpeaivestments in the presence of uncertaintysoAl
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contractual provisions such as contracted voluraairact duration, and price adaptation clauses are
chosen simultaneously and can be expected to attertn one another.

Whereas empirical findings generally provide breagbport for the positive relationship between
specific investments and the likelihood of morerdwehical governance forms, this is not always the
case for other transaction attributes. AndersonSuofunittlein (1984), for example, testing the intpac
of transaction frequency on forward integration rau find any support for the predicted positive
impact. Macher and Richman (2008, p. 7) justifiatllgim that a “greater theoretical and empirical
treatment of frequency is [...] required.”

In addition, numerous empirical studies investiggtihe effect of environmental uncertainty on
governance choice present non-significant and emhiguous results (e.g., Crocker and Masten,
1988; Heide and John, 1990; Masten and Crockerl)1%9ein et al. (1990, p. 206) argue that their
study “raises more questions than it answers” figdi positive impact of uncertainty in the form of
volatility in environmental conditions and a negatimpact of uncertainty in the form of diversity i
uncertainty sources on vertical integration. KIEI889) argues that the effect of uncertainty depend
on its dimension. He shows that whereas unprediityabas a negative impact on vertical control,
complexity has a positive impact. Therefore, futemepirical studies should split external uncergaint
into its components, investigate the opposing &fead determine which dimensions of uncertainty

are relevant for the respective transaction.

2.3.2.2 Measurement difficulties

Of the transaction attributes that have been exadnampirically, the level of relationship-specific
investments is argued to be the most importantrei@tent of governance choice (see e.g., Klein,
1999; Macher and Richman, 2008). However, thisaldei at the same time is argued to be the most
difficult to measure. Proxy variables in genera aonstructed using secondary data sources and,
therefore, are often only very rough approximatiofighe respective theoretical construct. Typical
proxies include the level of investment costs (jdalsasset specificity, e.g., Lieberman 1991),
worker-specific knowledge (human asset specificityy., Monteverde and Teece, 1982b), the
complexity of components (physical asset spedificit.g., Masten, 1984), locational proximity of
exchange partners (site specificity, e.g., Josk®87), quantities dedicated to the trading partner
(dedicated asset specificity, e.g., Saussier, 198@) percentage of input capacity satisfied by the
counterpart (dedicated asset specificity, e.g.,kWit and Shrogren, 2001), or a ranking of the
importance of having an input on schedule (tempspacificity, e.g., Masten et al., 1991). Often,
these right-hand-side variables are constructeddban ordinal — and even binary — rankings which
limit the comparability of the variables acrossdeis.

Environmental uncertainty is generally referredib@anticipated changes in circumstances surrounding
an exchange. Among the proxy variables employed tlagevolatility of prices indicating price
uncertainty (e.g., Masten and Crocker, 1991), tilmemies indicating more or less uncertain periods

(e.g., Saussier, 1999), rankings of uncertaintyceaning future demand (e.g., Athias and Saussier,
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2007), rankings of general environmental unceryaif@.g., John and Weitz, 1988), rankings of
technological requirements’ unpredictability (elgeide and John, 1990), or rankings evaluating the
exchange partner’'s performance indicating behalviongertainty (e.g., Anderson and Schmittlein,
1984). As discussed above, empirical evidenceheritpact of different dimensions of uncertainty
on optimal governance choice is mixed.

Furthermore, a number of studies obtain data freendontracting parties themselves using surveys
and interviews with key informantsOn the one hand, this has the advantage thaet®archers can
specify survey questions in a way measuring theakibes of interest for their analyses which
otherwise generally are not publicly available (e.gpecificity of an investment, exchange
performance, reliability of the exchange partndc,)e On the other hand, however, this has the
disadvantage that the received information maydset on the respondents’ subjective beliefs rather
than on objective valuations. In addition, the gualf survey data may suffer from the respondents’
difficulties in understanding the question: Mast{@®96, pp. 48 f.), for example, argues that the
difference between asset specificity (i.e., noreptolyability) and specialized assets (e.g., equigme
that only can produce a single product) often isahear and underline this presumption reporting ve
low correlations between two respondents’ evaluatiof the level of asset specificity of input

component in naval shipbuilding.

2.3.2.3 Endogeneity of right-hand-side variables

Variables affecting governance choice and contedctiesign often are themselves endogenous
variables. This applies amongst others for thellef/gpecific investments, the contracted volume in
long-term supply agreements, or contractual corapkgs. These variables are chosen simultaneously
with and dependent on the governance form. Howéitgine binding constraint here is not technique
but data availability” (Masten and Saussier, 2000232). Instrumental variables are difficult to
identify and researchers often lack access to ewittontracts so that they have no information on
contractual provisions such as price adaptatiaeegotiation clauses.

Therefore, endogeneity is a serious problem in ec@tric studies testing theories of the fitiBven
though some authors account for this issue (egusSer 1999, 2000), there is a huge body of
empirical literature ignoring the endogeneity ajhtrhand-side variables. Hamilton and Nickerson

(2003, p. 53) found that “of the 421 empirical pappublished in the Strategic Management Journal

" Among empirical studies using survey data are Asmre and Schmittlein (1984), Walker and Weber (1984
John and Weitz (1988), Klein (1989), Masten et(2B91), Lyons (1994, 1995), Zaheer and Venkatraman
(1995), Zaheer et al. (1998), Saussier (1999), @appl Zenger (2002), Gulati and Nickerson (2008), Gulati
and Sytch (2008).

® Endogeneity of a right-hand-side variable occuiemvthe respective regressor is not orthogonaheoetror
term, i.e.,CouX, U # 0. Simple one-stage estimation procedures suadbrdisary least squares will lead to
biased estimates; two-stage instrumental variab&snation is required. For further details on exuatric
procedures see the empirical applications in Chamand 6.
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(out of 601) between January, 1990, and Decemb@d]l,2[...] only 27 papers [...] explicitly

econometrically correct for potential endogenetpaerns.”

2.3.2.4 Tests based on reduced form models

Since an efficient outcome would be achieved urater governance form in the absence of any
transaction costs, an explanation of the existefedternative institutional arrangements must tomn

a comparison of the costs of governing the trarmacinder alternative modes of organization. One

can formalize Coase’s (1937) discussion as

G* =

{GA if C*<C?®
(2-1)

G® if CA>C"®

where G* represents the chosen governance fo@fi; and G indicate alternative modes of
organization (such as spot market versus interng&rozation) andC* and C® are the costs of
governing the transaction under the correspondiggrozational alternatives. However, it is very
difficult or even impossible to measure (ex-posthsaction costs. Furthermore, transaction codys on
can be observed for actually chosen governancesforrtinot for the alternative. Williamson’s (1975,
1985) major contribution to the theoretical distoissvas the identification of transaction attrilsite
that influence the transaction costs of alternatorganizational arrangements, which can be
formalized a<C" = f(X, &) andC® = f(X, €®) with

Ch=axX +e"
(2-2)

CP® =pX +¢€°
assuming linear relationshipX.represents a vector of observable transactioibatiss,« and g are
vectors of parameters, aed ande® capture unobserved factors such as omitted vasalblecision
maker misperceptions about the true values of &G costs, and measurement errors. Even though
transaction costs themselves are not observabtapbte propositions can be derived by analyzing how
transaction attributes affect the relative costssfitutional alternatives. The probability of epging

governance modé” equals

PG+ =G*)=Prc* <C®)=Pre* -€® <(B-a)X) (2-3)
The impact of exogenous variabl®¥son optimal governance choice then depends on itre of
(8 — o). According to Williamson’s transaction cost ecomies, the likelihood of more hierarchical

governance modes will increase with the quasi-ranhtstake (i.e., the level of relationship-specific
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investments), with the level of uncertainty and ptexity of the transaction, and with transaction
frequency.

First generation empirical tests predict exactlis ttlifferential effect by applying discrete choice
models such as probit or logit specifications with chosen governance form (typically make versus
buy) defined as a binary dependent variable (&pnteverde and Teece, 1982b; Masten, 1984,
Lieberman, 1991) and transaction attributes as aglh number of control variables as explanatory
variables. Later studies also extend these modefsultinomial settings (e.g., Masten and Crocker,
1991) or parameterize the governance form as dncants variable, such as the degree of vertical
integration (e.g., Ohanian, 1994; Rosés, 2005). édmny estimation results of such reduced form
models cannot say anything about the respectivassif the single coefficients but calculate
coefficients in the form of - a)/c with ¢ being the standard deviation of the differencéheferror
terms € and €®. This variance negatively correlates with the iyabf the decision maker's
perceptions. The less precise the manager’s ei@uat the performance of alternative governance
modes, the higher will be and the lower will be the estimated effect of aagenous attribute on the
probability of choosing a particular governance mod

The estimation of differential effects implies tlgasignificant number of studies can be reintegaret
in terms of other theories of the firm. Howeverjeaiative approaches not always predict
complementary but in some cases also rival pradpasiton the impact of exogenous factors on
governance choice. This shall be illustrated comgaheoretical discussions coming from transaction
cost economics with those deduced from the resehamsed view of the firm. Whereas both
approaches predict increasing transaction costshenmarket under increasing asset specificity,
transaction cost economics hypothesizes that tcinsacosts within the firm increase, too, even
though to a lower extend — whereas the resourcedb@sw argues that transaction costs of internal

organization decrease with specific human asseésKgure 5).

Figure 5: Rival propositions on the impact of assespecificity on transaction costs
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According to the resource-based view, increased anumsset specificity may generate shared
language, knowledge, and routines that enhancefticeency of coordination (see Poppo and Zenger,
1998, pp. 853 f.). Alternatively, skilled workersaynrequire less monitoring (Masten et al. 2001,
p. 19). Hence, we should test fgr{ a) > 0 with (8 >« > 0) to test for transaction cost economics and
for (- a) > 0 with #> 0) and ¢ < 0) to test for the resource-based view. Estimgatnly the
differential effect does not allow for differenirag between these rival hypotheses.

Similar reduced form tests are conducted in ordeinvestigate the optimal duration of long-term
agreements. Starting with the discrete choice proldeveloped above, exchange partners will choose
to contract if the expected gains from doing soeexkcthe expected gains from organizing the
transaction in another waya* = G if V° >\ with V° and \V° measuring the net gains from
contracting and not contracting respectively. Thwice of optimal contract duration can be
understood as a series of discrete choices in wihielexchange partners decide whether or not to

contract for an additional period. This can be falined as

max V°(r)+V°(T - 1) (2-4)

with 7 indicating contract duration, indicating the potential duration of the exchamgktionship,
V() representing the cumulative value of exchangesuttte contract, and’(T —z) being the value

of trade in periods not covered by the contracte Tinst order condition yields optimal contract
durationz* with V°'(z*) = V?(z*). Since the costs (i.e., the hazard of being bomrath agreement not
reflecting market realities) and benefits (i.e.piding repeated negotiations) of contracting for an
additional period are not observable, the valuexathange under contracting and respectively not
contracting are related to observable transactimibatesX with V' = f(r, X, &) andV®' = f(¢, X, €).

Assuming linear relationships:

V@=aq,+ar+a,X +e°

(2-5)
Vo= B, + BT+ B X +¢€°

with the error terms capturing unobserved factbrem Equation (2-5) one can derive the optimal

contract duration being determined by

r*:yo+le+v (2'6)

with y, = (l[”o _ao)/(al _131)1 Vi= (132 _az)/(al _:31)1 andv = (eo _ec)/(a,l _:81)

Existing empirical literature generally predictedl differential effects instead of testing for the

structural form propositions derived from theory.
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2.4 Recent trends in transaction cost economics

Even though “there is considerable support for mahythe central tenets of [transaction cost
economics]” (Macher and Richman, 2008, p. i), rede&rs have continued to develop and improve
the theory. The following paragraphs introduce néteends in the theoretical discussion as welhas

empirical testing.

2.4.1 From a static to a dynamic concept

Transaction cost economics in its basic form isaticsconcept taking the institutional environmast
given. This has been a major point of criticismiia New Institutional Economics literature. In 1991
Oliver Williamson therefore introduced the so calihift parameter framework, an extension of the
transaction cost economics model investigating hlogv optimal choice of governance changes in
response to dynamics in the institutional environtn€hanges in exogenous parameters will shift the
relative costs of alternative governance structares therefore, will have an impact on the optimal
alignment of transactions to institutional arrangets. Shift parameters shall be used to indicate
institutional differences between alternative margettings (such as developed versus developing
countries) and will influence the predictions ab@rainsaction costs and governance choice in each
environment. Hence, the influences of both tramsactcharacteristics and the institutional
environment on governance choice are analyzedi@iifion, 1991b).

Empirical work testing Williamson’s shift paramet&amework is rather scarce. Oxley (1999)
analyzes the impact of intellectual property protec on the structure of inter-firm technology
transfer alliances linking US and non-US firms. Berand Williamson (1999) investigate the concept
of shift parameters for national and multinatiofiahs focusing on the impact of weak (respectively
strong) property rights and on the stability of ttaat law on governance choice (e.g., partnership
between the foreign and a host-country firm). Gat Nickerson (2008) discuss the impact of inter-
organizational trust on governance choice and #réopnance of exchange relationships in the US
auto industry. For a formalization of the shift giaeter framework and an application to the global

liquefied natural gas market see Chapter 4.

2.4.2 Linking alternative theories of the firm

As early as in the mid-1980s, Williamson (19862@0) argued that “[tJransaction cost economics is
[...] in need of refinement. [...] it needs to be jaineith other approaches to the study of economic
process. | am confident that developments of batkhskwill be forthcoming and that the evolving
theory of economic organization will be deepened asnsequence.” In recent years, several authors
have started to develop theoretical approaches ioambalternative theories of the firm. The general
consensus is that “managers are well advised tptaaonultidisciplinary approach to strategy to
ensure their firms’ survival” (Silverman et al.,918 p. 31).

To link transaction cost economics with the fiefdstrategic management has first been proposed by

Day and Klein (1987) who discuss the determinahister-firm cooperations along value chains from
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both a market failure and a strategic managemeptoaph. Rumelt et al. (1991, p. 14) highlight
“[transaction cost economics’] affinity with strgie management.” Both approaches are interested in
organizational structures and institutional detsilsh as particular contract provisions.

The so called positioning-economizing perspectinallly has been introduced by Nickerson (1997).
He develops an extension of the basic transactishmodel transforming Williamson’s theory from
an ‘economizing theory of organization’ that focsism the discriminative alignment of transactions
to institutional arrangements into an ‘economiZingory of strategy’. Nickerson argues that decision
regarding market position, resource investmentd, gmvernance mode are interdependent and are
determined simultaneously. A target market posii®supported by a resource profile that in turn
determines the organizational choice of a firm. &§hand John (1999) develop a similar model
starting with traditional transaction cost econanlinking transaction attributes to governance msode
and then add positioning (i.e., the target markagitipn) as well as resources (i.e., scarce and
imperfectly mobile skills, assets, or capabilitieAfcording to this approach, two firms in the same
market may choose varying governance forms in omlealign these to the respective external and
internal conditions depending on their strategy.

Empirical literature testing hypotheses derivedrirthe positioning-economizing perspective is very
rare. The first application has been provided bgkBison et al. (2001) analyzing the international
courier and small packages service in Japan. Farraalization of the positioning-economizing

perspective and an application to the global ligpcehatural gas market see Chapter 5.

2.4.3 Structural form tests: The two-stage Heckman model

The majority of empirical tests is based on reddioech models where the probability of observing a
certain governance form depends on transactionbatis (i.e., asset specificity, uncertainty,
transaction frequency). Such studies, howeverabdish correlations, not causal relations” (Klein,
2004, p. 25); they provide no basis to test fancdtiral relations derived from alternative theowés
the firm and leave open the question what the cofstaisalignment are. Since in some cases rival
explanations for certain correlations between eroge variables and the governance form would be
viable (e.g., transaction cost economics versusures-based view), there is an obvious need fts tes
that can discriminate between alternative integtiens. In order to conduct stronger tests of
transaction cost propositions, measures of traiogactosts or other performance indicators are
needed.

There is an extensive literature finding mixed hsstor the relationship between measures of firm
performance and governance choice. However, thad@s simply regress a performance measure
on an indicator of the governance fo@rand a vector of exogenous variablewith z; = oG; + X +¢

and interpret the estimated parameteas the contribution of governance choice to peréoice
(Masten, 2002). But they fail to account for thetféhat managers make strategic decisions, such as
the organizational structure, not randomly but eatthecide based on the expectations on how their

choices affect future performance and self-seleitt ihe strategy where they expect a competitive
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advantage. Therefore, this literature ends up amsgvéhe question: ‘What is the difference in the
performance of firms that adopt a certain govereaftrm and of those adopting an alternative
institutional arrangement?’ In contrast, from ansaction cost perspective, the crucial questioh tha
should be addressed is: ‘Whatuld have beethe performance level if the transactor had chalsen
alternative governance form?’

The Heckman model is a two-stage estimation in whesults from a first regression explaining the
selection decision (e.g., governance choice) agd tes control for selection bias in the structdicain
performance equations. Suppose a simple model avitlet of strategies (e.g., make versus buy)
G = (G°, GY and the corresponding performance outcomesz’, z*). Transaction cost economics is
interested in the difference between the performameder the chosen governance form and the
performance under the alternative, namely what Hamiand Nickerson (2003, p. 60) call the
‘strategy effect’7z' — 77°. The question is, what would have been the pedooa outcome under the
alternative, not chosen, governance form’E8') and E¢'| S), respectively.

Governance choice is modeled as a continuous lat@mable G* and depends on the expected

performance differencer - 77°, on exogenous variablés affecting governance choice but not the

performance outcome, and on some unobserved factors
G =y -m°)+ &z +v, with G, =1if G >0 and zero otherwise.  (2-7)

The parametey measures the extent to which the impact of styateg performance itself affects
strategy choice. Since we only observe the perfoomaoutcome under the chosen alternative, we

have to substitute the performance levels usirig= 8'X; +€' and 77’ = B°X, +€° and get the

reduced form model

G =pX, +& +w withw, = yl& -e°)+v, andB= (B -B°).  (2-8)

Heckman (1979) showed that under the assumptiaig'the’ andv are jointly normally distributed

and that unobservables fof are uncorrelated with unobservables fgrthat

Ele!ct)= Eleljc* > 0)=-aidX, B+ Z,5]I O[X, B+ 2,6] = oL
(2-9)

E(e,O\GO) = E(e”|c* <0)= 02 X, B+ 28]/ ®[X, B+ 2,0] = 02 °

with ¢ being the normal density functiod,being the cumulative normal distributionbeing referred

to as the inverse Mills ratios, and the parametduesf andé estimated from Equation (2-8). The

sample-selection corrected performance equaticars ¢an be estimated using ordinary least squares
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(OLS), including the inverse Mills ratios as an éddal regressor. The inclusion of the inversel#il
ratios leads to expected values of the error texqueling zero by construction; OLS estimation will

deliver unbiased estimates for the parameters of
7= BX, ~atdX, B+2,8|| o|x, B +2,6]+e 2.10)
m = B°X; +o, q{x B+Z, 5]/(1—q>[x B+Z, 5])

As discussed in Hamilton and Nickerson (2003, ppff§, the parameter estimates of the inverse
Mills ratios in fact have an interesting interpteta. The expected performance outcome for firms

having adopteds® is given by E(nﬁ‘el)zﬁlxi -g'At. Since the inverse Mills ratio always has a
positive value,g’ <0 implies that E(nﬁ‘el)> B*X, and that a positive selection into the strategy
occurs; i.e., firms having chos@t actually have performance outcomes above averager tthis
strategy selection. Similarlyg? >0 implies that|5(;ri°‘(3°)>ﬁoxi and indicates a positive selection
of firms into G°. Summarizing, if we observe both! <0 and ¢° >0, we have a situation of

competitive advantage. Each firm has chosen thategly where it maximizes its expected
performance. Whew! = g° =0 strategy choice is exogenous.
The estimated parameters from Equation (2-10) éunttore can be used to construct the strategy

effects and calculate the gain in performance zedlby having chosen a certain governance f@&m (

for the first equation o&° for the second equation) instead of the altereg@®f or G, respectively):

u u

et - l6° X )=, (8- )+ o - ot

E(ﬂl—ﬂD‘G ,Xi)=xi(,3 -B )"'(_U To (2-11)

For an extension of the two-stage Heckman modesitioations in which numerous alternative
strategies (e.g., make versus long-term contrasugebuy) are possible, see Hamilton and Nickerson
(2003, pp. 68 ff.).

There is only a small number of studies that temidaction cost economics’ predictions based on
structural form equations and that therefore cgplieate the costs associated with failing to align
transactions and governance forms in a transacti@h economizing way and test for hypotheses
derived from rival theories of the firm, but “[wjeould like to know how much we lose by going from
the best to the next best” (Joskow, 1991, p. 81).

Masten et al. (1991) investigate organizationali@an the US naval shipbuilding industry. Using
survey data, they are able to construct a meaguhe @overnance costs of internal organizatiaa,(i.
the number of hours devoted by the managementatinpig, directing, and supervising a particular

component or process times the average hourly waigg. The authors provide dollar estimates of
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transaction costs based on a two-stage Heckmanl|raaodeshow that organizational misalignment
would lead to substantial cost increases of 175%eifinternally made items in the sample would have
been subcontracted and of 72% if subcontractedsiteauld have been produced within the respective
firm. This implicates that changes in legal ruleattfavor one governance form can have significant
efficiency implications. For the first-stage esttinoa Masten et al. confirm transaction cost thesry’
predictions showing that internal organization ierenlikely the higher temporal and human asset
specificity are. They find a non-monotonic effedt aomplexity on the probability of vertical
integration; the deficiencies of contracting seemeixceed the administrative costs of internal
organization only for very complex components. Lalidensity has a positive and engineering
intensity a negative effect on the integration dieci. For the second-stage estimation, they
furthermore show that contrary to transaction egstnomics’ predictions, an increase in human asset
specificity will decreasehe costs of internal organization suggesting thest less costly to manage
employees with more specific skills.

Developing a model of comparative institutionalfpenance, Poppo and Zenger (1998) examine the
make-or-buy decision in information services arsd #dternative theories of the firm (e.g., traniarct
cost theory, resource-based view, agency theorsindJsurvey data, they measure overall exchange
performance (considering production and transactosts) via proxy variables that rank the
satisfaction with overall costs, the quality of tbatput, and the responsiveness to problems or
inquiries. The first-stage estimation results stibat the presence of firm-specific assets encosrage
internal procurement whereas outsourcing of a send more likely if extensive technological skills
are required. The second-stage equations indibateasset specificity has a negative effect on firm
performance under outsourcing but no significafiéatfon performance of internal organization.
Measurement difficulty has a negative impact ondberall costs. Furthermore, uncertainty seems to
have no effect on boundary choice in the informmats@rvices industry. Summarizing, this paper
provides broad support for transaction cost ecoosrand refutes rival hypotheses concerning the
impact of asset specificity on the performance uttegration derived from the resource-based view
of the firm.

Leiblein et al. (2002) analyze firms’ decision tatgource production in the global semiconductor
industry and quantify the impact of governance chain technological performance (measured as a
function of transistor density). In the first stedpbey show that firms tend to internalize productio
when ex-ante small number bargaining with potergigbpliers is severe. Furthermore, confirming
transaction cost economics, they find that outsogris less likely when firms have to invest in
specific assets under high demand uncertaintymiasitin results of the second stage support the
assumption that firms self-select into the stratetygre they expect a higher performance. Deviation
from the optimal governance mode with respect éodtttributes of the transaction will have a negativ

impact on performance. Average expected performarmédd decrease by about 45% if firms that
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internalized production would rely on outsourcimypected performance for observations showing
outsourcing would decrease by about 30% if thosealave integrated.

Sampson (2004) examines the costs of misalignedrgawnce in the context of R&D alliances in the
telecommunications equipment industry. Thereby, diséinguishes between excessive contracting
hazards in an alliance not safeguarding ex-postrdppism and excessive bureaucracy in an alliance
providing too much hierarchical structures. Shewshdhat firms choose a more hierarchical
governance mode when alliance activities are mamaptex (specification and monitoring are
expected to be difficult) and when only weak exaérprotections for intellectual property are
available. Furthermore, she finds support for taatien cost economics’ structural form hypotheses.
If the alliance form is selected according to tiheadry’s propositions, firm performance (measured vi
firm patents for a specified period after the alti@) improves substantially. Misalignment will
decrease performance by more than 60%. Interegtinglsalignment costs occur inhomogenously;
governance misalignments imposing excessive buraeyic reduce performance more than
misalignments imposing excessive contracting hazard

Ruester and Zschille (2009) investigate the impécfovernance structure on firm performance using
a database of German water supply companies. Basedfirst OLS model, they find that private
sector participation as opposed to pure publiciserprovision is accompanied with higher retail
prices. Controlling for scale economies as well tashnical and structural characteristics, a
representative household on average pays 18.40 gepe more if water is supplied under private
sector participation. Estimation results of a twage Heckman model indicate, however, that
governance choice seems to be an exogenous vafi@ofe the supplier's perspective. In fact,
outsourcing decisions are taken by local publichexties and need not always be driven by

economical but also by political considerations.

2.4.4 Relational contracting

During the past decade, researchers came up witincaeasing interest in relational institutional
arrangements since traditional transaction cosh@oics may overstate the desirability of complex
long-term contracts and vertical integration intextge settings where a substantial hold-up potentia
is present. Close relationships between exchangaeepa allow to enact relational contracts and to
obtain first best outcomes that would not be adtia/through explicit contracts alone.

Relational (or implicit) contracts are informal agments between two parties — within the firm
(between employer and employee) or between firnestifally or horizontally) — which are not
enforceable by any third party such as a courtyTdieumvent the limitations of formal contracting
in helping to respond to unforeseen contingencigsducing a supplier to provide informally agreed
optimal product or service quality when transactastributes are not verifiable ex-post. Exchange

partners may choose to rely on a less completeamnh order to avoid contractual rigidities, lewy
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out certain elements of intended performance ungpgécand enforcing these terms instead by a
private enforcement mechanish.

Since relational contracts are not verifiable estpthey have to be self-enforcing; the value ef th
future relationship must be sufficiently large thaither party wishes to renege. Mechanisms through
which relational governance attenuates exchangartiszcan be both economic (monetary cost-
benefit calculus) and sociological (based on son@ms and developed social ties). Exchange
partners compare the short-term gain with the kemgy disadvantages of breaching the contract,
including the future loss due to the terminationtioé relationship plus the potential damage in
reputation. The self-enforcing range measures #iene to which market conditions can change
without providing one of the parties an incentieehiold-up the other, but where the parties will
perform in a way consistent with the mutually urstieod contractual intent (Klein, 1996). Relational
contracting increasingly is becoming the subjecstofdy in theoretical and applied literature. The
following paragraphs introduce a number of seleetezinplary contributions.

Focusing on a setting where actions are unobseraimral hazard) and outcomes are observable but
not verifiable (non-contractibility), Baker et §R002) develop repeated-game models investigating
why and how relational contracts within firms diffeom those between firms. Amongst others, they
formally show that vertical integration is an eiiat response to widely varying supply prices since
integration reduces the incentives to renegotiat#ract terms in such settings.

Poppo and Zenger (2002) focus on relational goveraman the form of relational norms such as trust
between the exchange partners and point out thrtamiual enforcement within relational contracts
occurs through social processes that promote nofiiexibility (facilitating adaptation to unforeea
events), solidarity (facilitating problem solvingnd information sharing (facilitating both problem
solving and adaptation). Using survey data on autsng relationships in information services, they
find that formal contracts and relational goverrefiunction as complements. Well-specified contracts
may support more cooperative exchange relationgtiigge same time that relational governance may
help to overcome the limitations of incomplete cadats in the sense that there exists a bilateral
commitment to ‘keep-on-with-it' also for situatiomghere market conditions change unexpectedly.
Second, the authors show that both relational g@rere and contractual complexity deliver higher

levels of satisfaction with exchange performandee Tomplementarity of contractual and relational

° An illustrative example of a rigid contract resgf in unexpected ex-post hold-up is the FisheryBoGeneral
Motors case study often cited in transaction cibstature: In 1919, General Motors signed a contvéth its
supplier Fisher Body over the delivery of closedtaheautomobile bodies. Fisher Body had to make a
relationship-specific investment in stamping maekiwhich resulted in a significant hazard that G&ndotors
could hold-up Fisher Body, once the investment vesdized. Therefore, the exchange partners condlade
long-term contract including a ten-year exclusiwalthg clause and setting the price equal to Fifluaty’'s
variable costs plus 17.6%. However, the demand afaiomobiles increased enormously and the altered
environmental conditions permitted the suppliethtdd-up its customer. Fisher Body took advantagehef
contract and rejected to invest in cost-decreasieinologies or to locate its production facilitieleser to
General Motors’ assembly plant. General Motors dombt switch to an alternative supplier because the
company had agreed to purchase bodies exclusively fFisher Body. As this case illustrates, once an
agreement is formalized in a written contractaiticot cheaply be breached if unanticipated chaogas in the
market.
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governance is also confirmed by Zheng et al. (208i8tussing two case studies of long-term
arrangements in the form of public-private parthgrs.

Liu et al. (2008) study the role of contractual arthtional mechanisms in manufacturer-distributor
relationships in the Chinese household appliancristny. Estimation results of a multivariate
regression show that written contracts and relatignvernance in the form of mutual norms and trust
are complements in that opportunism is restrainedeneffectively and exchange performance is
improved when both mechanisms operate simultangottkiwever, they do not account for the
impact of relational norms on thdegreeof contractual complexity but only regard whetlzy
contract is used to govern the relationship. Chiaptaf this thesis adds to this discussion an dogdir
study investigating the impact of inter-organizatibtrust on the choice of more or less hierardhica
governance modes.

Nagaoka et al. (2008) assess the determinantsvefigance choice extending the traditional decision
between make and buy introducing as a third chibiegorocurement from an affiliated supplier. This
typically Japanese type of strategic alliance, asited keiretsu, is a form of relational contragti
Using survey data on Japanese car manufacturerheindcomponent supply, the authors find that an
increasing level of design specificity of a compainenakes keiretsu sourcing preferred to market
procurement, but does not significantly affect pinebability of vertical integration over keiretsthis
result suggests that relational contracting caecéffely mitigate the hold-up risk associated with
specific investments.

Gil and Marion (2009) examine the impact of relasibips between contractors and subcontractors in
the Californian highway construction market on lmggl auction participation, and subcontractor
choice. Amongst others, they show that a biggeckstf past relationships between the same
exchange partners results in lower bids (i.e.,ciaiig lower coordination costs) and that a higher
number of potential future interactions resultdawer bids, too (i.e., indicating a higher value of
continuing the exchange relationship). Furthermpesst relationships seem to have only a negligible
impact in the absence of any self-enforcement nméshreof future business.

Desrieux et al. (2009) seek to explain why locabljpuauthorities tend to bundle the provision of
alternative services to private operators instdacbotracting every service separately. In a fitsip,

the authors develop a model based on the incompbetigacts literature. A public authority decides t
contract out the management of two services whosmniractible investments (i.e., innovative
efforts) have different impacts on social bendfit pne service, a cost reducing innovation wilda
an adverse effect on service quality). The key timess whether the choice to bundle the two
services to one private operator has a consequamaelational mechanisms (i.e., non-verifiable
informal dealings in the form of promises about@ementary money transfer). The model shows that
in a static framework, the presence of relatiomalegnance as well as the decision to bundle seyvice
are irrelevant. However, in a repeated game framiewmindling can force the private operator to

respect informal dealings; immediate gains fromabheng the contract are traded-off against future
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costs. The model is tested using data on the Fresmatér sector. Consistent with the predictions, the
authors find that if the provision of water and teawater services is under the responsibility @f th

same private operator, water prices are lower (fiawontrolled for possible scale and scope
economies). Based on their theoretical model, tamyue that bundling should help sustaining

relational contracts and provides incentives ferc¢hntracting parties to improve efficiency.

2.5 Summary and conclusions

Under the assumption that economic individualscir@acterized by bounded rationality and might
behave opportunistically, once relationship-spedifivestments have been realized, transaction cost
economics aims to align transactions that diffethigir attributes to governance modes that diffier i
their costs and competencies in an optimal way.elped during the 1970s and 1980s, transaction
cost economics motivated a huge body of empiritadature. The studies typically seem to confirm
the theory’s predictions; investments in relatiops$pecific assets are identified as the main drofe
more hierarchical organizational forms. Howevelisiixg empirical literature suffers from a number
of limitations. Not all analyses are entirely catsnt with the theory’s propositions, regularly,
imperfect proxies for key variables are employed,éndogeneity of right-hand-side variables ofsen i
ignored, and most analyses are based on redugeddets.

Several theoretical advancements have been proposedent years. Williamson (1991b) introduces
the shift parameter framework investigating how thgimal choice of governance changes in
response to dynamics in the institutional environmélickerson (1997) develops the positioning-
economizing perspective linking transaction costneenics with the strategic management literature.
Structural form tests employing two-stage Heckmarefs account for the self-selection of managers
into a certain strategy (i.e., organizational foramd succeed in testing for rival propositions loa t
relationship between exogenous variables and egehperformance derived from alternative theories
of the firm (e.g., Poppo and Zenger, 1998). Furttoee, researchers increasingly are interested in
relational institutional arrangements (e.g., Gill &harion, 2009).

Chapters 4 to 6 of this thesis pick up severahefdbove discussed limitations of existing emplirica
work testing for transaction cost economics’ prédits and recent developments thereof using data
on the global LNG market. First, the impact of indeganizational trust as a shift parameter on the
choice of more hierarchical governance modes iestigated. Second, an empirical test of the
positioning-economizing perspective is providedirdhoptimal contract duration of long-term LNG
supply contracts is analyzed accounting for theetaff between contracting costs and flexibility.

Contract duration as well as contracted volumeetimeare considered as endogenous variables.
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2.6 Appendix

Table 3: Selected empirical studies testing transéon cost economics: Make or buy

Authors/Year | Sector/Unit of Method Dependent variables Main independent | Main findings
analysis variables
Klein et al. US auto sector (Fisher Qualitative discussion  Vertical integration along Hold-up potential by Vertical integration is more likely when hold-uptential (i.e.,
(1978) Body and GM), successive stages of the | exchange partner quasi-rents from firm-specific investments) is &rg
petroleum industry value chain
Globerman Technology-intensive| Qualitative discussion| Backward integration into Uncertainty, The more complex, uncertain, and specialized thewvation,
(1980) industries (focus on research and development complexity, transaction{ the more complex will be the governance structure.

telecommunication,
defense, IT)

specific investments

Competitive bidding only feasible when technolognsfer is
amenable to fairly precise performance and feature
specifications.

Monteverde and
Teece (1982a)

US auto sector

Linear probability
model

Vertical quasi integration
(downstream firm owns
specialized tools used in
upstream production)

Asset specificity

Positive relationship betweenrappable quasi-rents and the
occurrence of quasi integration.

Monteverde and
Teece (1982b)

US auto sector

Probit model

Backward integratiga i
component supply

Human assets

Engineering effort is positively eglab appropriable quasi-
rent.

The higher the appropriable quasi-rent, the grehtelikelihood
of vertical integration.

Masten (1984)

US aerospace indus

try  Probit model

terral versus external
procurement of supplies

Design and site
specificity, complexity
of item

Probability of internal procurement is higher fontplex and
highly specialized inputs.

Hazard of incomplete contract in complex environtaés
greater when specific designs are involved.

Walker and US auto sector Multiple-indicator Backward integration into | Volume and The higher the supplier production cost advanthgeriore
Weber (1984) structural equation supply of simple technological likely is external procurement; the competitivenetsupplier
model (unweighted components uncertainty, specificity, | market increases production cost advantage of mupver
least squares) supplier production cost buyers.
advantage N S L
9 Volume uncertainty increases the likelihood of gmgion.
Palay (1984)* Rail freight industry Qualitative digssion | Vertical structures betweeh Asset specificity As investment characteristicsdmee more transaction-specific,

and some statistics

rail freight carriers and
their shippers

the associated institutional structure becomesasingly
unique to the parties and transactions it supports.
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Authors/Year | Sector/Unit of Method Dependent variables Main independent | Main findings
analysis variables
Anderson and US electronic Logit model Forward integration into | Specificity, uncertainty | Asset specificity, the difficulty in evaluating permance, and
Schmittlein component industry marketing (environmental unpre- | company size all have a positive influence on itkedihood of
(1984)* dictability, difficulty of | forward integration.
evaluating performance
Joskow (1985) US coal-burning Quialitative discussion|  Vertical structure betweerSpecificity (site, Empirical results consistent with transaction @sinomics;

power plants

coal supplier and power
plant (i.e., spot market,
vertical integration, or
long-term contract)

physical asset,
dedicated), uncertainty
and complexity

e.g. vertical integration or very long and comgiexg-term
contracts are used for mine-mouth plants.

Globerman and

Canadian forest

Qualitative discussion|

Backward integration of

Dedicated asset

Transactional considerations, particularly assetisigity, prove

Schwindt (1986)| products forest product companies | specificity to be robust empirical determinants of governatreesires.
into ownership of timber
rights

Klein (1988) US auto sector (FisherQualitative discussion| Backward integration of | Hold-up potential by Vertical integration will be used when hold-up putal (i.e.,

Body and GM)

General Motors into the
supply of car bodies

exchange partner

quasi-rents from firm-specific investments) is &rg

Hennart (1988)

Aluminum and tin
industries

Qualitative discussion|

Upstream vertical
integration

Number of actual or
potential parties at each
stage, level of quasi-
rents, uncertainty

Scale economies, barriers to entry, higher tranafpion costs,
and greater asset specificity explain a higherekegf upstream
integration.

John and Weitz
(1988)*

Industrial good
manufacturers

Multiple regression
and multinomial logit
models

Forward integration into
distribution

Specificity,
environmental and
behavioral uncertainty

The higher the level of specific assets and thhédrithe level of
uncertainty, the higher the likelihood of forwarddgration.

Klein (1989)*

Canadian exporting
firms

Multiple regression

Degree of vertical contro|
exerted by a firm in its
export channel

Specificity, uncertainty
(complexity/dynamism)
transaction frequency

The higher asset specificity, frequency, and uadas (i.e.,
complexity) the higher will be the degree of veaticontrol.

Uncertainty (i.e., dynamism) has a negative effect.

Lieberman
(1991)

US chemical sector

Logit model

Backward integration

Specificity, supplier
concentration, demand
variability measures

The likelihood of integration increases with asgecificity.

Backward integration to avoid variability in thepint market
that is independent of fluctuations in own dowrestnemarket
(assuring stable supplies).
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Authors/Year | Sector/Unit of Method Dependent variables Main independent | Main findings
analysis variables
Masten, Naval shipbuilding Two-stage self Backward integration into | Specificity (physical, Temporal and human asset specificity have a pesitipact on

Meehan, Snyder
(1991)*

sector

selection model

input component supply

human, temporal),
complexity, similarity
of the transactions

the likelihood of vertical integration.

Non-monotonic effect of complexity (for simple coaments
increases in complexity make it less likely thaidarction is
internalized; for more complex components positmpact).

Integration is more likely for more labor-intensized less
engineering-intensive activities.

Contrary to expectations, human asset specifig/dnegative
impact on transaction costs suggesting that work&tsmore
specific skills are less costly to manage.

Pirrong (1993)

Bulk shipping marke

S

Qualitativedatission

Contracting practices an
vertical integration

i Differences in
exogenous factors (e.g.
market structure, vesse
specialization)

Whereas spot contracts are chosen in the abseiacs of
bilateral dependency relationship, forward congace
employed when significant temporal specificity sserved.

In a specialized shipping market where both temzord
contractual specificities are present, long-termticets or
vertical integration are observed.

Ohanian (1994)

US pulp and paper

Logit and tobit

Likelihood and degree of

Market concentration,

With rising small number bargaining problem andheig

industry 1900-1940 | models vertical integration of pulp| controls such as firm investments in specific assets the likelihood fonell as the
and paper production size level of vertical integration increase.
Lyons (1995)* UK mechanical Logit models Backward integration intg Specificity (specialized | The probability of buying-in specialised inputdigher if the

engineering, motor
vehicle, electronics,
and metal processing
industries

input procurement

equipment necessary fq
input production),
economies of scale and
scope

rproduction technology is non-specific, but onlyhiére are
economies of scale or scope.

The effect of economies of scale and scope is meaticed in
the presence of specific assets.

Poppo and
Zenger (1998)*

Information services

Two-stage Heckman
model

Outsourcing (dummy,
percentage)

Asset specificity,
measurement difficulty,
technological
uncertainty, economies
of scale

1% stage probit: The presence of firm-specific assetourages
internalization whereas outsourcing more likelgxtensive
skills are required.

2" stage: Asset specificity has a negative effeanarket
performance and no clear effect on firm performance
measurement difficulty has a negative impact orrallveosts.

Martinez (1999)

US pork and broiler
industry

Qualitative discussion

Contracting practices an
vertical integration

dTransaction cost
variables

Observed vertical structures in the pork and braildustry are
consistent with transaction cost economics’ préafict
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Authors/Year

Sector/Unit of
analysis

Method

Dependent variables

Main independent
variables

Main findings

Simoens and
Scott (1999)

UK primary care
sector

Qualitative discussion|
and literature review

Vertical and horizontal
integration

Transaction cost
variables

Economic and non-economic theories of integratieralevant
and applicable to explain integration in primaryeca

Gonzalez et al.
(1999)

Spanish construction
industry

OLS, fixed effects
panel data approach

Subcontracting

Specificity, uncertainty
geographical dispersion
output variety,
technological
specialization

, As specificity is higher, firms tend to subcontriss. The
, opposite happens when output heterogeneity andsinef
intangible assets and capabilities increase.

Neither temporary shortage of capacity nor geogcaph
dispersion of activities seem to affect the ext#nt
subcontracting. Proxies for uncertainty do not slaow clear
effect.

Fan (2000) Petrochemical Multivariate Vertical integration (input | Specificity, price Input price uncertainty in the 1970s positivelyeated the
industry regression self-sufficiency ratio) uncertainty extent of backward integration. This positive reatbf vertical
integration to price uncertainty mainly occursransactions
subject to asset specificity.
Vernimmen et Belgian agriculture Probit model Outsourcing of Complexity, The complexity of the task and uncertainty regagdire

al. (2000)

sector

administration

uncertainty, transaction
frequency

outcome have a high impact on the decision to outso

Larger firms tend to outsource more administration.

Martinez (2002)

US poultry, egg, and
pork industries

Qualitative discussion|

Contracting practices an
vertical integration

dTransaction cost

variables

Observed vertical structures are consistent withsaction cost
economics’ predictions.

Leiblein et al. Global semiconductor; Two-stage Heckman | Outsourcing of production| Ex-ante number of 1% stage: Firms tend to internalize production whermete
(2002) industry models technological performance suppliers, asset small number bargaining with potential suppliersésere.
specificity, uncertainty | Outsourcing is less likely when the firms haverteeist in
of product demand specific assets under high demand uncertainty.
2" stage: Firms self-select into the strategy whieeg expect a
higher performance.
Aubert et al. IT outsourcing Partial least squares Level of outtsing Asset specificity, Uncertainty is the major deterrent to outsourcimlgile the level
(2004)* uncertainty, required of technical skills is the most important reasolutsource.

business and technical
skills

Business skills do not seem to play a significatg;rasset
specificity showed inconsistent effects.

Sampson (2004)

R&D alliances in the
international
telecommunications
equipment industry

Two-stage Heckman
model

Alliance type (pooling
contract vs. equity joint
venture), firm innovative
performance

Contracting difficulties,
alliance characteristics,
strength of intellectual
property regime

Misaligned governance dampens firm performance.
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Authors/Year

Sector/Unit of
analysis

Method

Dependent variables

Main independent
variables

Main findings

Rosés (2005)

Spanish cotton

Logit and tobit

Likelihood and degree of

Market concentration,

The likelihood as well as the level of verticaldgtation

industry 1720-1860 | models vertical integration of asset specificity, firm increase with higher specificity and a higher smainbers
cotton spinning and size bargaining problem.
weaving production
Acemoglu et al. | Numerous industries | OLS Degree of vertical Contracting costs, credit Firms are more integrated in countries with greatertracting
(2005) worldwide integration market development, | costs, greater credit market imperfections, andtgrebarriers to
barriers to entry entry.
Countries with worse contracting institutions amelager credit
market imperfections are more concentrated in imghssthat
are typically characterized by strong vertical guigion.
Sartorius and Southern African Case study Outsourcing of sugarcaneTransaction frequency, | Sugarcane production should not be outsourcedaltiuer co-

Kirsten (2005)*

sugar production

production to small-scale
farmers

asset specificity,
uncertainty

ordinated by a more relational structure such stsategic
alliance.

Makholm (2006)

US natural gas
industry

Qualitative discussion|

Vertical integration
between pipelines,
production, and
distribution

Asset specificity,
regulatory actions

Until 1935, no federal regulation and a high degreeertical
integration — consistent with transaction cost ecoics due to
the high level of asset specificity.

After 1935, vertical separation of pipelines andgderm take-
or-pay contracts between producers and pipelinspipelines
re-selling the gas to distributors.

Since 1985, functioning market for pipeline capawiith well
defined property rights and transparency over price

Spekle et al. Auditing activities in | OLS Proportion of outsourcing| Specificity, frequency, | Firm-specific knowledge and frequency (influencegl by firm
(2007) Dutch companies of auditing activities environmental and size) positively influence internal auditing.
behavioral uncertaint . . . .
y Uncertainty has no impact on the outsourcing degisi
Gil (2007) Spanish movie OLS, two-stage least | Share of vertically Renegotiation Movies renegotiated ex-post more often are mosdylito be
industry squares integrated companies frequency, movie distributed by integrated distributors.
release in the US, Hence, integrated distributors specialize in mothes are
Spanish origin of the | contractually more complex and use their own theateore
movie often for those of their movies that are contraltyuaore
complex.
Bigelow and US auto industry Probit models Make or buy of the engineSpecificity, number of | Asset specificity associated with an engine wasaated with

Argyres (2008)

1917-1933

for each of its models

suppliers, firm's
industry experience

a greater likelihood that the engine would be poedu
internally.

41



Authors/Year

Sector/Unit of
analysis

Method

Dependent variables

Main independent
variables

Main findings

Nagaoka et al.

Japanese automobile

Multinomial logit

Choice between vertical

Design specificity,

An increasing level of design specificity of a campnt makes

(2008)* manufacturers integration, relational interdependency in keiretsu sourcing preferred to market procuremamntdoes not
contracting (keiretsu) or | design of this and other| significantly affect the probability of verticaltegration over
market sourcing components, testability | keiretsu.

of qualit . L
g y The interdependency of components has a positipadtron the
likelihood that more hierarchical governance foans chosen.

Fernandez- Spanish wine industry  Ordered logit models Marlexsus hybrid Physical and dedicated| The probability of vertical integration increaseigmasset

Olmos et al. versus hierarchy asset specificity, specificity and uncertainty.

(2008) behavioral and environ-

mental uncertainty, firm
size, product quality

Wineries that produce high-quality wines are mddely to
vertically integrate.

*... based on survey data
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Table 4: Selected empirical studies testing transéon cost economics: Contractual provisions

Authors/Year

Sector/Unit of
analysis

Method

Dependent variables

Main independent
variables

Main findings

Mulherin (1986)

US natural gas
industry

Qualitative discussion

Development of vertical
structures 1920s to mid-
20" century

Vulnerability to
opportunistic behavior

Potential for opportunistic behavior created byciglezed assets
has induced the use of complex, long-term contracts

Hubbert and
Weiner (1986)

US natural gas
industry

Qualitative discussion
with some descriptive
statistics

Contractual structure

Phased deregulation
wellhead prices in the
us

oDerive a theoretical model on the determinatiota&é-or-pay
provisions. Wellhead price ceilings favor long-tecantracts
which include non-price contract provisions sucltake-or-pay
clauses increasing the producers’ total compensatio

Joskow (1987)

US coal industry

OLS and maximum
likelihood models

- Contract duration

Site, physical asset, 4
dedicated specificity

n@ontracting parties make longer commitments whei§ip,
investments occur.

Crocker and
Masten (1988)

US natural gas sector

Tobit model, OLS,
two-stage least

Take-or-pay percentage,
contract duration

Uncertainty, number of
potential traders to

Confirm the trade-off between the costs of repebtedaining
in the presence of relationship-specific investraamtd the

squares capture quasi-rent, hazard of being bound to an inflexible long-termeagnent.
regulatory actions . - . -

9 y Show theoretically and empirically that distortians
performance incentives raise the costs of long-tgneements
and therefore shorten contract duration.

Masten and US natural gas sector Probit and Processes by which partigs Specificity, price No significant results for transaction cost vargshl

Crocker (1991)

multinomial probit
models

adjust prices in long-term

contracts (renegotiation vs.

redetermination)

uncertainty

With increasing contract duration, the probabitifyadopting
renegotiations increases as expected; negativéorehip
between price and quantity flexibility as expected.

Lyons (1994)*

UK engineering firm

Probit model

Fahcontract

Vulnerability to
opportunistic behavior,
complexity

The probability of using formal contracts increagith the
vulnerability to opportunistic behavior whereadétreases with
the complexity of the transaction.

Saussier Electricité de France’'s OLS, two-stage least | Contract duration Specificity (physical, | Whereas contract duration increases with the lefvel

(1999)** coal supply squares site, dedicated, human| appropriable quasi-rents at stake, it decreasésthét level of
assets), uncertainty uncertainty.

Saussier Electricité de France’s OLS, ordered probit, | Contractual completeness| Specificity (physical| Whereas contractual completeness increases witleubeof

(2000)** coal supply and two-stage modelg site, dedicated, human| appropriable quasi-rents at stake, it decreasésthét level of

assets), uncertainty

uncertainty.
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Authors/Year | Sector/Unit of Method Dependent variables Main independent | Main findings
analysis variables
Kerkvliet and US coal supply oLSs Contract duration Specificity (physical, | Positive relationship between physically specifieastments

Shrogren (2001)

contracts to power
plants in Powder
River Basin

site, dedicated assets),
trading and market
experience

and contract duration but counterintuitive resaitipact of
dedicated asset specificity.

Duration decreases with rising trading and markpegence.

Poppo and
Zenger (2002)*

Information services

Three-stage least
squares model
correcting for self-
selection into
outsourcing

Contractual complexity
and relational governance
exchange performance

Exchange performance
, relational governance
index, contractual
complexity, asset
specificity,
measurement difficulty,
technological change

Increases in the level of relational governanceaasociated
with greater levels of contractual complexity.

Both relational governance and contractual compledeliver
higher levels of satisfaction with exchange perfance.

Lépez-Bayon
and Gonzélez-
Diaz (2004)*

Spanish electronics
industry

Logit and multinomial
logit models

Contract duration of
subcontracting agreement

Product specificity,

stechnological and

demand uncertainty

Probability of signing an indefinite duration caat is related
positively to the specificity of the activity anegatively to the
uncertainty regarding future demand and to the etegof
formalization of the contract.

Indefinite duration contracts (working as relatibwantracts)
improve flexibility for adjusting the relationshtp the changing
environment.

Zylbersztajn and
Lazzarini (2005)

Technology licensing
contracts between
seed companies and
governmental R&D
organization in Brazil

Hazard rate models

1574

Contract survival

Quasi-rentmitaring
costs, past performanc
environmental stability

Rates of contract termination decrease with thel lef,quasi-
b rents at stake, decrease as a function of pasfestry

outcomes, increase with the extent of disturbaaffesting the

technology’s demand, and increase over time.

Brickley et al Franchise contracts OLS and ordered | Contract duration, change| Total investments, Contract duration increases with the franchisebisjzal and

(2006) probit models in contract duration training requirements, | human capital investments, recontracting coststlamd
contract renewal franchisor’s experience in franchising (arguedambgatively
restrictions related to uncertainty about optimal contract psmns).

Athias and International Ordered logit and Contractual rigidity Uncertainty (future Develop a model combining property rights theorgt ACE.

Saussier infrastructure two-stage ordered demand, costs, difficult . . .

(2007)** concession contracts | logit models to predict future), The higher demand uncertainty, the more flexibétdil

reputation

adjustment provisions will be. Reputation has aatieg effect
on the level of rigidity.
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Authors/Year | Sector/Unit of Method Dependent variables Main independent | Main findings
analysis variables
Liu et al. Chinese household Multivariate Relationship between Specific investments, | Contracts are more effective in restraining oppastn while
(2008)* appliance industry regression formal and relational relational norms, trust, | relational mechanisms are more powerful in imprgvin
contracts exchange performance| performance.

Written contracts and relational governance inftine of
mutual norms and trust are complements.

Hirschhausen World natural gas oLSs Contract duration Specificity, market Contract duration decreases as the market struetalges to

and Neumann
(2008)

market

restructuring

more competitive regimes.

Investments linked to specific infrastructures @ase contract
duration by an average of three years.

Ruester (2009)

World liquefied
natural gas market

Two-stage least

squares, GMM

Contract duration, annual
contracted volume

Specificity, uncertainty,
transaction frequency

The higher asset the longer is contract durationti@ contrary,
the need for flexibility in today's ‘second genéoat LNG
market supports shorter-term agreements.

When firms have experience in bilateral tradingytcact
duration decreases.

Countries with a greater dependence on importsarfdrm of
LNG tend to negotiate longer agreements. Deliveaes
competitive downstream markets are realized vidraots with
about 2.5 to three years shorter duration.

Kozhevnikova
and Lange
(2009)

US coal industry

Tobit model

Contract duration

Asgecificity,
contractual complete-
ness, regulatory
reforms

Larger quantities and spatial closeness of plamiswaines lead
to longer contracts.

Contract completeness has no impact on the duratioa it is
controlled for endogeneity.

The railroad reform, which decreased transportata@sis, had a
negative effect on contract duration.

based on survey data
authors had access to complete contracts

45



3 Dynamics in the Liquefied Natural Gas Industry

3.1 Introduction

Natural gas accounts for about 24% of world primamgrgy supply. It is mainly employed for power
production, for industrial uses as well as for meaand cooking in the residential sector. In 2008,
27% of the total production of 3,018 billion culneters (bcm) have been traded internationally. LNG
thereby accounted for 28% (227 bcm) of the expogad (BP, 2009). The International Energy
Agency (IEA) forecasts that natural gas will plakey role in the global energy picture also in the
future, even though the pace of demand growthasiiically depend on climate policy actions. In the
IEA reference scenario, global gas demand increages average of 1.5% per year until 2030 with
the power sector remaining the largest driver of damand (IEA, 2009b, p. 368)LNG is expected

to continue to gain in importance since it enalihestransportation of natural gas over long distanc
and often becomes the fuel of choice in cases whpgreline sources are limited (e.g., Japan or
Portugal) and where supply sources and trade rahedsbe diversified (e.g., Spain or Greece).

During the last decade, the LNG industry alterdastantially. Traded volumes increased by an annual
average of 7% from 2000 on. New players enteredrthiket and new trading patterns evolved. On
the one hand, vertical and horizontal integratiamenbecome more common with oil and gas majors
investing in a portfolio of LNG export, transpaatid import capacities which enables flexible trades
On the other hand, new business models of nonsiaiieg emerged. Long-term contracts with a
duration of more than 20 years co-exist with shenn agreements. Recent developments of
unconventional gas resources change the globalyspjgiure. The current economic crisis entails
short-term overcapacities in the global LNG expoarket and supports the development of a buyers’
market at least for the mid-term future. The sualf incumbents and new entrants strongly depends
on their ability to operate economically.

The heterogeneity of transactions in terms of vayyievels of relationship-specific investments,
external uncertainty, downstream competition, agpethdence on natural gas imports in the form of
LNG of buying countries should be matched by amdite in governance forms such as varying levels
of vertical integration and varying characterisérsl durations of supply contracts. For these regso
the LNG industry seems to be particularly well-edito test propositions derived from transaction
cost economics. This chapter provides an overviewymamics in the LNG industry from a technical
and an economic perspective as well as with redpemtrporate behavior and qualitatively discusses
observed vertical structures before Chapters 4don@luct econometric tests based on transactidn cos

economics and recent developments thereof.

9 This increase in natural gas demand is fosteree@rbyronmental motivations. Natural gas entails dow
specific CQ emissions as compared to coal or oil. Improveméantthe technology of combined cycle gas
turbine power plants furthermore allow for natugas being employed for mid- and base-load elettrici
generation. The average yearly increase in wondashel for the period from 1990 to 2008 was 2.4%.Sgere
19 in the Appendix for an illustration of the demainent of world natural gas demand.
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3.2 The LNG industry

3.2.1 LNG value chain

Prior to the development of the LNG technology, trensportation of natural gas was limited to
destinations that could be served by pipeline. Tdueefaction of natural gas enables transport over
long distances as well as between regions wheredhstruction of pipelines is not feasible due to
difficult geographic conditions. Whereas transptiiota of natural gas in the form of LNG requires
very capital-intensive upfront investments, vamabbsts increase less with shipping distance thian f
pipelines. Break-even of offshore pipeline and Li&hsport is achieved at about 2,500 km (Jensen,
2009b, p. 7).

Figure 6 depicts the five stages of the LNG valtaim. Following exploration and production
(stage 1), the raw feed gas is transported vialipgdo liquefaction facilities. After removing
impurities and separating heavier hydrocarbonss itooled to minus 160°C under atmospheric
pressure in so called liquefaction trains and &irito about 1/600 of its volume (stage 2). This
energy-intensive process consumes about 12% aftbening gas. The liquefied gas is transported to
the destination country using tankers equipped wittomplex insulation system essential to keep the
gas liquid during shipment (stage 3). Gas boiliffgtbroughout the journey (0.15% of the cargo
volume per day) can be used to fuel the ship. Ugmoival, tankers are off-loaded to terminals that
reconvert the LNG to its original state of aggreégavia heat exchangers where again up to 1% of the
incoming gas is used as a fuel (stage 4). Findily,gas is fed into the destination country’s pipel
grid, traded and sold to marketers, distributorspower producers, or stored for future demand
(stage 5).

To investigate the LNG industry from an economicspective, the five stages of the value chain
should be considered together. In general, thectstrei of export and import projects is largely
predetermined by exogenous factors and therefeie bieyond the control of individual players.
Exploration and production of natural gas are diyetinked to the liquefaction projects whose
ownership structures in many cases are determiryedalional oil and gas companies. On the
downstream end, national infrastructure, marketamgl distribution systems are often in place before
import terminal construction. Therefore, this as#&yconcentrates on the three successive stages of

upstream, midstream, and downstream activities.

Figure 6: LNG value chain

Exploration & Sales or

Production Liguefaction

Regasification

Storage

Upstream Midstream Downstream

Source: Own depiction
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Transportation infrastructure is a substantial eleirlinking exporting and importing projects. In
contrast to oil shipping, vessels for LNG trans@og very capital-intensive and therefore tradaityn
have been dedicated assets for specific routeseldooider extensive long-term contracts. However,
an increasing number of vessels for uncommittedetra@e now in the order books of shipyards and
will reduce dedicated asset specificity.

Investment costs within the five stages vary sigaiitly. Exploration and production including gas
processing and transportation from the field tolitpeefaction facility account for 15-20% of thddb
costs of the LNG value chain; liquefaction inclugligas treatment, cooling, loading and storage for
30-45%; shipping for 10-30%; and regasificationluding unloading and storage for 15-25%
(EIA, 2003, p. 42). Exact figures depend on ttstattice, traded volumes, and local conditions sach a
construction costs.

During the period from the mid-1990s to about 2a@&ts along the whole value chain were declining
(see e.g., EIA, 2003; Cornot-Gandolphe, 2005; Bn€igarter Secretariat, 2008) which supported the
rapid expansion of the LNG sector and a gener@lusidsm with respect to future growth potentials.
This was mainly driven by technological advanced #me realization of economies of scale in
liquefaction, shipping, and storage. Fuel effickeno liquefaction and regasification could be
improved using higher-efficiency gas turbines. @apacities and redundancies have been reduced.
Whereas the first liquefaction trains (Arzew in Afg) had a capacity of 0.3 mtpa, today, train ait
capacity of 4 mtpa are common and Qatar recentiypbeted its first ‘mega-trains’ including 7.8 mtpa
units. See Figure 7 for an illustration of the depenent of average liquefaction train siEEonomies

of scale of two 4 mtpa trains reduce liquefactiost®f an 8 mtpa greenfield project with four 2 entp
units by nearly 30%. An increase to one 7.8 mtpi leads to an additional 20% cost reduction
(Jensen, 2003, p. 31). Average investment codtéréeh about 550 USD/mtpa in the early years of
the industry to 350 USD/mtpa in the 1980s, 250 W@P4 in the late 1990s, and 200 USD/mtpa in
the early 2000s (Cornot-Gandolphe, 2005, p. 8).

Figure 7: Development of average liquefaction trairsize by start-up year
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Tanker financing and construction schedules havefiied from new manufacturing techniques and
more shipyards that can build LNG vessels. Typuegsel size today is in the range of 120,000 to
180,000 cubic meters (m3). Building costs for steadd_-NG tankers have decreased from about 280
million USD in the mid-1980s to 155 million USD the early 2000s (EIA, 2003, p. 42). In November
2007, the first super-size tankers with a capaaiyve 210,000 m3 have been delivered (see Figure 20
in the Appendix). These ships benefit from lowerrage transport costs; however, there are
restrictions concerning potential destination fties since only a number of ports can handle these
vessels. Small-size LNG carriers are employed ipada where intra-country LNG transport
compensates for the lack of a nationwide transonissystem.

In the mid-2000s, the trend of falling costs reedrglue to rising raw material prices (such as steel
nickel — a critical component for cryogenic storageks and piping) and the large demand for LNG
facility construction. There are only four companigontracting for engineering, procurement and
construction of LNG plants and the contractor mafies become increasingly tight during the last
years, when significant investments along the LN{Bu® chain have been realized. The number of
liguefaction trains simultaneously under constiuttincreased from an average of eight during the
1990s to twelve in the early 2000s and to 16 ferghriod from 2005 to 2008 (IEA, 2009b, p. 451).
Table 5 provides a summary of cost estimates ave. fThe initial decrease and following re-increase

in recent years are also mirrored by the datasest s empirical tests in this thesis (see Figyre 8

Table 5: Development of costs along the LNG valuéain

Cost of Cost of Capex as of Cost of Capex as of Cost of
service early | service early 2006 service as of 2009 service as of
1990s 2000s 2006 2009
[USD/MBTU] | [USD/MBTU] [bn USD] [USD/MBTU] [bn USD] [USD/MBTU]

Source
Trade route

Cornot-Gandolphe (2005):
Deliveries from Middle East ta

Jensen (2006):
Two 4 mtpa trains, Nigeria

Jensen (2009b):
Two 4 mtpa trains, Nigeria

Europe to US Gulf coast to US Gulf coast
E&P 0.5-0.8 0.5-0.8 1.6 0.80 3.0 1.00
Liquefaction 1.3-1.4 1.0-1.1 1.6 0.94 4.3 2.15
Shipping 1.2-1.3 0.9-1.0 2.0 0.99 2.1 1.23
Regasification 0.5-0.6 0.4-0.5 0.6 0.38 1.1 0.70
Total 3.5-4.1 2.8-34 5.8 3.11 10.5 5.08
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Figure 8: Development of per unit costs of liquefa@n and regasification projects
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A number of projects have suffered from cost owesrand construction delays during the last years:
e.g., for Indonesia’s 7.6 mtpa Tangguh projectl&month delay in the final investment decision led
to a cost increase from 1.4 to 1.8 billion USD. Fhessian Sakhalin 1l and Norway’s Snovhit projects
have experienced huge cost overruns which mighiaigrbe caused by the Arctic environment.

Snovhit furthermore suffered from technical faisignd ran at only 55% of nominal capacity from its
commissioning in 2007 and was shut down again 0820r an additional maintenance. Cost overruns
and delays also have been reported for Yemen LNGtlaa large-scale trains at Qatargas IV and V

(all still under construction).

3.2.2 Development of the LNG industry

Converting natural gas to LNG for transportationtlgker has been utilized for more than 40 years,
but the industry achieved a remarkable level obgldrade only recently. Since 1964, the technology
of natural gas liquefaction enables commercialgpant in tankers with the first deliveries having
been dedicated from Algeria to the UKTransport remained expensive and natural gas msarke
stayed regional in nature until the 1990s.

The North American market including the US, Canadd Mexico traditionally has been highly self-
sufficient with substantial domestic productionalhthree countries and some intra-regional pigelin
trade. The US opened its first LNG receiving temhim 1971 to import additional volumes from
Algeria. However, due to a surplus in domestic $appin the mid-1980s two of the four import
terminals (i.e., Elba Island and Cove Point) hagerbmothballed in 1985 and contracts with the
Algerian Sonatrach were terminated before theiiciaff end. In Europe, indigenous natural gas
supplies and imports via pipeline were availablenet demand and LNG capacities grew relatively

slowly. Spain opened its first LNG import terminal 1969, Italy and France followed in 1971 and

" The UK imported LNG from 1964 to 1982. With theowing natural gas production in the North Sea,
however, imports had been stopped, the UK becanet exporter of natural gas and the regasificaaoility at
Canvey Island was dismantled.

50



1972, respectively. In contrast, traditional PacBasin natural gas importers such as Japan, South
Korea or Taiwan lack domestic supplies and are meybe reach of any pipeline sources. They are

highly dependent on imports in the form of LNG ahmminated the LNG industry during its first
decades (see Figure 9).

Figure 9: Development of natural gas imports of thevorld’s major importing regions
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Source: Own depiction based on data from BP StatlsReviews of World Energy (1990-2009)

During this early stage, most of the world’'s LNGper infrastructure remained under state control
and private or foreign companies were involved omith minority shares. Inflexible bilateral long-
term contracts with take-or-pay and destinatiorusés secured the capital-intensive infrastructure
investments and reliable supplies for import-depemndbuyers (see Section 3.4 for a detailed
discussion of the development of contracting stmas in the global LNG market).

Nissen (2004) calls these early trading struct(megect-utility chain model’ where the export pect
(typically a joint venture between a national adidagas company (NOC) and a private oil and gas
major) functions as the seller and a monopoly fngged utility or a merchant trader as the buyer.
Downstream competition in most importing countri&ss not encouraged; e.g., buyers in South Korea
and Taiwan were state entities, the Japanese haasasector was highly regulated without any
foreign participation and Japanese utilities cdhitg all imports; and also in European countriasls

as France for example, a state-owned monopoly wsagonsible for all imports and natural gas
transmission. Capacities along the whole value nighaicluding shipping, have been bilaterally
committed and each supply project was linked byweal and commercial design to a specific
market.

Since the 1990s, investments in LNG infrastrucymaw rapidly as worldwide natural gas demand
increased significantly, leading to substantialreenies of scale throughout the value chain. New
entrants include Turkey (1994), Greece (2000), ait (2003), India (2004), China, and Mexico
(both 2006). The UK re-emerged as an LNG imponeR@05 to substitute for declining domestic
production. Significant expansions and new investsiéave been realized in Spain and the US re-
opened its mothballed terminals since domesticlgugmurces no longer appeared adequate to support

the expected increase in demand. South Americamtiges received their first LNG in mid-2008.
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Industry experts agree that the LNG industry hésredl substantially during the last decade (Iniss,
2004, p. 9; Jensen, 2004, pp. 7 ff.). Regasificatiapacities increased from 251 mtpa in 1999 to 462
mtpa at the end of 2009 (+84%), liquefaction capescifrom 108 to 229 mtpa (+112%) during the
same period and the number of operating LNG vesagjmented from 106 to 337 (+218%). Atlantic
Basin LNG trade gained in importance. After ne&@yyears without any export capacity extensions,
Trinidad/Tobago and Nigeria opened their first &action trains in 1999, Egypt followed in 2005
and Equatorial Guinea and Norway in 2008 and 26&§pectively. The Middle East, accounting for
more than 40% of worldwide proven natural gas reseris becoming the largest regional exporter of
LNG. With Qatar and Oman, two additional supplistarted deliveries in 1997 and 2000. The region
is currently evolving to a swing producer. Deliesito European and Asian markets and even to
North America are feasible without a significantfelience in transportation cd$tJensen (2007a,

p. 29) even argues that Qatar, the largest LNG réapsince 2005, may become the “Henry Hub of
global LNG pricing”.

Figure 10: Countries participating in LNG trade and inter-regional trade volumes 1999 vs. 2009
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2 Shipping costs for deliveries from North Africacaant for about 0.35 USD/MBTU (to Europe), 0.95
USD/MBTU (to the US Gulf coast), and 1.8 USD/MBTtd Japan). For deliveries from the Middle East they
are in the range of 0.8, 1.0, and 1.4 USD/MBTUpeesively (Razavi, 2009, p. 14).

3 The figure of traded volumes in 2009 uses trada d&2008. However, due to the economic crisis isd
negative impact on natural gas demand, no incrieasaded volumes is expected for 2009 (IEA, 20G2118).
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In today’'s LNG market, new flexibility in tradingafterns comes from i) changes in the structure of
long-term contracts, ii) a small but growing shiemm market, and iii) a trend of suppliers towards
self-contracting with their own downstream markegtaffiliates. Changing contract terms have taken
several forms: average contract duration as welkkaagracted volume are decreasing, take-or-pay
requirements are reduced, destination clauses lanen@&ed and buyers increasingly conclude for
free-on-board agreements enabling cargo diverslamgy-term contracts are accompanied by flexible
short-term agreements as well as vertical integmadind strategic partnerships. Today, spot and-shor
term trade account for about 20% of total LNG tradebitrage trade in the Atlantic Basin is
increasingly linking North American and Europeanrkess. The first liquefaction projects without
having sold total volume based on long-term comgrace moving forward.

Changes in the institutional framework, i.e., theven from monopolistic structures to competitién,

in turn demand fundamental changes in the orgadaiwt behavior of market participants. More
competition, mirrored by evolving spot markets, aingin contract flexibility, and increasing
international trade, exposes traditional playergreater pressure. Global mergers and acquisitions,
integration, and strategic partnerships have becouine today and the LNG industry is dominated
by a small number of large players. Global oil amatural gas producers and distributors are
frequently engaged in all stages of the LNG valo@irt. In addition, export projects are increasingly
financed and developed by private (and foreigrgragts. Former downstream monopolists of natural
gas are finding their traditional markets challehtpy the intrusion of oil and gas majors integrtin
into import markets. Vertical integration in resperto market deregulation features drivers inclgidin
upstream producers aiming to benefit from downstrezargins and from ownership of transportation
capacities to exploit arbitraging possibilities.s@ibution and power companies move upstream to
ensure margins and supply security. See SectiofoBal discussion of vertical structures in the LNG

industry.

3.2.3 Globalization of the natural gas market

The technology of natural gas liqguefaction enalifesr-regional gas trade linking the historically
isolated markets of North America, Europe-Eurasid Asia-Pacific. Even though regional trading
patterns prevailed a long time, today’s natural masket can be regarded as a global market in the
sense that price signals are transmitted from egem to another. However, the (liquefied) natural
gas market is different from global commodity maskeuch as the oil industry. Highly capital-
intensive infrastructures make it economically idifft to hold permanent spare capacity and instead

support the conclusion of long-term sales and msehagreements. Together with high cost of

4 The US natural gas industry, where restructurilmgaay started in 1978 with the Natural Gas Pokay

deregulating wellhead prices, is a functioning &ighly competitive market. See Makholm (2006; 20aryl

Hirschhausen (2006, pp. 4 f.) for an overview ogutatory actions implementing vertical unbundlingda
competition in production and marketing. The UKlIdated with the privatization of British Gas in 198@&d

vertical unbundling in the 1990s. In Continentakdpe, the liberalization process did not start tefihe late
1990s with the EU directives 98/30/EC and 2003/&5/B Japan, deregulation of natural and elecjriséictors
started only recently.
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transportation and a lack of liquid trading hubsl duolly competitive downstream markets these
conditions prevented the establishment of a globalral gas price.

However, recent developments towards more flexybiWithin contracts and trades support the
globalization of the natural gas market. The voluwshe@ncommitted capacities along the value chain
increases. The first export projects without hawsntyl their total volume based on long-term congrac
are constructed (e.g., Oman LNG, Malysian Tiga LNRussian Sakhalin I, expansion trains of
Australia’s North West Shelf Venture). Project gslaf downstream regasification plants or a surplus
in capacity during ramp-up periods can be useddtagct short-term deliveries (e.g., in 2002, LNG
shipments from Oman and Abu Dhabi which had beestirded for India’s Dabhol import terminal
suffering from construction delays were sold onghert-term market).

A long time, shipping has been seen as the critiottleneck motivating oil and gas majors and eipor
and import consortia to order a large number okelss As a result, the number of LNG ships has
augmented significantly. Whereas in 1999, virtually ships had been dedicated to specific trade
routes, the share of uncommitted capacity increésdd% in 2009 (49 of the 337 ships with a total
capacity of 6.9 million m3; see Figure 21 in thep&pdix for an illustration of the development of
shipping capacities). Free transport capacitiesaks® available due to recent delays in the stafu
liquefaction projects. In addition, the current momic crisis reinforces this imbalance between LNG
production and transportation capacities at leaghé mid-term future. Whereas LNG trade ceased
growing in 2008, the number of LNG ships still ieased by 32% from 2007 to 2008; another 35
ships are currently in the shipyards’ order boddee(Figure 11). It is likely that this surplus will
support the future expansion of the short-term gpmt market. LNG vessels also could be employed
as temporary floating storage and sellers therebjdaake advantage of short-term and seasona pric
differences.

Figure 11: Development of LNG trade and shipping gaacities
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Figure 12 shows the historical natural gas andemitl spot prices observed on both sides of the
Atlantic. Whereas olil prices (i.e., the US West d®intermediate (WTI) and North Sea Brent) move
quite parallel reflecting a global oil price, natugas prices (i.e., US Henry Hub and UK National
Balancing Point (NBP)) clearly diverge. To a mapart, they reflect region-specific, instead of gibb
supply-demand conditions. Using spot data for ti& the UK and Continental Europe from 1999 to
2008, Neumann (2009) confirms the non-convergeridaternational natural gas prices. However,
she shows that formerly regionally isolated markate becoming more integrated and that
convergence is higher for winter months when marke¢ tight and natural gas spot prices tend to be

more volatile, supporting the redirection of LNGtpargoes.

Figure 12: Development of crude oil and natural gagrices
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Tight supply situations in Asian importing coungrieegularly mirror in high prices for short-term
deliveries, too, despite the absence of liquid raitgas markets and import prices being determined
based on oil price indexed pricing formulas witHong-term contracts. The short-term price
differences between regions provide economic imeesitto redirect flexible cargoes and to deliver
additional spot volumes to higher value marketgsh&nperiod from 2000 to 2001, for example, the US
faced higher price levels than Continental Européckvied to cargoes being redirected from Europe
to North America. A similar price relationship atrdde pattern was observed in 2003. During the
winter of 2005/2006, a severe competition for LN#®tscargoes within the Atlantic Basin and sharp

price spikes occurred. In North America, hurricakesrina and Rita severely affected production; in
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the UK, the transition from a net exporter to a inghorter created additional import demand; Spain
suffered from poor hydro conditions raising the deohfor gas-fired power generation; and demand
in Continental Europe was high due to a cold winkerearly 2008, cold weather pushed Japanese
power consumption to record levels at the same then a major share of the country’s nuclear
capacity was offline. Tokyo Electric Power shut doits 8.2 GW Kashiwazaki-Kariwa power plant
after an earthquake in July 2007. Hence, natural dmmand from the power sector increased
substantially which mirrored in prices of up to USD/MBTU paid for LNG spot cargoes at a time
when average import prices were in the range oS®MBTU. In April 2008, China bought an LNG
spot cargo at 14 USD/MBTU. Similar prices have bpait for other spot shipments in spring 2008.
RWE contracted for the delivery of eight cargoedeodelivered to the UK from December 2009 to
January 2010. Due to recent price increases irlJ®ehowever, these volumes will be redirected
towards the North American market.

Theoretical and empirical studies of arbitrage dral the LNG industry are rare. Hayek (2007)
simulates the value of the option to conduct flexibNG trades developing a mean-reverting model
to represent the stochastic evolution of gas piiicesgional markets and the resulting price spsead
Obviously, larger price differences will be observier a low correlation between regional prices.
Zhuravleva (2009) provides a qualitative discussbmlifferent arbitrage models (i.e., initial selle
arbitrageur, initial buyer-arbitrageur, and indegiemt trader-arbitrageur). Section 3.4.2 of thisithe
discusses alternative corporate strategies in teddyG industry amongst others with respect to a
player’s motivation to benefit from systematic istraents in infrastructure along successive stafjes o

the LNG value chain.

3.3 Prospects for liquefied natural gas

Evaluating the future development of LNG export angort capacities is a very difficult task due to
a number of reasons: i) during the last decadeyaagas (and/or LNG) demand augmented rapidly in
countries such as China, India, or Spain, but Bdduistorically self-sufficient countries such &t

UK or Indonesia. The recent economic crisis, howeyields a stagnation (and even reversion) of
regional demand growth at least for a shorter-teenspective and has fostered the development from
a sellers’ to a buyers’ market. The exploratiomoéonventional natural gas sources such as shsle ga
in North America may have an impact on the domestjaply of different countries; ii) oil and natural
gas prices experienced a sharp increase during 20@%he first half of 2008, followed by a rapid
price decrease. The demand for LNG is inherenthsitige to natural gas price volatility and small
changes in the supply-demand balance alter inantivinvest in its capital-intensive infrastruetr

iii) the future treatment of greenhouse gas emissiwill also have an impact on the economics of
natural gas as a fuel competing with coal and piltlee one hand as well as with renewable and

nuclear energy sources on the other.
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This is supported by Jensen (2007b, p. 10), whaoesrghat “[ijn this environment, it is unlikely tha
any forecast — no matter how well done — will getght.” The following paragraph therefore focuses
on the prospects of investments in LNG export angdoirt capacities in the mid-term future up to
2015. A dataset including all LNG facilities (i.eoperating, under construction, planned, and
proposed) has been built up using data from vanugicly information such as periodical reports,
newsletters, industry journals, and company we8sitencludes information on nominal liquefaction,
regasification, and storage capacities, ownershipcteires, capital investments, supply sources,
customer portfolios, concluded contracts as welthes LNG world fleet. The number of projects
reported publicly substantially exceeds the nundfegprojects that are likely to be commercialized;
therefore, it is necessary to judge which projeetslikely to go forward and when. Based on these
data as well as an objective evaluation of thertieelly feasible and from an economic point of view
reasonable realization of the projects, forecastsdpacity development have been generated. These
are compared to evaluations of future LNG demandentyy industry experts and international energy

agencies.

3.3.1 Prospects for LNG exporters

The early LNG industry was dominated by Pacific iBasade with supplies coming from Alaska
(start-up 1969), Brunei (1972), Indonesia (1977xgldysia (1983), and Australia (1989). In the
Atlantic Basin, Algeria (1964) and Libya (1970) weearly exporters and the United Arab Emirate
started deliveries from the Middle East to Asiastomers in 1977. At the end of 2009, there are
226 mtpa of liquefaction capacity, of which 35% kreated in the Atlantic Basin, 42% in the Pacific
Basin and 23% in the Middle East (see Table 6 & Alppendix). In 2008, Qatar was the largest
exporter supplying a total of 39.7 bcm of LNG tdib&uropean and Asian customers. Together with
Malaysia (29.4 bcm), Indonesia (26.8 bcm), Algef2d.8 bcm), Nigeria (20.5 bcm), Australia
(20.2 bcm), and Trinidad/Tobago (17.4 bcm), theses countries accounted for 78% of total LNG
exports (BP, 2009).

For the near term, significant expansions will loeled especially within the Middle East region
where more than 40% of world natural gas reservesogated® Major expansions are under way in
Qatar and an additional greenfield project is elqubdo start operation in Yemen in 2010. Qatar
announced to observe the behavior of the producfiom the North Field before making
commitments about further expansions; therefordjtiadal export capacities beside those already
under construction are not expected for the miditeln the Atlantic Basin capacities will be
expanded in Algeria and Libya. In Norway a smatited_NG project for intra-regional trade is under
construction and Angola is likely to enter the stag an additional supplier. Nigeria in the longer-
term has the potential to provide additional exgatbmestic consumption is low and still much gas i

flared during oil production. In the Pacific Basieither Brunei nor Malaysia are expected to edpan

5 A substantial share of the Middle East's natues tpserves are situated within the world’s largestral gas
field (i.e., Qatar’s North Field and Iran’s Soutar®form one single geological field).
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their liquefaction capacity. The Alaska venturelwelach the end of its economic life in the midater
Peru is expected to open its first LNG terminaR010. Works on Australia’s Pluto venture already
started in 2007 and also the Gorgon venture igylikiebe developed until 2015.

In recent years, the evolving competition betweenwgg domestic demand and exports in traditional
supply countries such as Algeria or Libya has bexamreasingly discussétin the absence of new
gas developments, export availability will be reeldic(IEA, 2009a). For example, Egypt faced
continuously increasing domestic natural gas copgiom over the last 20 years with an average
yearly demand increase of 11% from 1998 to 200& gdvernment decided to prioritize the home
market and introduced a moratorium on new expaepts in 2008. In Iran, domestic consumption
increased by an average of 8.7% during the lastdied_arge volumes of produced natural gas are re-
injected into oil fields in order to maintain olq@uction at economic levels.

Indonesia is a country showing substantial dynanfifter twenty-five years enjoying the position as
a reliable supplier of LNG, the country has becamsource of supply uncertainty. LNG exports
peaked in 1999 at a level of 38.8 bcm and decliong6.9 bcm in 2008. The reasons are diverse,, First
domestic demand increases due to the governmeffitgseto reduce oil consumption via slowly
reducing subsidies on domestic oil use. SecondAthe natural gas field, which began production in
1978, is aging and production declines. Furthermgoenestic natural gas consumption is prioritized;
certain volumes are delivered to a fertilizer anpufp company. The LNG plant is already partially
shut down and is expected to stop exports duriegniext decade. From the Bontang field, some
natural gas is diverted to the domestic industg, t

Hence, the country was not able to fulfill its letegm supply contracts. According to Global Insjght
ten cargoes destined for Taiwan had to be cancell&te 2004; the Oil and Gas Journal reported in
2007 that Indonesia already had failed to deli&c&rgoes of LNG (4.1 mtpa) to Japanese customers.
In 2007, 0.23 mtpa of scheduled LNG cargoes tolsKorea had been dropped. Pertamina, the state-
owned oil and gas company, negotiates with LNG ksugger the further proceeding (i.e., whether the
export volume will be reduced or whether some casgmight be rescheduled or replaced by swap
arrangements). The company furthermore has purdhaskeimes on the spot market to fulfill its
delivery commitments. Some of its older contracthwaiwan and South Korea will expire in the
coming years and Pertamina already has indicasddttivill not renew these contracts at their oragi
levels. The new Tangguh liquefaction plant whicartetd operation in early 2009 will temporarily

absorb the decline in the country’s exports. Howeielustry experts agree that any exports from the

16 Razavi (2009) discusses natural gas pricing pEsiich MENA countries (holding almost half of glotgs
reserves) where gas prices are set by the govetanadten substantially below its economic costalihin turn
results in a wasteful use of gas, the deploymennbefficient technologies, and a huge burden onegowment
budgets. For example, the Egyptian government thg/gjas from producers at a price of 2.65 USD/MBard
sells it in the domestic market at an average poic&.19 USD/MBTU resulting in a subsidy of aboubi
USD/a. The Iranian government provides gas to ttemnal power utility at 0.1 USD/MBTU, to the indtial
sector at 0.6 USD/MBTU and to residential/commércisstomers at 0.45 USD/MBTU. Similar estimates for
actual price levels and much higher market valoesiimerous countries are provided by EIA (2009(52).
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Donggi field, as had been proposed for the mid-teertore, are very unlikely due to the high domestic
demand as well as lower gas reserves confirmegpected.

Another interesting development in Indonesia ig tha country announced to study the potential of
LNG import facilities. A pipeline network covering Sumatradadava connects the main demand
centers Java and Bali and with the predominantlgwgzurces Natuna Island and southern Sumatra.
Other supply regions such as Kalimantan and Pagpuact connected to the pipeline system and LNG
import terminals are considered in eastern andesestava as well as in northern Sumatra.

Taking the above discussed developments into atcauanld liquefaction capacity being operational
in 2015 is forecasted to be 322 mtpa, with themtitaBasin accounting for 33%, the Pacific Basin fo
37% and the Middle East augmenting its share to 80%e installed capacities (see Figure 13). In
the short-run, the current economic crisis will éav negative effect on LNG demand and on the
ability to finance infrastructures along the valibain. However, the normal lag in liquefaction plan
construction (on site works take about four yearakes it difficult for suppliers to respond quickty
demand variations. The delayed supply response &adier demand growth will start operation until
2015 and will create a surplus in supply in the-teion future.

These forecasts go in line with the LNG demand qutapns developed by Jensen (2009b, p. 58)
expecting between 270 and 325 bcm in 2015. Alsdetiergy Information Administration (EIA) in its
recent World Energy Outlook projects global LNGdi&&ao be in the range of 300 bcm in 2015 (EIA,
2009b, p. 439) with prospects for installed liquéifan capacity at a level of 295 mtpa.

Figure 13: Development of liquefaction capacities
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3.3.2 Prospects for LNG importers

The first LNG import facilities started operatianthe UK (1964), Japan and Spain (both 1969), Italy

and the US (both 1971), France (1965), and Soutle&(1986). Whereas capacities in Europe and

North America grew slowly or even were mothballed.( UK and US) during the first decades of the
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industry, Pacific Basin countries, rapidly invested additional projects. Since 2000, however,
Atlantic Basin countries experience substantiaighbr annual growth rates with an average of 16.4%
(versus 2.3% for Asian importers). This reneweérest in LNG had a number of reasons including
decreasing production from conventional naturalfgglds in the US and the North Sea (the UK has
become a net importer of natural gas in 2006) emsing employment of gas-fired combined cycle gas
turbine power plants (e.g., gas-fired generatianaased from 19 TWh in 1999 to 93 TWh in 2007 in
Spain), and efforts to diversify supply sources.

At the end of 2009, there are 450 mtpa of regagifio capacity, of which 41% are located in the
Atlantic Basin, 58% in the Pacific Basin and 1%he Middle East (see Table 7 in the Appendix). In
2008, Japan was the largest importer receivingeh o 92.1 bcm of LNG (41% of world LNG trade).
Together with South Korea (36.6 bcm), Spain (2&m) France (12.6 bcm), and Taiwan (12.1 bcm),
these five countries accounted for 80% of total LM@orts (BP, 2009). In the coming five years,
significant expansions are expected especiallyiwitsian emerging countries. Moderate expansions
are projected for European countries whereas Narihrica currently faces a supply-overhang due to
the development of substantial unconventional matgas sources. Figure 22 in the Appendix
classifies LNG import countries according to thé@pendence on natural gas imports in the form of

LNG and the level of proposed new capacities.

3.3.2.1 North America

With 812 bcm of natural gas production and a cormdion of 824 bcm in 2008, North America
accounts for a major share of the total world radtgas industry. Thereby, the US represents the
world’s largest consumer (657 bcm) and the secargkbt producer (582 bem). Domestic production
was rather sufficient to satisfy demand during thst decades and LNG historically could not
compete with cheap domestic production. It accalirite less than 1% of North American gas
consumption in 1999 and was mainly used for peak-lenergy needs with LNG import facilities
restricted to the area of the US. Intra-regionatiérincluded pipeline deliveries from Canada to the
US as well as some minor volumes from the US toibex

The EIA forecasts in its latest Annual Energy Ooltidhat natural gas demand in the US is expected
to decline in the short-run until 2011 and will tane to grow afterwards with an average annual
growth rate of 0.2% for the period from 2007 to QQEIA, 2009b, p. 109). The major consuming
regions are the states of Louisiana and TexasednSibuth (high consumption originating from the
industrial and electricity sectors), the Midwestiahe Northeast (mainly for heating purposes). The
share of electricity generated by gas-fired powants increased from 15% in 1999 to 22% in 2007.
This equals average annual growth rates of 6.2%esl999. In comparison, growth rates for coal,
nuclear, fuel oil, and hydroelectric generation ddeen less than 1% over the same period (EIA,
2009c, p. 11). However, the future demand for r@tgas is mainly influenced by future climate
policy actions and the economics of natural ga$ wispect to relative costs of alternative fuels
(Ruester and Neumann, 2008, pp. 3162 f.).
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Major producing regions are Texas, Louisiana, affehfields in the Gulf of Mexico, and Alaska.
Production in the Rocky Mountains has increaseddsie since 1998. The construction of new
transmission capacity to consumption centers inNbetheast and Midwest and the expansion of
existing pipelines to Southern California underlithe importance of the mid-central region as a
domestic supply source. In 2008, nearly one fifthotal US production came from unconventional
sources; 55.6 bcm of coal-bed methane (mainly WMéyoming, Colorado and New Mexico) and 57.2
bcm of shale gas (mainly from Texas) were extracted

The year 2000 saw a renaissance of interest inrispothe form of LNG. Conventional natural gas
production reached a peak in 2001 at the sametliatedemand was projected to continue to increase
and forecasts claimed that US natural gas produgtiould be unable to meet growing demand (e.qg.,
EIA, 2004, p. 91). With the opening of the LNG erprminal in Trinidad/Tobago, furthermore, a
supply source close to the North American market emerging. Potential investors for LNG for a
long time believed the biggest struggle for realizhew capacities would be to get the regulator’s
(i.e., FERC or MARAD) approval. FERC, however, soutp create an investor-friendly environment
and even deviated from its initial view where LN@piort capacity should be treated the same way as
pipeline capacity. With the ‘Hackberry Decision’ 2002, it terminated open access requirements to
regasification facilities. This led to a rapid bbos project proposals. At present, there are 25
approved projects (including greenfield investmemd expansions) in total North America.

All four LNG import terminals which have been budliring the 1970s and early 1980s have revisited
operation and even have undergone substantial sxpen (see Ruester and Neumann, 2008,
pp. 3163 f.). Gulf Gateway LNG, an offshore fagilih the Gulf of Mexico operated by Excelerate, is
the first new-built terminal since more than twaages and started operation in 2005. Four additiona
terminals came on stream recently (i.e., Freepaxa$, Sabine Pass Louisiana, and Northeast
Gateway offshore Boston all commissioned in 200@m€ron LNG Louisiana received its first
shipment in July 2009). Mexico opened its Energ@st& Azul import facility in May 2008; total
capacity is dedicated for re-exports via the 14@maja North pipeline to California and Arizona.

It becomes apparent that all new-build and advapeeposed projects are either located in the Guif o
Mexico or feed into the US pipeline system (seaifédl4). Since September 11, 2001, the public has
grown more aware of risks to national security. iBizal plants and existing and planned nuclear and
LNG facilities have come under intense scrutinycéd@ng terminals on both the Atlantic and Pacific
coast face a strong resistance from the local pdipnl (‘not-in-my-backyard’ attitude).

The long-standing history of natural gas productioifexas and Louisiana has proved beneficial for

all participants: local governments and populatos familiar with the approval process, severadar

' *Unconventional gas’ is found in difficult-to-acs® geological formations with the rocks being hardl
permeable and natural gas only flowing with grefficdiity. The three main sources include gas shttght
sands, and coal-bed methane.
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customers are nearby, and major pipelines are ctingeto the Midwest and northeastern gt
present, the pipelines are reserved 100% by firstocoers, but there are two issues of interest: the
feasibility of expansions and declining domestioduction from conventional sources. Volumes in
the form of imported LNG could make up such shdsfdBeside the already completed projects, two
further facilities are under construction.

It is difficult to assess the probability of sucedsr individual US projects outside the Gulf of kiteo

(see also Jensen, 2004; Frisch et al., 2005). Dpeet regularly delay or cancel proposed projéats.
California and Massachusetts, for example, bothestavith an increasing natural gas demand,
proponents face strong public resistance. Thugsitovs look elsewhere. Mexico has already opened
an import terminal dedicated to supply the southeresUS; another project is proposed. Canada’s
Atlantic provinces deliver natural gas producedlofire near Sable Island to the northeastern U8 sinc
1999. The Canaport LNG terminal currently understarction is expected to start operation in 2010.

Two further projects are under consideration.

Figure 14: North American LNG import potential

L {
{ L
= ! Y % ‘\7]}? { Iy
{ § 2 J ﬂ/f}?"\ "
"\-"—lk é\ Y It
% % ‘Q\fr j/'ﬁ o
“l\t‘?ﬂ
R .
) Dt 6
( 174 {
4 1
Q e
l\\ l\)\ a J‘ | ,
\ w LYy
W
‘% k . . Q Existing US onshore
1 ) Y n J/ 1’ Q Existing US offshore
b \ 4}/ 3 b\ Nt O Existing Mexico
o Demand cente&_\ et \“'x,_/'*\. O Proposed US
O Supply sourc x"m—/'“\_ O Proposed Mexico/Cana

Source: Own depiction

New LNG must compete with existing facilities andpansions both within the US and in other
importing regions. A barrier to entry during thesfi half of the 2000s was the lack of available
upstream deliveries. Excelerate Energy’'s Gulf Gatewnport facility, for example, received only
nine cargoes during its first year of operationcémtrast to market entrants, incumbent oil andnat
gas majors therefore currently simultaneously aaostliquefaction capacities to correspond with
regasification capacities.

However, nothing has altered the North Americarur@tgas market and its appetite for LNG as

severe as the discovery and development of sigmifianconventional gas sources. Within a couple of

18 E.g., The Transco-, Texas Eastern-, and Tenn&aeeipelines extend to the Northeast. Trunklins Ga
Company and Mississippi River Transmission supphywgr producers and industrial users in the Midwest.
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years, the supply-demand balance has changed fnenofocontinuous production declines to one of
an upcoming surplus. Rising natural gas pricesesi@001, easy financing and technological
innovations (i.e., horizontal drilling and hydraufracturing) encouraged companies to invest irswel
Amongst others, large deposits were explored withBarnett Shale and Eagle Ford plays (both in
Texas) and the Haynesville Shale (Louisiana). Thé&emial Gas Committee states in its 2008
assessment report that the US alone might possegal aesource base of 51,200 bcm which would
increase the static reserves-to-production rationfrabout ten to 90 years. In Canadian British
Columbia, the Horn River Shale Basin is estimateddamprise about 14,000 bcm. A pipeline to the
coast and a liquefaction terminal are under conafiba.

The substantial rise in unconventional gas produaatéversed the historical decline in US gas output
reducing demand for LNG. In the early 2000s, redezns still saw North America as a major player
in the future LNG market (see e.g., Chabrelie, 2q03%; CIEP, 2003, p. 114). The EIA regularly
adapted its annual energy production and consumjpticecasts. In 1999, most domestic production
was expected from conventional natural gas wittbaomentional sources projected to account for not
more than 200 bcm in 2020 and LNG imports weredasted to remain at marginal levels. The 2004
outlook five years later predicted unconventionadoiction to increase to 255 bcm and LNG imports
to rise to 140 bcm in 2025. In its latest outlofiture unconventional natural gas production hanbe
adjusted further upwards (340 bcm in 2025 and 496 m 2030) whereas the prospects for LNG
imports with 30 bcm in 2030 are less enthusiasee (Table 8 in the Appendix).

The future potential for natural gas productiomiranconventional sources, however, will mainly be
determined by the level of natural gas prices aeddevelopment of production costs. Each shale play
has its individual geological characteristics; remgral statement on the cost structure can be made.
Dar (2009) quotes the break-even price at 3.88 WHEDMU (Eagle Ford), 3.74 USD/MBTU
(Marcellus), 4.49 USD/MBTU (Haynesville), and 5.W8D/MBTU (Barnett). This goes in line with
Jensen (2009b) arguing that much shale gas couldeleloped at natural gas price levels of
4 USD/MBTU. Berman (2009), in contrast, argues thay half of the Barnett Shale wells would be
economic at prices of 10 USD/MBTU and expects gdrodrilling activities as a response to the
lower prices since mid-2008. Whether current préidaclevels can be maintained at prices below
5 USD/MBTU is one of the major uncertainties foe thid-term future.

As a consequence of the increased domestic produateeds for imports declined. For the short-
term, this trend is further amplified by the recel@mand downturn due to the economic crisis
(IEA, 2009a). US LNG imports dropped in 2008 to B@n from 21.8 bcm in 2007. Import terminal
operators suffered from idle regasification capesitThe load factor of total North American LNG
import capacity fell from 61% in 2004 to 8% in 20@&e Figure 15). It is very likely that beside the
completion of projects already under constructiom significant investments in LNG capacities will
be realized in the mid-term future. Some LNG temhwperators even have already sought permission

from FERC to addexportequipment to their facilities. Since North Ameris@as expected to be a
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major growth market for LNG, this development hasewxere impact on the future global LNG

demand.

Figure 15: Development of North American LNG imports and nominal import capacity
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3.3.2.2 South America

South America has emerged as an LNG importing regiomid-2008 with the commissioning of
Argentina’s Bahia Blanca offshore terminal operdwgdExcelerate Energy in June and Brazil's Port
Pecem offshore facility operated by state-ownedoBets in July. An additional project is already
under construction offshore Rio de Janeiro andjieeted to start operation in 2010. South American
natural gas demand is expected to increase abond axerage from 127 bcm in 2007 to 229 bcm in
2030 with an average annual growth rate of 2.6% (ED09b, p. 366).

Further proposals for regasification facilitieslirde one project each in Argentina and Uruguay and
two projects each in Brazil and Chile. For the rt@dn outlook, it is very likely that no substantial
investments will be realized since most countrieseandued with some natural gas reserves and intra-
regional pipeline trade (e.g., from Bolivia to Bitaar Argentina) could be expanded. For Chile, a
country without large natural gas resources, thesttaction of one small-scale facility until 2015
seems probable. In 2004 and 2005, Argentina rediisetbliveries to the country in order to ease its

own domestic gas shortages which raised concems abergy security.

3.3.2.3 Europe

After a short-term decrease in natural gas demaral@nsequence of the world economic crisis, the
long-term upward path is projected to continue fr@10 on. The IEA forecasts an increase from

544 bcm in 2007 to 651 bcm in 2030 in the refereswnario (IEA, 2009b, p. 366) with the demand

growth mainly being driven by the power sector. Miodcombined-cycle gas turbine power plants
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benefit from lower up-front investment costs andrgdr construction times than alternative mid- and
base-load technologies, greenhouse gas emissiensiganificantly lower than for other fossil fuels,
and gas-fired capacity is a suitable complementettewable energy sources since its flexible
operation is able to absorb supply fluctuations.

On the supply side, overall OECD Europe’s produci®expected to decline from 294 bcm in 2007
to 222 bcm in 2030, even though Norway will raisgpoit during the coming decade increasing its
production from the Ormen Lange and Snovhit fiellilse Netherlands’ Groningen field and UK'’s
Continental Shelf are reaching maturity. The exation of unconventional gas sources is still in its
infancy. Shale gas resources are estimated to te irange of 14,000 bcm but will only play a minor
role on a local scale, given that public resistaimc¢he densely populated areas can be overcome
(Schulz and Horsfield, 2009). Hence, overall impaeds are forecasted to move up from 250 bcm in
2007 to 428 bcm in 2030 (IEA, 2009b, p. 478).

The future composition of foreign supplies will égpl on a number of factors including the
comparative supply costs and natural gas avaitglufialternative sources, upstream investmensrisk
and midstream transit risks of alternative supplytes, and the countries’ policies with respect to
diversification. Industry experts agree that ineszh import needs are likely to be met through
additional pipeline supplies from Europe’s traditb suppliers (i.e., Russia, Algeria, and Norway),
new supplies from the Caspian region and potentiadm the Middle East, and additional LNG
imports. Thereby, Russia will experience higherptygosts in the long-term since production from
its Yamburg, Urengoy and Medvezhye fields will dieel and new, more expensive fields (e.g.,
Shtokman, Yamal Peninsular) have to be developéithain turn improves the competitiveness of
alternative supplies. Figure 23 in the Appendixvpies an overview on supply costs of potential
natural gas sources for both pipeline as well aGLN

Nominal European LNG import capacities augmentecthfB6 mtpa in 1999 to 91 mtpa at the end of
2009 with Spain accounting for about one thirdhaf tapacity increase. The country has always been
highly dependent on natural gas imports receiviregfirst LNG deliveries in 1986. Pipeline deliverie
are restricted to supplies from Algeria via Moroegw some minor volumes from Norway via France.
In order to meet rapidly increasing demand and iterdify supply sources, Spain expanded its
existing LNG receiving terminals and three new Ilfaes came on stream since 2003. A seventh
terminal currently is under construction.

Greece and Portugal entered the industry in 20@D 2003, respectively. For both countries no
expansions are planned for the mid-term futurdy,lten contrast, will become a more important
destination for LNG imports in the next years; tt@rminals are under construction; numerous
additional projects are proposed. The commissionfrapout three import terminals until 2015 seems
likely and will decrease Italy’s reliance on Algamiand Russian natural gas imports. Further cgpacit

additions are expected for France, Croatia (funatip as a transit country for deliveries to Central
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Europe), and the Netherlands. Proposed projectsther countries such as Albania, the Canary
Islands, Germany, Ireland, or Poland are not likkelpe realized until 2015.

The decline in the UK’s domestic production hasvgted incentives to invest in LNG infrastructure.
Three regasification facilities started operatiaming the last four years and additional capacities
under construction. Imports in the form of LNG amdsupply security on the one hand and may
enable the country to function as a European hubrarexport volumes via the Interconnector and

BBL pipelines to the Continent if local price difémces support this.

3.3.2.4 Asia Pacific

Within the Asia Pacific region, one has to distiisubetween traditional LNG importers (Japan,
South Korea, and Taiwan) and newcomers (China adéh). The somewhat isolated and more
developed economies in northeast Asia lack subatatergy resources and have started to use LNG
and nuclear energy in order to minimize their dej@gmce on imported oil. Natural gas consumption is
forecasted to increase only moderately during tbmicg two decades supporting only minor
investments in new LNG import capacities. Two fisies will come on stream in Japan until 2015;
one new import terminal is expected for Taiwan.

The emerging economies of China and India, on tmérary, are the critical uncertainty factor within
the global LNG market. Historically, the two coua$s have mainly used domestic coal to satisfy their
energy needs. However, natural gas is increashggpming an important component of their primary
energy mixes. The IEA forecasts an increase inrabgas consumption from 73 (39) bcm in 2007 to
242 and 132 bcm in 2030 for China and India, rebpeg (IEA, 2009b, p. 366), representing annual
growth rates of 5.3 and 5.4%, much above worldayeof 1.5%.

The Chinese natural gas market has been expandpidly in recent years, particularly after the
completion of the West-East pipeline in 2004. Thgegnment aims to expand the share of gas-fired
power generation from currently 1% to about 109220 (IEA, 2009a, p. 123). Production growth
cannot keep up with demand growth although newlfgpfrom the Sichuan Province are expected to
come on line in the short-term. The country cowddependent on imports for more than 30% of its
consumption in 2030. These are likely to be metpieline imports from Turkmenistan via
Kazakhstan and LNG (EIA, 2009a, p. 44). Three LM@art terminals are in operation with the
Guangdong terminal (start-up in 2006) and the Rujiad Shanghai facilities commissioned in 2009.
Two additional facilities are under constructiod,términals are proposed.

In India, natural gas plays a small role in thalenergy mix, but demand has been growing rapidly,
too. Much of the country’s current production oniglies from more mature fields that are beginning to
decline and India is projected to be dependenthgpoits for more than 30% in 2030 (EIA, 2009a,
p. 44). Some new domestic production will come frome Krishna Godavari Basin. Pipelines
supplying natural gas from the Middle East, Cenfsia, or Myanmar have been discussed in the

past; however, their realization is very unliketythe near future. With the Dahej and Hazira faes
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two LNG import terminals are operating since 200 2005. One additional terminal is already
under construction, seven projects have been peoipos

For both countries, however, it is very difficutt €valuate how many projects finally will be reatiz
and when. Unconventional gas resources are supgosbd present in China (e.g., South China,
Zhungaer, Tuha, Qadam, and East China Basins) thsasvén India (e.g., Gondwana and Gambay
Basins) and could reduce the needs for naturainypsrts. Their scope and recoverability have not
yet been explored. Furthermore, cheap abundant resarves could affect the optimistic growth
forecasts for LNG imports. Obviously, Asian emerggatonomies represent a substantial challenge in
a carbon-constrained world given the large shaaf in their energy supply portfolios and thehhig
growth rates in energy demand.

Using a model of the world natural gas market, Hogpn et al. (2009) investigate the impact of a
strong demand increase in China and India on globale patterns. Whereas domestic production
levels in the two countries would increase onlgtgliy under this positive demand scenario, imports
gain in importance. Regasified volumes in 2030 wdaktrease by 860% for China and by 450% for
India as compared to the reference case. Intramadipipelines are constructed from Kazakhstan
(2015) and Russia (2020) to China as well as frakigean (2020) to India, with expansions in later
periods. LNG deliveries from the Middle East to &g and North America decrease by 20% and
47% respectively; exports to Asia increase by 40f%b @rice levels raise. This mirrors that the future
development of the supply-demand balance in theserging economies will have a substantial
impact on the global (liquefied) natural gas market

Two further countries will enter the LNG market iirg015. Singapore is constructing an import
terminal in order to secure natural gas suppli®dGLshall complement the current pipeline imports
from Indonesia and Malaysia which are used to gegre80% of the country’s electricity supply. Gas
demand also is expected to rise due to the sutistitaf oil-fired power plants for new-built gas€ad
capacities as well as the construction of new plmical plants. Thailand is constructing an import
terminal in order to diversify supply sources. Datiee production is declining and pipeline imports

are restricted to deliveries from Myanmar.

3.3.2.5 Summary

Taking the above discussed developments into at¢coworld regasification capacity being
operational in 2015 is forecasted to be 596 mtpt) ®wurope accounting for 27%, North America
(including Mexico) for 23%, Asia for 48%, and Sowthd Central America for 2% of the installed

capacities (see Figure 16).
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Figure 16: Development of regasification capacities
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World regasification capacity is outstripping lidaetion capacity; the ratio of total import ovetao
export capacity approached about 0.5 during thediesades (see Figure 17). To a certain extent this
is a natural development since LNG in some countse major source of seasonal supply. Korea Gas
Corporation for example has a twenty-year long-tasupply contract with Yemen LNG over the
delivery of 2 million tons of LNG per year; 50% thfe annual contracted volume thereby is taken off
during the winter months. Other import terminale aun mainly based on short-term and spot
deliveries in order to exploit favorable supply-derd situations (e.g., India’s Hazira terminal
operated by Shell and Total; Excelerate Energyisarnfacilities in the US, the UK, Argentina, and
Kuwait). Moreover, a regasification facility is tleheapest part of the value chain and some players

invest in an import terminal in order to enter avmaarket.

Figure 17: World liquefaction versus regasificationcapacities
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3.4 Vertical structures in the LNG industry

The development of the global LNG market from afarh towards a mature industry has been
accompanied by far reaching dynamics in verticalicsires within the industry. The following
subsections discuss the changing role of traditimmg-term contracts and the increasing relevarice
short-term and spot trade. A number of oil andmagors follows a strategy of vertical and horizénta
integration investing in a portfolio of export, phing, and import capacities at the same time that
other companies choose a strategy of non-integratigerating LNG terminals as ‘tolling facilities’.
The occurrence of such a menu of governance fannasé and the same industry is very interesting

from a New Institutional Economics point of view.

3.4.1 The changing role of long-term contracts

Investments in LNG infrastructure, especially irstipam exploration, production, and liquefaction,
are very capital-intensive. Therefore, financiragttionally required the conclusion of long-ternfesa
and purchase contracts before the constructionepsowas initiated (Jensen, 2009a, p. 7). Sellers
typically have been state-owned oil and gas mdig., Algerian Sonatrach, Indonesian Pertamina,
Malaysian Petronas) and for a minor share jointw@s of private companies (i.e., US’ Philipps and
Marathon) or of private and state companies (8ginei Coldgas, a partnership between the state of
Brunei, Shell, and Mitsubishi). Buyers typicallyMeabeen downstream state-controlled utilities (e.g.
Gaz de France, Japanese Tokyo Gas and Osaka Gass Kas Corporation, Turkish Botas, or
Spanish Enagas).

The traditional contract was a rigid take-or-paytcact in which the buyer accepted to take-off a
certain minimum level in the range of 90% of thenmmal contracted quantities (CIEP, 2003, p. 12).
The seller in turn accepted a price escalator gelad some measure of competing energy prices.
Hence, the buyer took the volume risk whereas thoe pisk was transferred to the seller. Restrittio

in destination limited arbitrage trades.

Within the three importing regions, alternative tanting patterns and pricing structures estabtishe
Prices for LNG thereby are set either by price cetitipn with domestic gas (mainly US, UK) or by
the operation of pricing formulas. When the fird& contracts were negotiated with Japanese buyers
in the 1960s, Japanese power generation was hetplgndent on fuel oil. Pricing clauses therefore
tied the price escalation to the Japanese Custdeasiay price, an index of Japanese crude oil itpor
prices. This pricing scheme later was adopted floeroAsian contracts, too. In the mid-1990s, the oi
linkage of LNG prices in Asian contracts was softnSo-called ‘S-curve’ formulas guarantee the
interest of the seller if the price of the benchknanude oil index drops below a certain threshald a
protects the buyer from oil prices rising aboveeaain ceiling’® Asian importers traditionally were

willing to pay a price premium of about 1 USD/MBTa$ compared to LNG buyers in Europe and

9 The first ‘S-curve’ formula was applied within artract concluded between the Australian North V&slf
venture and Japanese customers in 1994. The fitam was set at 16.95 USD/bbl and the ceiling paic26.95
USD/bbl (Chabrelie, 2003, p. 7).
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North America reflecting their concerns about sym@curity (EIA, 2003, p. 35; IEA, 2009b, p. 521;
see also Figure 24 in the Appendix). Continentatofpean pricing structures were effectively
originated by the Netherlands’ pricing policies ttmmestic natural gas produced from the Groningen
field since 1962. The natural gas price was inddrddyht and heavy fuel oil. This pattern laterswva
also adopted for export contracts. More recenuéimgd) natural gas contracts include also prides o
other relevant energy sources such as coal, najasabr electricity (see Figure 25 in the Appendix)
The improvement of gas-to-gas competition and Bmirey liquidity in natural gas hubs should
support the establishment of gas market indicatarsontrast, North America and the UK today are
characterized by a functioning gas-to-gas compaetitwith long- and mid-term contracts being to a
large extent tied to gas market indicatdrs.

As the LNG industry has expanded during the pasadie, terms of long-term supply contracts started
to change and trade became more flexible. Averagéract duration as well as contracted volumes
are decreasing in both Atlantic and Pacific Basarkats (see e.g., Hirschhausen and Neumann, 2008;
Ruester, 2009a). Destination clauses are eliminfegrgy Charter Secretariat, 2008, pp. 56 f.).
Take-or-pay requirements are relaxed and optiomsafiditional cargoes are included in recent
contracts, e.g., in a recent contract between K@eaa Corporation and Qatar's Rasgas venture
(Chabrelie, 2003, p. 6). Whereas deliveries inghdy years of the industry typically have been ex-
ship sales, free-on-board (fob) agreements arenfiegomore common (Eng, 2006; Nissen, 2007b).
For fob contracts, the buyer takes ownership otcrgo once it is loaded and has complete flexybili
over a potential redirection or resale. For exarigtgea Gas Corporation traditionally procured LNG
ex-ship but enlarged its tanker fleet recently aod concludes for fob contracts. In 2007, Equatoria
Guinea sold its entire LNG output on an fob basisBiG. In 2008, a re-loading facility was
inaugurated at the Zeebrugge import terminal. Qm@argo is discharged to the storage tanks, the
LNG belongs to the importing company and re-expsrfeasible without violating the contract.
Cargoes sourced originally from Qatar already haeen delivered to South Korea, India, Portugal
and Spain.

Contract flexibility has also been a major targebayers when renegotiating existing contracts. The
Japanese importers Tokyo Gas and Tokyo ElectricePéov example have renegotiated a Malaysian
contract to supply a part of the volume fob rattiem ex-ship enabling the buyers to resale some
cargoes. According to Zhuravleva (2009), it is dilscoming common practice to divert contractually
committed LNG volumes to third markets given a maltagreement of both seller and buyer. This
increased contract flexibility is supportive to plypsecurity (see also Makholm, 2007, p. 32) siitice
permits adaptations to short-term changes in thmplgtdemand balance. The netback value will
determine the most attractive market in those cagexe LNG shippers are free in the choice of

destination.

20 Suppliers adopt their contracts according to tarmon pricing structures in the import market; eQgatar
links the price for LNG deliveries to crude oil ggs in Japan, to fuel oil prices in Continental dpar, and to
natural gas spot prices (Henry Hub and NBP) iniBeand the UK (Dorigoni and Portatadino, 2008,3¥.23.
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Long-term supply contracts allowing the financing pew infrastructures are increasingly
accompanied by short-term agreements (less th@aa&)yand spot transactions balancing supply and
demand in the short- to medium-term. For exampl®resortium of Japanese buyers signed contracts
with Malaysia to buy 0.68 mtpa for a period of 2ays and an additional 0.34 mtpa for a single year
beginning in April 2004. The short-term componenupdated annually. This combination of short-
and long-term provisions provides much higher vauftexibility than conventional take-or-pay
contracts.

The short-term market established not before th@049with the first arbitrage trades and swap
agreements appearing in the early 2000s (Energyt&@haecretariat, 2008, pp. 57 ff.). Electricité de
France (holding 3.3 mtpa at Zeebrugge and 0.7 mtpdontoir) has signed a swap agreement with
the US-based Dow (3.75 mtpa at Freeport) offeriacheparty a slot of 1 bcm per month of import
capacity at the other company’s import termirfalEhe additional margin is shared among Electricité
de France, Dow and the supplying company. A sintiians-Atlantic swap agreement involves Suez
and ConocoPhilipps. Major short-term and spot vasitoday are supplied by Qatar, Algeria, and
Oman; main buyers have been the US, Spain and ouda (see Figure 18).

Figure 18: Development of short-term and spot trade
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1 Electricité de France’s supply for Zeebrugge frQatar's Rasgas project is interruptible at the Sapg
option, which explains why many of its Zeebruggesshre not used.
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However, there may be technical and economic caingér limiting arbitrage activities. First, free
capacities have to be available along the valuendhaluding liquefaction plants (sellers may w#i
volumes during the ramp-up period of a contract)ipging and storage at the downstream
regasification plants. Second, gas quality diffeyshatural gas source (see Table 9 in the Appendix)
and import facilities constructed during the eambars of the industry have been designed to receive
LNG of a certain composition. However, it is tedally feasible to endow import terminals with
natural gas adaptation equipment allowing for aekese (i.e., nitrogen injection; mainly necessary i
the UK and the US) or increase (i.e., propane figegmainly Asian importers) of natural gas qualit

in order to meet grid requirements. Third, durihg toading and shipping period, typically between
four days (e.g., Trinidad/Tobago to the US Gulf &pand two weeks (e.g., Qatar to Japan), spot
prices in the destination country may change.

For the near-term future, the outlook for spot LN&le is quite modest and will critically depend on
how quickly the global economy recovers from therent recession. Many buyers that have been
active in spot- and short-term trade currently caget their gas requirements by their long-term
contracts and some even have to demand downwaundtadjnts in volume flexibility due to weak
consumption levels (IEA, 2009b, p. 529). For thegler term, the outlook is more optimistic. LNG
exporters increasingly dispose of uncommitted ligogon capacities. The overhang in regasification
capacities facilitates downstream market accessidorincumbents and the increasing liquidity of

European trading hubs enhances price transparency.

3.4.2 Recent trends towards vertical and horizontal integation
After the analysis of contracting practices for Supply of LNG, the following discussion addresses
corporate structures in the sense of vertical amddntal integration (and non-integration) witltire
LNG industry. The role of private and state-ownetl and gas companies, partnerships, and
organizational forms with respect to the operatbhNG facilities are investigated.
Joint ventures always have been a common form gdirozation within the LNG industry for two
main reasons. First, the large investment costscaged with upstream exploration, production and
liquefaction ventures makes it difficult for oneagie company to develop and finance the project on
its own. Joint ventures are set up in order toesktae risks and financial burden. Partnerships &éetw
private oil and gas companies have formed: e.g.Afaska LNG (ConocoPhillips and Marathon) or
for the North West Shelf Venture in Australia (BiBiliton, BP, Chevron, Mitsubishi/Mitsui, Shell,
and Woodside Energy). Second, a joint venture Withincumbent NOC is likely (e.g., Abu Dhabi,
Egypt, Indonesia, Nigeria, Russia or Qatar). Onate hand, NOCs seek to retain control over natural
gas reserves; on the other hand, private majorgilbote to the partnership technological knowledge
and marketing channels. In summary, 15% of thetiegisiominal liqguefaction capacities are owned
and operated by joint ventures between private rmajthe majority of 76% is controlled by
partnerships between NOCs and private partnersthentemaining 9% of the capacities are operated
by NOCs without any third party (i.e., Algeria, D).
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Forward integration from the upstream to the doweash sectolis a governance form which has

become characteristic for the industry with playesstrolling capacities along successive stages of
the value chain. Upstream producers aim to berfefim downstream margins. One recent
phenomenon is the increasing employment of selfraoting. Thereby, the seller concludes for a
sales-and-purchase agreement with its own markefitigite as has been realized at Qatar’s Qatargas
and Rasgas liquefaction projects (Exxon Mobil, @&etroleum, and Total), in Trinidad/Tobago (BP,
Repsol, and BG), or Norway (Statoil and Gaz de €&garin Nigeria, the first three trains of the Bgnn
Island venture were dedicated to traditional loggrt take-or-pay contracts concluded between the
venture and European buyers. For trains 4 andcbritrast, Shell and Total (holding equity shares in
the liquefaction plant) self-contracted certainwoés. In total, eleven companies have self-cortdact
for about 1,660 bcm of LNG over the period from 2@06 2025 (IEA, 2009b, p. 527).

In one version of this commercial business modw, LNG export project is operated as a tolling
facility selling the services of liquefaction, sage, and loading to the LNG merchant (see alsceNjss
2004; 2006) and natural gas producers rather thewventure become the sellers of natural gas. This
structure has been adopted for example in Egyptevie BG Group and BP act as merchant traders
at the Idku plant and the Spanish Union FenosaeaDiamietta facility. Alternatively, the venture’s
project partners buy the LNG from the project.

The unbundling of transportation assets and ses\ioen rigid export-import project relationshipsais
major precondition for flexible trade and the cohtif non-committed shipping capacities has become
of strategic value in today’'s LNG market. Privalayers have invested in a significant number of
vessels during the last decade: Shell controlsaBfiecs through joint ventures and direct ownership
Exxon Mobil and Qatar Petroleum have a fleet ofsBips. The BG Group owns eight vessels and
recently ordered another four ships. Several otieenpanies entered the midstream shipping stage
during the 2000s (e.g., BP, Gaz de France, andaOSak). As already discussed above, the number of
uncommitted ships has increased from approximaily before 2000 to 49 in 2009 (of a total of 337
ships representing 14% of total shipping capacity).

Self-contracting accompanied with investments poefolio of upstream and downstream positions
and uncommitted ships enables the players to dewigge to send LNG cargoes on a shorter-term
basis and to take advantage of favorable priceitond. Three case studies shall demonstrate the
successful employment of this strategy: Shell disgoof LNG export positions in Australia, Brunei,
Malaysia, Nigeria, Oman, and Russia at the same timt the company holds capacity rights at
import terminals in India and Mexico. It will contie its expansion within the industry and partitépa

in projects proposed for France, Italy, and Bra3imilarly, Total has built up a portfolio of expor
positions in all three exporting regions and imppositions in India, Mexico, and France. Exxon
Mobil and Qatar Petroleum entered a partnershifnénlate 1990s. In order to mitigate supply costs
given the long distance from the Middle East tostoning centers, they constructed the largest

liquefaction facilities (7.8 mtpa trains) and orelgrthe largest vessels (>210,000 m3) ever, thus
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realizing substantial economies of scale. At theesdime, the partners secured capacity rights at
import terminals on both sides of the Atlantic (Botdook in the UK, Rovigo in Italy and Golden
Pass in the US).

Backward integration from the downstream to theingjasn sectors observed, too. Traditional natural

gas distributors increasingly participate in LNGyent ventures, motivated mainly by supply security
considerations: Gaz de France holds shares in Bgigku project and Norway's Snovhit LNG;
Union Fenosa patrticipates in Oman’s expansion ;tiaiidl Tokyo Gas in Australia’s Darwin project.
Also electricity companies, forming part of theendled value chain including natural gas-fired power
production, enter the stage. Whereas Spain’sliM& terminals were operated by Enagas, traditional
electricity companies (Union Fenosa, Endesa, aeddtbla) are now the dominant investors. AES
Corporation, the operator of a 319 MW gas-fired powlant in the Dominican Republic also owns
and operates the country’s LNG import terminal. ciieité de France proposed a regasification
facility in the Netherlands. Some Japanese powedywers even integrate further upstream: Tokyo
Electric Power holds a share in Australia’s Darginject and Kansai Electric will participate in the
Pluto venture. Hunger (2003) and Newbery (2007)vipi® theoretical analyses of the ongoing
convergence of the natural gas and electricityossct

In contrast to these integrated players, therals@®some new entrants into downstream LNG markets
which follow a strategy of non-integratiohVith the upcoming enthusiasm for LNG needs within
North America in the early 2000s, Cheniere Energyerd the market and applied for the
construction of four onshore LNG import facilities the Gulf coast which should be operated as
tolling facilities. The Freeport LNG and Sabine $asojects were commissioned in 2008. However,
as discussed above, the US’ supply-demand balalbeeeda throughout the last years. With the
development of substantial unconventional resouriceseased domestic production is outstripping
higher cost LNG supplies. Thus, the two terminalfes from low utilization rates. Plans to buildeth
additional facilities are dormant at the moment &@nis very unlikely that these projects will be
realized in the next decade. In fact, recent dgratmts have resulted in liquidity problems for the
company and Cheniere had to lay off more thandfaté 360 employees in April 2009.

Another entrant is Excelerate Energy, founded i8919n 2008, the German RWE acquired a 50%
stake in the company. Excelerate employs an ini@vatechnology of offshore, onboard
regasification. Five import facilities have beemeatly been built with the Gulf Gateway (start-up
2005) and Northeast Gateway (2008) in the US, T@essasPort in the UK (2007), Bahia Blanca
GasPort in Argentina and Mina Al-Ahmadi GasPorKimwait (both 2008). An additional facility is
proposed for Germany offshore Wilhelmshaven. Howeirelustry experts report that only minor
deliveries took place up to today through thesditi@s. The non-integrated players still have toye

to be successful in an industry, which a long tihes been a sellers’ market without major
uncommitted export capacities, and in which alsthenlonger-term future, once, the economic crisis

is overcome, importers are expected to continw®napete for global supplies.

74



3.5 Summary and conclusions

This chapter has discussed recent dynamics in ldtelgLNG market, which developed from an
infant towards a mature industry during the lastadie. Capacities along all stages of the valuenchai
more than doubled since 2000 and numerous plagets)tries as well as companies, entered the
market. Long-term contracts gained in flexibilitpdaare increasingly accompanied by short-term
trades. Whereas the early industry typically waaratterized by ex-ship take-or-pay contracts
concluded between the upstream project and dovamstrdilities with the import terminal being part
of the integrated value chain, today, explicit egton flexibility regularly is requested. LNG plers
increasingly invest in a portfolio of import positis and uncommitted shipping capacities enabling
flexible trade. Some new import terminals are ofgeras merchant terminals, receiving spot cargoes
and lacking any long-term supply contracts (eridjd's Hazira facility), others are operated abrtgl
facilities, with the owner selling unloading, stgea and regasification services (e.g., UK’s Grain
LNG).

The coming five years will see expansions in ex@ortl import capacities even though the recent
decrease in global energy demand, falling cashd]amd a tight credit market have led to a drop in
investments in large-scale energy projects. Load tames in the construction of LNG facilities risu

in a delayed supply response to the demand grobabreed during the past five years and numerous
projects which currently are under construction sthrt operation until 2015 creating an oversupply
in the market for the short-term. On the supplesitie Middle East will become a major exporting
region and amplifies the globalization of the natigas market delivering LNG to both Atlantic and
Pacific Basin customers. On the demand side, emgegionomies in Asia represent a major source of
uncertainty concerning future LNG demand and coitipetfor global supplies. For the longer-term,
the development of LNG depends on several factoch sis natural gas’ relative competitiveness
compared to coal in power generation, environmepudties, or the exploration and cost structure of
unconventional natural gas sources.

Various governance forms co-exist in the LNG indystincluding the poles of spot market
transactions and vertical integration as well asenous hybrid forms such as long- and short-term
contracts, joint ventures and strategic partnesshipequently, the same company chooses different
governance modes along alternative value chainghé&unore, different companies follow varying
strategies even though they traditionally operatesimilar stages of the value chain. These
observations represent a suitable base for empgtgdies investigating firms’ motivations to cheos
alternative organizational structures. Therefohne, following chapters empirically investigate, lzhse
on transaction cost economics and recent extensiameof, i) the likelihood of vertical integration
and the impact of inter-organizational trust on tm®ice of more or less hierarchical governance
modes; ii) the relationship between strategic pmsitg in the market, relationship-specific
investments, and governance form, iii) and the@hoi optimal contract duration of long-term supply

contracts.

75



3.6 Appendix

Figure 19: Development of world natural gas consumtjon
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Figure 20: Development of vessel capacity by statp year
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Figure 21: Development of shipping capacities
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Table 6: Existing and proposed liquefaction facilites as of 2009

Country Existing Nominal Under Nominal Proposed Nominal
sites capacity construc- capacity capacity
[mtpa] tion [mtpa] [mtpa]
Atlantic Basin
Algeria 2 20.2 1 4.5 - -
Angola - - 1 5.2 - -
Egypt 2 16.2 - - - -
Equatorial Guinea 1 3.7 - - exp. 4.4
Libya 1 0.6 - - exp. 3.2
Nigeria 1 20.3 - - 3 40
Norway 1 4.3 1 0.3 - -
Trinidad/Tobago 1 14.8 - - exp. 3
Venezuela - - - - 1 4.7
Total 9 80.1 3 10 4 55.3
Pacific Basin
Australia 2 19 1 4.3 5 37.5
Brunei 1 7.2 - - - -
Indonesia 3 35.1 - - 2 4
Malaysia 1 22.7 - - - -
Peru - - 1 7 - -
Russia 1 9.6 - - 1 7.5
us 1 1.4 - - - -
Total 9 95 2 11.3 8 49
Middle East
Abu Dhabi 1 4.8 - - - -
Iran - - - - 3 28.8
Oman 1 10.7 - - - -
Qatar 2 35.7 exp. 31.2 exp. 7.8
Yemen - - 1 6.7 - -
Total 4 51.2 1 37.9 3 36.6
Total 22 226.3 6 59.2 15 140.9

Source: Own depiction based on data from variolsigy available sources
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Table 7: Existing and proposed regasification fadilies as of 2009

Country Existing Nominal Under Nominal Proposed Nominal
sites capacity construc- capacity capacity
[mtpa] tion [mtpa] [mtpa]
Atlantic Basin
Argentina 1 2.2 - - - -
Belgium 1 6.3 - - - -
Brazil 1 1.6 1 3.7 2 3.6
Canada - - 1 3.6 5 24.1
Canaries - - - - 1 1.3
Croatia - - - - 1 7.3
Dominican Republic 1 2 - - - -
France 2 10.7 1 6.1 4 19.3
Germany - - - 2 11
Greece 3.3 - - - -
Ireland - - - - 1 3
Israel - - - - 1 2.9
Italy 1 2.6 3 21.3 13 75
Jamaica - - - - 1 11
Mexico 1 3.6 - - - -
Netherlands - - - - 4 24.7
Portugal 1 4 - - - -
Puerto Rico 1 0.7 - - -
Spain 6 33.5 1 5 - -
Turkey 1 4.6 - - 1 ~3
UK 3 20 1 4.5 3 15.7
Uruguay - - - - 1 2.6
us 8 88.7 3 29.6 25 ~51
Total 29 183.8 11 73.8 65 194.6
Pacific Basin
Chile - - 2 4
China 3 9.3 2 6 12 45
El Salvador - - - - 1 0.8
Hong Kong - - - 1 3
India 2 8.6 1 5 7 22.5
Indonesia - - - - 4 9
Japan 23 176.3 1 3.7 5 ~10
Mexico 1 7 1 3.8 4 20.9
Philippines - - - - 2 2.4
Singapore - - 1 3 - -
South Korea 4 53.6 - - 1 5
Taiwan 1 7.4 1 3 1 3
Thailand - - 1 5 - -
Total 34 262.2 8 29.5 40 115.6
Middle East
Dubai - - - - 1 3
Kuwait 1 3.8 - - - -
Pakistan - - 1 3 - -
Total 1 3.8 1 3 1 3
Total 63 449.8 20 106.3 105 310.2

Source: Own depiction based on data from variolnigly available sources
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Figure 22: Import country matrix
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Figure 22 classifies LNG import countries accordingheir dependence on natural gas imports in the
form of LNG and the level of proposed new capasifierespective of the probability of realizatioh o
these capacities). Quadrant | thereby indicatestces with a high dependence on LNG imports and
a high level of proposed new capacities which wauldicate a low level of short-term physical
supply security. No country is situated within tlaieea. In contrast, there are many players within
Quadrant 1l, characterized by numerous project @safs, too, but a low dependence on imports.
These markets are expected to grow (e.g., Chirdia)lff Diversification of energy sources and
natural gas supply routes is one motivation to edpBNG capacities (e.g., France, Italy). Other
countries have to come up against decreasing dangsduction (e.g., UK, Netherlands) or plan to
expand re-exported volumes (e.g., Mexico, Canadd, Quadrant Il mainly represents (potential)
new entrants into the LNG market (e.g., Brazil, Kitjvand small players in the market (e.g., Greece,
Turkey, Belgium). Quadrant IV includes mature méskeith a high dependence on LNG imports

where significant investments have been realizéddrpast (e.g., Japan, Spain).

2 The US represents an exemption due to the red¢wmmtge in the domestic supply-demand balance. Rsojec
proposed during the last decade not being undestieation yet are very unlikely to be realized lie hear- to
mid-term.
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Table 8: EIA Annual Energy Outlook projections overtime (reference case)

Year of Supply sources Net imports Average
publication annual
increase in
demand (%)
1999 . History Projections N =I5 History Projections 1%
Louwer 45 1o Consumption
(p- 71) 30 - Net imports for the
R Production period 1999-
romointional | % 2020
N Lower 48
o M offshore
20 -
T ——— Tower 48 AD
Alaska ~
01 970 1980 1990 2000 2010 2020 01’ 970 1980 1990 2000 2010 2020
- Most production expected from - Most imports from Canada
conventional sources
- LNG not expected to grow on a
- Unconventional: ~7 tcf in 2020 significant scale
(200 bcm)
2004 10-  History Projections Lower 45 NA 6- History Projections 1.4%
unconventional 5- Overseas
(pp. 90-91)| - . S for the
e VY entionad |5 period 2002-
onshore Canada 2025
4- Lower 48 NA 2=
offshore
—— i
2- Lower 48 AD
0 D, —‘:v_/——-Mexicn
0 Alaska I
1990 1995 2002 2010 2015 2020 2025 ) 1970 1980 1990 2002 2015 2025
- Most production expected from - LNG expected to gain in importange
unconventional sources with ~5 tcf in 2025 (140 bcm)
- Unconventional: ~9 tcf in 2025
(255 bcm)
2 00 9 15~ History Projections 2 History Projections O . 2%
.
(pp 77-78) /h—%amzwmzmml 3- for the
5 . period 2007-
. overseac v | 2030
5 Offshore . " | (decline in the
Onshore conventional ‘\"'\ short-run for
/_ Alaska -1- Mexico 2008_2011)
01990 2000 2007 2020 2030 . 1990 2000 2007 2020 2030

- Significant potential of
unconventional sources forecasteq

- Unconventional: ~12 tcf in 2025
(340 bcm) and ~14 tcf in 2030
(400 bcm)

)

- LNG prospects corrected
downwards with ~1 tcf in 2030
(28 bcm)

Source: Own depiction based on EIA (1999, 200498)0
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Figure 23: Supply costs for potential sources of gadelivered to Europe (USD/MBTU)

RUSSIA

Trinidad

and Tobago ,—— q_,
5.8
5&5"
Nigeria | TURKMENISTAN
Trinidad ) -\ 4o -
and Tobago N\UAZERBALIAN. ) s
$5.89 ; T N3257 5 IRAN

: N ]S IRaQ- \%
i < 2 v R
‘Nigeria S i

—"_ ALGERIA LIBYA EGYPT "\ Qatar $4.05

Source: IEA (2009b, p. 482)

Figure 24: Average LNG import prices (monthly data)
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Figure 25: Oil-linkage in long-term natural gas cortracts
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Origin Nitrogen| Methane Ethane Propahe Q4+ LNGsidgn Gross calorific value
% % % % % kg/m3 MJ/m3 [gas]
Algeria-Arzew 0.6 88.0 9.0 2.0 0.5 464 44.1
Algeria-Beth. 1 1.2 87.6 8.4 2.1 0.7 469 44.0
Algeria-Beth. 2 0.9 91.4 7.2 0.5 0.0 451 42.1
Algeria-Skikda 1.0 91.2 7.0 0.7 0.1 453 42.2
Egypt-Damietta 0.08 97.7 1.8 0.2 0.2 427 40.8
Egypt-ldku 0.0 97.2 2.3 0.3 0.2 430 41.0
Equat. Guinea 0.0 934 6.5 0.0 0.0 439 42.0
Libya 0.7 81.6 134 3.7 0.7 485 46.6
Nigeria 0.1 91.3 4.6 2.6 1.4 458 44.2
Norway 0.8 91.8 5.7 1.3 0.4 451 40.1
Trinidad/Tobago| 0.0 96.8 2.7 0.3 0.1 432 41.0
Abu Dhabi 0.3 84.8 13.2 1.6 0.1 467 44.9
Oman 0.4 87.9 7.3 2.9 1.6 470 45.3
Qatar 0.4 90.1 6.2 2.3 1.0 460 44.0
US-Alaska 0.2 99.7 0.1 0.0 0.0 423 39.9
Australia 0.1 87.4 8.3 3.4 0.8 467 45.3
Brunei 0.1 90.6 5.0 2.9 15 461 44.6
Indonesia-Arun 0.2 90.7 6.2 2.0 1.0 457 43.9
Indonesia-Badak 0.0 91.2 5.5 2.4 0.9 456 43.9
Malaysia 0.3 90.3 5.3 3.1 1.1 461 44.3

Source: GIIGNL (2008, p. 8)
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4 Inter-organizational Trust as a Shift Parameter in the Extended

Transaction Cost Framework

4.1 Introduction

Even though the huge body of empirical literat@wsting transaction cost economics’ predictions has
increased the understanding of post-contractua-tip| transaction cost economics in its basic fisrm

a static concept taking the institutional environtnas given. This has been a major point of csititi
and motivated Oliver Williamson to introduce anexndion of the transaction cost economics model.
The shift parameter framework investigates how tipeimal choice of governance changes in
response to dynamics in the institutional environm€hanges in exogenous parameters (such as the
stability of property rights, improvements in caur law, reputational effects in networks, or vagyi
levels of uncertainty) will shift the relative cesbf alternative governance structures. The impéct
both transaction characteristics and the instihaticenvironment on governance choice are analyzed
(Williamson, 1991b).

Transaction cost economics discusses post-conéldtaizards under the assumption that the investing
party faces an opportunistic counterpart with fdrnz@ntractual arrangements and internal
organization being the only possible safeguardgagax-post expropriation of quasi-rents. However,
inter-organizational trust, a concept intensivetydged in social sciences and psychology, can
attenuate the incentives to behave opportunisficdthmediate gains from opportunism must be
traded off against future costs since unreliableab®r would be punished with respect to future
exchange relationships. The presence of inter-izgdonal trust should enhance information
exchange, support conflict resolution, and decré@sesaction costs. Thus, trust reduces the need fo
hierarchical controls and should favor the choitkess hierarchical (i.e., more relational) goverca
modes.

The following study contributes to the empiricéétature an analysis that examines the effect tf bo
transaction characteristics and the institutiomslirenment on the choice of governance in the dloba
LNG industry where vertical integration and strategpartnerships have become a common
organizational form at the same time that shorteade is continuously increasing in volume. Using
a dataset of 237 corporate-specific value chainmtrbduce inter-organizational trust as a shift
parameter. First, following transaction cost ecoiwsmit is hypothesized that specific investments
under uncertainty provide incentives to integratertically. Second, it is argued that inter-
organizational trust changes the relative costgedical integration and non-integration and supgpor
less hierarchical governance modes.

These economic relationships are tested i) based probit model to explain the binary choice
between vertical integration into midstream shigpémd non-integration and ii) based on an ordered
probit model to explain the degree of vertical gnggion (i.e., non-integration versus integratioconi

upstream or downstream into midstream shippingugeistegration along the whole value chain).

83



Estimation results provide broad support for tratiea cost economics by showing that relationship-
specific investments in an uncertain environmeitedt NG companies to invest in successive stages
along the value chain. The presence of inter-omgditinal trust increases the likelihood of less
hierarchical governance modes. The considerationa oshift parameter further enhances the
explanatory power of the model supporting the némdempirical studies accounting for both

transaction cost variables as well as variabletuciay dynamics in the institutional environméht.

4.2 Literature review

Empirical literature testing the shift parameteainfiework is rather scarce. The first application is
Oxley (1999) who investigates the impact of intetllel property protection on the structure of inter
firm technology transfer alliances linking US anohAJS firms. Finding support for transaction cost
economics’ hypotheses she shows that more hiecadchlliances (i.e., equity joint venture instedd o
a contractual alliance) are more likely in the prae of weak intellectual property protection. A
strong protection of intellectual property is actdé only when property rights are easy to establish
interpreted broadly and strictly enforced. Weakt@cton will result in an increased appropriability
hazard and support the choice of more hierarclgioaérnance modes.

Henisz and Williamson (1999) discuss the concephift parameters for national and multinational
firms focusing on the impact of weak (respectivetyong) property rights and on the stability of
contract law on governance choice (e.g., partngrbeiween the foreign and a host-country firm).
They argue that within a single country, the chdikenainly determined by the attributes of the
transaction. Comparing corporate behavior over meacross countries, a higher credibility of the
institutional environment (i.e., secure propertghts, stable contract law) will support complex
transactions and governance forms. High politiGaands should support partnering of multinational
firms with host-country entities.

Gulati and Nickerson (2008) analyze the impactnéér-organizational trust as a shift parameter on
governance choice and the performance of exchaslgtonships in the US auto industry using a
survey of component buyers at Ford Motor Compardy @hrysler Corporation. Estimation results of
a three-stage switching regression méfdalipport transaction cost theory’s predictions tiian the
authors’ hypotheses of exogenous trust enhancimfprpgance both directly and indirectly are
confirmed. On the one hand, an increase in intgamzational trust directly enhances firm
performance; on the other hand, it shifts the lit@d of organizational choice from hierarchy te th
market (i.e., a more expensive mode of governasicailbstituted by a less expensive one) and hence

indirectly enhances firm performance, too.

% This chapter builds on Ruester (2009b).

4 |n the first stage regression, inter-organizatiansst is explained as a function of exchangehattes and a
number of antecedents of pre-existing trust; theoisé stage explains governance choice (i.e., bily, and

make) as a function of transaction attributes &edpredicted level of trust; the third stage switghregression
explains exchange performance as a function of gavee choice, transaction attributes, and theigiextllevel

of trust.
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4.3 Theoretical background

The following paragraph discusses the concept tefr-Horganizational trust and its relation to inter-
personal trust. It is assessed whether relatiomal #ormal contracts should be regarded as
complements or substitutes. After a formalizatiérihe shift parameter framework, industry-specific

propositions are derived.

4.3.1 Inter-personal and inter-organizational trust

The past decade has shown increased interestéstigating the sources and consequences of trust in

economic exchanges. Recent literature encompasses

LD

rch in the fields of social psychology,
organizational theory, strategic management, basirt@story, and economics. Gulati and Sytch
(2008) provide a detailed literature review, Guéatd Nickerson (2008, p. 690) a survey of empirical
studies showing that trust is an important elenoémarket exchanges.

Traditional transaction cost economics arguesédkahange relationships involving non-redeployable
investments create ex-post bilateral dependencyaimerability to opportunistic behavior, trust doe
not yield a reliable safeguard unlike formal modégovernance. On the contrary, trust is understood
as an important mean to mitigate relational rigkghie social science literature which argues that
economic players may not always behave opportgaisti There is an emerging view that in the
governance of exchange relationships non-econasoigial factors complement economic ones (see
e.g., Zaheer and Venkatraman, 1995)oolthuis et al. (2005, p. 816) argue that “...tlssuamption
that actors have an intrinsic tendency to keep mesnis as true as their likelihood to behave
opportunistically.”

A narrow definition is called for when delineatitige concept of trust from traditional economic
terms. Zaheer et al. (1998, p. 143) define trusttas expectation that an actor (1) can be reliedo
fulfill obligations, (2) will behave in a predicteomanner, and (3) will act and negotiate fairlyemwh
the possibility for opportunism is present.” In etlwords, trust is based on reliability, predicliai

and fairness. Similar definitions appear in Woakhet al. (2005, p. 816), Gulati and Sytch (2008,
p. 167), and Gulati and Nickerson (2008, p. 689).

Dispositional trust reflecting expectations abotme ttrustworthiness of others in general is
distinguished from relational trust which is basmu experience and interaction with a particular
exchange partner (Zaheer et al., 1998; Gulati amchS2008Y° The focus of the following discussion
will be on the latter. Williamson (1993a) distinghés calculative trust (i.e., refers to a ratidoam

of trust built upon reputation and can be undestioterms of risk), personal trust (i.e., altrigst
behavior not depending on calculations of selfregé but being motivated by benevolence), and

institutional trust (i.e., derives from social aodjanizational embeddedness). Partly in line whil t

%5 Zaheer and Venkatraman (1995, p. 374) discussiegamplementarity of social and economic facttasrc
that “the significant social component in econoradation is generally ignored in economic explanatiaf
exchange activity, and is frequently consignechtodrror term or to ‘noise’.”

%6 Woolthuis et al. (2005) discuss ‘competence trasi ‘intentional trust’ which correspond to disitiosal
and relational trust respectively.
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last classification, Gulati and Nickerson (2005%cadiss exogenous trust (i.e., arising out of past
interactions) as opposed to endogenous trust ifiteinsic to the governance mode). Organizational
arrangements may reduce the likelihood of oppostimbehavior since they provide a basis for trust
by creating incentives, providing administrativentols and a means for solving disputes.

Trust in its relational form can be understood aseadogenous variable being determined by the
history of prior interactions between trading partnas well as by their evaluation of the futurliea

of the relationship. For example, potential pagnean jointly adjust the incentives to make
trustworthy behavior an economically preferable impt select firms which engage in non-
opportunistic behavior, etc. Trust increases dueaming about the partner and his likely behag®r
well as due to improved coordination processes gnfioms. Contracts furthermore are self-enforcing
if the present value of continuing the relationshiteeds the value of deviating from the implicit
contractual terms. Fehr (2009) provides a litemtaview on recent research addressing the presence
of inter-personal trust and its formation.

A trust relationship becomes particularly valuaiblesituations characterized by risk and (behavjoral
uncertainty. Higher levels of trust are relateddduced negotiation costs, less severe conflials an
easier problem solving, superior information shgyriand high levels of cooperation. Negotiations are
less costly in the presence of trust because agm@snmare reached more quickly and easily. Trust
mitigates information asymmetries by allowing moggen sharing of information. When unforeseen
contingencies arise, high trust facilitates the efi@@ment of a common understanding about the
contingencies and how they might be resolved. Titesgnce of trust reduces transaction costs by
reducing or eliminating opportunism. Indeed, a namibf papers find that trust in inter-firm
exchanges can be a source of competitive advan@gati and Nickerson (2005) discuss the central
role of exogenous inter-organizational trust inhbdirectly enhancing exchange performance and
indirectly enhancing performance by supporting tee of less hierarchical (i.e., less costly)
governance.

Whereas the early literature focused on inter-pebktrust (relationships between individuals sush a
boundary spanners who handle and manage interiaeggmal exchange), later studies explicitly
delineate inter-organizational trust (relationshiyigsween entities). Zaheer et al. (1998, p. 141ntpo
out that “a fundamental challenge in conceptualjzthe role of trust in economic exchange is
extending an inherently individual-level phenomerntonthe organizational level of analysis. Not
clearly specifying how trust translates from thaliwdual to the organizational level leads to
theoretical confusion about who is trusting whom.”

Gulati and Sytch (2008, p. 171) argue that theesarleast two mechanisms that contribute to the
development of inter-organizational trust from théstory of interaction between individuals
representing their entities (i.e., organizationalifdary spanners). First, emerging interpersonat tr
between boundary spanners is likely to transforitin wime into organizational trust as the initially

informal inter-personal commitments between indigild become routinized and institutionalized at
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the organizational level. Second, the history oériaction between organizational boundary spanners
can foster inter-organizational trust directly &asge individuals are viewed first and foremost as
occupants of constrained organizational roles réatéon between boundary spanners will reflect not
just an inter-personal connection, but also antin&inalized role relationship. Zaheer et al. (299

p. 144) argue similarly that the connection betwéerr-personal and inter-organizational trust is

based on institutionalizing processes. Over tirapeated ties between two firms evolve into deeper,
more stable cooperative arrangements. Informal coments made by individual boundary spanners

become established as organizational structuresr@utthes. Using data on exchange relationships
between electrical equipment manufacturers andr tbemponent suppliers the authors confirm

empirically the high correlation between inter-meval and inter-organizational trust as well as the

negative impact of inter-organizational trust oe ttansaction costs of inter-firm exchange.

4.3.2 Trust versus formal contracts: Complements or substutes?

Empirical evidence about the relationship betweaesttand formal contracts is mixed (Poppo and
Zenger, 2002, pp. 711 ff.; Woolthuis et al., 200p, 813 ff.). Gulati and Nickerson (2008) arguet tha
trust and formal governance modes (i.e., hybrid @sods well as vertical integration) act
simultaneously as both substitutes and complements.

Trust can be understood as a substitute for forcoakracts. If trust exists when firms enter an
exchange relationship, it mitigates some of thetremting hazards associated with the exchange
relationship which in turn results in a higher exebe performance since formal governance is
substituted by less formal (i.e., less expensivgawizational forms. On the other hand, trust daa a
be understood as a complement for formal contrachscing ex-ante and ex-post transaction costs and
facilitating joint problem solving in cases wheraedpected contingencies arise. Hence, exchange
performance will be superior when trust operateth iormal contracts regardless of the chosen
governance structuré.

Poppo and Zenger (2002) find empirical evidencetlier complementarity of formal contracts and
relational governance in the outsourcing of infatioraservices with both organizational forms having
a positive impact on exchange performance. Wodtletial. (2005) investigate the relationship of
trust and formal contracts based on case studyysemlfocusing on collaborative innovations
involving complex transactions, environmental uteiety, and relationship-specific investments.
Trust can successfully substitute for contraces,(a very incomplete contract is accompanied gi hi
inter-organizational trust which results in a swsfel relationship), or trust and formal contratizsy

be complements in the sense that trust is undetste@ precondition for contract negotiations. Gula

and Nickerson (2008) confirm empirically the sinamigity of trust inducing a substitution effect on

2 The complementarity view in some cases is alserfméted as trust being a precondition for negotiaa
complex contract. Pre-existing trust may be necgdsa the parties to be willing to invest in thelationship.
An alternative view comes from social science. @aats may also signal distrust and the active fisecontract
may evoke conflict.
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the optimal choice of governance mode and the cemmghtarity effect of trust lowering the
governance costs of all modes of organization whenexchange hazards are present. They
furthermore find that exchange relationships inirivinter-organizational trust are more successful

than those strongly exposed to opportunistic bedravi

4.3.3 Formalization of the shift parameter framework

As discussed in Section 2.2, transaction cost eo@® studies economic organizations from a
comparative point of view. The choice of the opligavernance mode is determined based on an
economization of the sum of transaction and pradonctosts. The purpose of this chapter is to
consider how the equilibrium of optimal governaxbeice will change in response to disturbances in
the institutional environment. Changes in exogenpasameters, or shift parameters, will have a
disproportional impact on the costs of differentd®s of organization. They may shift the cost curves
via changes in the intercepts and/or slopes and lmagelevant for one or more of the alternative
modes of governance. Figure 26a illustrates theanpf a shift parameter raising’) or decreasing
(A) the intercept of the governance costs of markeh&nge; Figure 26b illustrates the impact of a
shift parameter raisind3() or decreasingg) its slope (i.e., the effect depends on the lefaipecific
investments). These dynamics move the critical eslaf asset specificity determining the optimal

governance choice.

Figure 26: Shift parameter with an impact on a govenance cost curve’s intercept (a) and slope (b)
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In analyzing the optimal governance of technolagysfer alliances, Oxley (1999) hypothesizes that
weaker intellectual property protection increasesdosts of contracting relative to the costs afitgq

joint ventures. The intercept of the contractingtcourve increases which results in a shift of the
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critical level of appropriability hazards to thdtlaand side. More hierarchical governance becomes
more likely. Henisz and Williamson (1999) disculss tmpact of property rights and contract law on
governance choice. Since vertical integration suggaternal conflict settlement, changes in casttra
law will influence only market exchange and hylgimlernance modes. A change in contract law that
improves the quality of enforcement will therefoegluce the governance costs of market and hybrid
contracting as compared to hierarchy. The intescepttheir governance cost curves decrease; less
hierarchical governance modes become more likeliliandson (1991b) discusses property rights
protection as a possible shift parameter. The fd#faexpropriation by the government and/or
expropriation by rivals, suppliers, or customergtatis ex-ante incentives to invest and motivakes e
post safeguards via protective (hierarchical) goapce structures. The governance cost curves for
market exchange and hybrid modes will shift upwanith decreasing stability of property rights.
Further, he argues that improved reputation in awvork will attenuate incentives to behave
opportunistically since the immediate gains fronpanpunistic behavior must be traded-off against
future costs. The governance cost curves for maaket hybrid governance forms will decrease
favoring less hierarchical governance modes. Sgar&i29 to 32 in the Appendix for graphical
illustrations of these applications of the shiftapaeter framework.

The following discussion focuses on inter-organarad! trust as a shift parameter, in particulanstr
engendered by past interactions between the saaaingr partners. As discussed above, prior
empirical work finds that the presence of interagngational trust reduces transaction costs in the
sense of lowering (re-)negotiation costs, facilitgt adaptation, information exchange and joint
problem-solving. In the presence of relationshipesfic investments, inter-organizational trust will
decrease the probability and/or extent of post+emtial opportunistic behavior by the non-investing
party; exchange partners are more likely to avésgutes or to resolve them quickly.

Looking at market exchange, trust will have no &ffen the governance cost curve when exchange
hazards are absent, but otherwise will shift thiweedownward. The impact of trust on the governance
costs of hybrid modes of organization is similanwéver, the decrease will be less significant than
for market exchange since complex contracting niamt lthe effectiveness of trust and may even
dissipate it. Finally, trust is important in hiezhical exchanges as well. Internal disputes between
divisions should arise less frequently, and sholkgy occur, they will more often be resolved by the
partners themselves without recourse to other aititgd The decrease in governance costs will be
lower than for hybrid modes since high levels ofdawcracy and administrative controls limit the
ability of exchange partners to make adaptationlsagmeements independently.

In summary, pre-existing inter-organizational trsisbuld enhance exchange performance independent
of the chosen organizational structure with thifeaf being the higher the less hierarchical the
respective governance mode. More formal governammges will be substituted by less formal ones.
As the level of specific investments deepens, tist of opportunistic behavior as well as the bésefi

from mechanisms that reduce the likelihood of daethavior will increase.
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Figure 27 illustrates Williamson’'s shift paramefemmework applied to the binary decision about
whether to integrate vertically/(), or to use less hierarchical governance modes-ifrtegration,

or NI). In the absence of pre-existing trust, the chaitéhe optimal (transaction cost economizing)
governance form implies using non-integration $ox s* and internal organization otherwise. The
presence of inter-organizational truswill decrease the probability and extent of pamttcactual
opportunistic behavior and reduce governance dostbe presence of asset specific investments:
NI(O, t) = NI(0) and VI(0, t) = VI(0) and the slope of the governance cost curveseflawith
ONI(s, t)/ot < oVI(s, t)/ot < 0 for alls> 0 if t > 0. The critical value of asset specificity shiftoms* to

s* with s* < g™, The likelihood of organizing a transaction wiiththe own hierarchy therefore should

decrease with an increase in the level of inteanizational trust.

Figure 27: Inter-organizational trust as a shift paameter
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4.3.4 Industry-specific propositions

As discussed in Section 3.2, we distinguish upstreaidstream, and downstream activities in the
LNG industry. Firms may specialize in one, two,adlrthree of these segments. First, a number of
players integrate along several stages of the weltai (e.g., the BG Group will control the whole
value chain for deliveries from Idku/Egypt to Brisiditaly which is expected to start operation in
2010; GdF Suez owns a fleet of LNG vessels uséditsport natural gas amongst other from Algeria
to France). Second, there are companies investing portfolio of export and import positions,
thereby focusing a strategy of both vertical andzomtal integration (e.g., Exxon Mobil has intdses

in liquefaction facilities in Qatar as well as indbnesia and holds import capacities in South

Hook/UK and Rovigo/ltaly and recently started inwesnts in Golden Pass/US). Strategic
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partnerships and joint ventures here play an ingportole. Third, a number of new non-integrated
players have entered the LNG market during the destade (e.g., Cheniere, Excelerate Energy).
However, we also observe varying strategies oedkffit companies which are active in similar stages
of the value chain, and one and the same compasgsuiyg different positions along alternative value
chains.

The definition of asset specificity in the LNG irgdty is not straightforward. According to Nissen
(2007a, p. 5), asset specificity is “a propertytioé transportation links, created by the terms of
physical and commercial access [to shipping caipatit In particular, the midstream element of the
value chain is of crucial importance in an industriyh a relatively illiquid shipping market. Post-
contractual opportunism by the counterparty mawdmardous for parties without shipping control, in
other words, ex-ship/cif buyers and fob selfrslowever, the natural gas market traditionally has
been a sellers’ market. The accompanying restrincfuand liberalization of downstream natural gas
(and electricity) markets results in downstream gitgl asset specificity. A player investing in
regasification capacity without having secured $ieppand access to midstream shipping might be
caught in a lock-in situation. LNG sellers profibifin significant bargaining power since importers
competed globally for natural gas supplies. Furtitee, competitive downstream markets facilitate
their access to numerous buyers.

According to the transaction cost approach, idiosgtic assets in uncertain environments lead to the
hazard of post-contractual opportunistic behavipth®e counterparty which in turn results in ex-ante
under-investment and decreasing overall efficier@yganizing transactions within a firm’'s own
hierarchy will avoid ex-post appropriation of quesits. Based on transaction cost economics’

discriminating alignment hypothesis, the first pwspion is derived:

Proposition 1: The higher the share of idiosynardtiownstream) assets in the portfolio of an
LNG firm in an uncertain environment, the highel e the probability of vertical integration

along the LNG value chain.

As discussed above, prior empirical work has fotimat the presence of inter-organizational trust
reduces transaction costs. In the presence ofioeship-specific investments, inter-organizational
trust will decrease the probability and/or exteihpast-contractual opportunistic behavior by theno

investing party; governance costs (i.e., transactamsts) are reduced and overall exchange
performance increases. Since governance costs eftisgyoportionally between governance modes,

less hierarchical modes become more attractivdiigdo the second proposition:

8 Free-on-board (fob): title transfer at the loadjmyrt with the buyer being responsible for shippingst-
insurance-freight (cif): title transfer during vageawith the seller being responsible for shippidefivered ex-
ship (des): title transfer at the unloading potiwvthe seller responsible for shipping.
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Proposition 2: An increase in the level of trustvaeen upstream and downstream players in the

LNG industry will favor less hierarchical modesgaivernance.

It is assumed that the observed governance mogessent efficient choices and that potential
misalignment will result in a re-positioning ortime company ceasing its activities in the induding

to entrepreneurial failure. Since transaction-dpe@erformance data (i.e., performance related to
activities along the LNG value chain) are not peigliavailable, a possible third proposition
hypothesizing that the presence of trust will imse exchange performance independent of the chosen
organizational structure cannot be tested.

The next section describes the econometric modedldeed to analyze the propositions. In the first
step, the determinants that drive players towarttical integration are investigated; in the second
step estimation results for a static transactiost enodel are compared to those of a model that

includes trust as a dynamic factor characteriziwginstitutional environment.

4.4 Data and methodology

4.4.1 Data

The global dataset encompasses corporate investoedravior along LNG value chains from the
beginning of the industry until today. It was cofedifrom various publicly available sources such as
company websites, industry reports, newsletterd jaurnals, etc., and complemented with interviews
with industry experts. The dataset includes ex@ortl import capacities, ownership structures,
investment costs, financing structures, and expangians for liquefaction and regasification prégec
data on the global tanker fleet, including vesselsently listed in shipyard order books, and asesy

of contracting partners, contracted volumes, amdraotual durations.

Using the dataset’'s 66 import and 23 export prejéicticluding all of the existing regasification and
liquefaction plants worldwide and projects undenstouction and expected to be operational up to
2012), existing value chains (historical, actuall @lanned for the near-term) are identified inrst f
step. In a second step, individual companies’ @@s/throughout the chains are analyZete sample
consists of 237 corporate-specific value chaing, dBwhich are situated in the Atlantic Basin and
106 correspond to Asia-Pacific trade. Figure 28 rmanizes the observations in the sample by export
and import region. The large share (~ 50%) of ifiedlt value chains having started operation from

2000 on indicates the growing importance of natgeal trade in the form of LNG.
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Figure 28: Number of observed corporate-specific ae chains by export and import region
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The unit of analysis for studying the determinasftsertical integration is a corporate-specificual

chain. Two alternative measures for integration specified. First, a binary variable indicating
vertical integration from upstream or downstreano imidstream shipping is defined. Both, equity
relationships and long-term charter contracts #aesdied as vertical integration. Even though NIE
considers long-term contracts as a hybrid form @fegnance, it is appropriate to classify long-term
charter agreements for LNG vessels as verticabgrat®n since the ships traditionally have been
dedicated to specific companies and transport soaNer their whole lifetime. The dependent variable
VI'is a discrete measure taking the value of onesibbxserve vertical integration of the player along

the value chaim, and zero otherwise:

VI =

{1 if vertical integration

0 otherwise

In 134 of the 237 observations vertical integratidrthe respective player into midstream shippig i
observed. Second, the degree of vertical integrafiee., no vertical integration versus vertical
integration from upstream or downstream into metstn shipping versus vertical integration along the

entire value chain) is defined as?VI

2 if vertical integration along upstream, midstream downstream
Vli2 =1 if vertical integration from upstream or downstreio midstream shipping

0 otherwise

In 103 of the observations there is no integratioi85 cases integration into midstream shippitkgsa
place, and in 49 cases companies control the armtive chain.
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4.4.2 Explanatory variables

Transaction cost variable®roposition 1 refers to the impact of idiosyncratgsets and uncertainty
on the likelihood of vertical integration. Trandaat cost economics predicts that asset specifisity
the strongest determinant of integrating succesgtages of the value chain into the corporatioma o
hierarchy. Theory shows that the most efficienusoh is trade on a short-term market for exchange
relationships not involving any investment in sfiecassets. Markets become inefficient as bilateral
dependencies arise. Specific investments in enwienris without uncertainty can be secured through
long-term contracts. In contrast, the existencarafertainty results in vertical integration beingrm
efficient. The relative extent of idiosyncratic etss of a player (SPBUs defined as the ratio of
regasification capacity over the sum of regasiftcaand liquefaction capacity the player contrals i
the start-up year of value chaimwith SPEG =i year/ (I, year + li, yea). The variable increases with the
share of regasification capacities in a firm’'s LGrtfolio, mirroring the lock-in situation of a plar
investing downstream in a sellers’ market. It iswtcwiously distributed between zero and one,
including these boundaries.

Due to the high capital-intensity of infrastructuirzestments and uncertainties about the scope of
natural gas fields and price developments, inveggenerally face different risks. In addition, matu
gas fields are often located in politically unseablkegiong’ Several risks can be hedged via
diversification (e.g., upstream exploration sucggssce adaptation and renegotiation clauses logrot
measures (price and quantity risks). Thereforeptilgical risk associated with upstream investrsent
is evaluated as the main driver of uncertainty. Wégable for political uncertainty (UNGs based on
the so-called POLCON-index developed by Henisz @200 his index measures the degree of
constraints on policy change in a country averdgedive-year periods since 1960Various studies
have shown that this measure is a suitable indexpdditical uncertainty testing transaction cost
economics’ hypotheses. | adjust the POLCON-indexhab a high (low) value expresses high (low)
uncertainty; UNC is defined as (1 — POLCON) witNG [1 [0, 1].

To account for transaction cost economics’ propmsithat relationship-specific investments in the
presence of uncertainty drive companies to thernatization of quasi-rents, an interaction term
(SPEC:- UNC) is included.

Shift parametersAs discussed above, Williamson (1991b) proposesnaspotential shift parameter
reputational effects discussed in the context ofadmetworks; Gulati and Nickerson (2005) employ a
measure of exogenous trust based on an assessfriet opinion of the buyer about its supplier
compared to the best alternative partner. Guladi &ytch (2008) point out that the history of prior

interaction is the most important factor determininter-organization trust. Gulati and Nickerson

29 For example, the guerrilla activities of Aceh segiats in Western Sumatra (Indonesia) caused pdeary
shutdown of the Arun liquefaction facility in 2001.

% Henisz (2000) reports the POLCON-index until tiezigd 1990-1994. For observations after 1994 |thse
most recently reported value which is an appropréetsumption, since the index is very stable dweréported
period.
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(2008) employ variables measuring the length ofohisal exchange; Oxley (1999) quantifies the
number of prior alliances between the trading magnFor this study, three proxy variables inditati
inter-organizational trust are defined.

Prior interactions between the same trading pastrieereby are expected to improve exchange
productivity via diminishing coordination and caatting costs. Furthermore, the potential of future
interactions deters exchange partners from engagiogportunistic behavior; short-term gains from a
deviation of implicit contractual terms have to baded-off against long-term disadvantages.
Investments in inter-organizational trust (or repian) represent relationship-specific investments
being sunk in nature. The termination of an exggtirade relationship will imply an increase in
exchange costs (i.e., additional costs for seagchimew exchange partner and higher contracting
costs due to a lack in historical bilateral tradéxgperience).

TRUST1 is a count index of the years of inter-country LN@de before the initiation of the
respective value chain indicating the stock of pideractions between two trading partners. On a
country level, we very often observe the same plagetive in LNG exportation and/or importation
(e.g., Sonatrach is the only exporter in Algeriaz@le France is the main importer in France), which
justifies the choice of this variable as a measufrdrust resulting from past inter-country (and
respectively inter-company) trading experiencesUBR2 indicates whether the value chain is an
expansion project of an already pre-existing vatbeain. For example, ENI is vertically integrated
along the value chain for LNG deliveries from Nigé& Bonny Island facility train 3 to the Sines
import terminal in Portugal where deliveries stdriie 2003. Three years later, the company entered a
value chain representing an expansion of this iegistalue chain including Bonny Island’s trains 4
and 5. TRUST3ndicates whether trading partners already opeslirg value chains between the
same countries since one might argue that duestbntfited number of firms active in the industryet
same trading partners with a high probability wikket again.

Control variables.To account for changes in corporate strategies timee a dummy variable
indicating value chains that came into operatiderat999 (D200pis included. It is expected that
players will encounter a changing environment gittes industry’s rapid expansion and maturation
since the end of the 1990s and that they musttsedexdapt strategies to maintain or gain competiti
advantages as discussed above.

Several dummy variables are used to control fofedifices in corporate strategies resulting from
regional factors that vary between the AtlanticiBawsarket (deliveries to Europe and North America)
where LNG trading hubs already exist or are devefppand Asia-Pacific trade where buyers depend
strongly on LNG imports. EXPARhdicates exporters situated in the Atlantic BaEKPPBindicates
exporters situated in the Pacific Basin; supplidetivering LNG from the Middle East to Europe,
North America, or Asia (EXPMJEare the default category.

CAPOWN accounts for a company’s market share in the ingusalculated as the ratio of the

accumulated liquefaction and regasification capeicontrolled (owned or contracted) by a global
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player over the sum of worldwide liquefaction aedasification capacities in operation at the end of
the respective start-up year of the value chainyef + li yea) / (Notal, year * liotal, yead. COMpanies
controlling significant LNG capacities may be atdebenefit from arbitrage possibilities which inriu
increases the motivation to integrate into midstreahipping, especially when downstream
regasification assets account for a significantelrathe portfolio.

Empirical research on the make-or-buy decisiondingl on transaction cost economics often includes
the size of the transaction or of the exchangenpestas a control variable (e.g., Zaheer and
Venkatraman, 1995; Rosés, 2005; Gulati and Nicker20608; Fernandez-Olmos et al., 2008). The
player’s assets value (ASSET)a proxy variable for firm size and financiatestgth. A positive
relation between vertical integration and ASSET&xpected since companies endued with a strong
capital basis face lower barriers to entry in teahfinding capital-intensive LNG projects.

Finally, the dummy variable STATentifies state-owned entities, thus allowing fiiiferences in
corporate strategies due to a different ownershigtire.

For a survey of all explanatory variables as wslklzeir descriptive statistics see Table 10. Skght
more than half (53%) of the analyzed corporate-i§ipegalue chains in the dataset began operations
after 1999, mirroring this decade’s expanding mmional LNG trade. Asset specificity of the
respective company’s LNG portfolio ranges betweero £no specificity of the investments since the
portfolio is dominated by upstream capacities;,Ngtional Gas Company Trinidad and Tobago) and
one (very high specificity since the portfolio isrdinated by downstream positions; e.g., Korea Gas
Corporation) with a mean of 0.48. The political ertainty index of the exporting country lies
between 0.13 and one with a mean of 0.62. TherlistoLNG trade between two countries differs
widely, whereas some value chains represent teedichange relationships and other value chains
cover bilateral trading experience of up to 37 gedmn 37% of all observations the value chains
represent expansion projects; 22% represent trgplamtmers already operating along value chains
between the same countries. Broken out by regidfg 4f the observations represent value chains
originating from Atlantic Basin exporters, 40% repent Pacific Basin exporters’ deliveries and 16%
involve Middle Eastern suppliers. Players contretween 0.1% (Union Fenosa in 2000) and 30.3%
(Osaka Gas in 1972) of worldwide liquefaction aedasification capacities during the observation
period. Corporate size ranges from USD 358mn dtaknel) to USD 279bn (Japanese Nippon Oil

Corporation)! Finally, 33% of the observed value chains inclatdge-owned entities.

1 If no data was available the firm’s assets valaes wet to USD 10 bn (i.e., Pertamina, National &ibil
Company, and EGPC).
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Table 10: Explanatory variables and summary statists

Characteristic Proxy Unit Denotation| Exp. Mean Std. Min Max N
sign dev.

Proposition 1 (transaction cost variables)

Asset specificity Share of downstream capacitighénplayer’s % SPEC + 0.479 0.446 0 1 237
LNG portfolio
External uncertainty Political instability in thapplying country UNC 0.616 0.379 0.13 1 237

Proposition 2 (shift parameters)

Inter-organizational trust Years of previous inteuntry LNG trade Count TRUST1 - 5.283 8.583 0 37 372

Value chain covering an expansion project of @arbummy TRUST2 - 0.367 0.483 0 1 237
already existing value chain

Firm already active along a value chain betweemummy TRUST3 - 0.219 0.415 0 1 237
the same export and import countries

Control variables

Change in industry structurg  Start-up of the val®in after 1999 Dummy D2000 0.527 0.500 0 1 237

Export region Exporter in the Atlantic Basin Dummy EXPAB 0.439 0.497 0 1 237
Exporter in the Pacific Basin Dumm EXPPB 0.405 .492 0 1 237
Exporter in the Middle East Dummy EXPME 0.156 an3 0 1 237

Market share in the LNG | Capacity controlled by the player (% of total % CAPOWN 0.040 0.052 0 1 237

industry existing export and import capacity)

Financial resources Company size measured by Hetsagalue bn USD ASSETS 63.476  63.628 0.358 £695.2 237

Company type Company being state-owned Dummy STATE 0.380 0.486 0 1 237
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Table 11: Correlation matrix

1 2 3 4 5 6 7 8 9 10 11 12 13 14
VIt 1 1

VI? 2 0.882 1

SPEC 3 0.159  0.103 1

UNC 4 -0.205 -0.151  -0.224 1

TRUST1 5 -0.140 -0.185  0.042  0.104 1

TRUST2 6 -0.092 -0.105 0.040 0.053  0.634 1

TRUST2 7 -0.008 0.011 -0.141  0.055 0.467 0.654 1

D2000 8 0.176 0.336 0.011 -0.068 0011 -0.033 D02 1

EXPAB 9 -0.065 0.067 -0.059 0.330 -0.142 -0.038 28.0 0.173 1

EXPPB 10 0.030 -0.113  0.202 -0.230 0.288  0.138  3.10-0.286  -0.730 1

EXPME 11 0.049  0.067 -0.192 -0.140 -0.195 -0.135 .17@  0.151 -0.380 -0.355 1

CAPOWN 12 0.120 -0.001  0.222 0.004 0014 0.053 ®.09-0.329 -0.100 0.237 -0.184 1
STATE 13| -0.051 -0.119 -0.180  0.242 -0.103 -0.001 .15 -0.148  0.097 -0.150 0.071  0.115 1
ASSETS 14 0.197 0225 -0.365 -0.115 -0.041 -0.066 .008) 0.063 -0.141  0.033  0.148 -0.098 -0.491
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4.4.3 Methodology

In the first step, the probability of observing tigall integration into midstream shipping is expkd
with the dependent variable representing a bin&gice. Binary choice models (see e.g. Greene,
2002, pp. 665 ff., Maddala, 2001, 317 ff.) areasslof qualitative response models. They express th
occurrence of an event or the choice between tvapnatives (i.e., governance choice in this study),

with the probabilities

Py =1x)=F(xp)
(4-1)
Py =0X)=1-F(XB)
where X is the (1 x K) vector of exogenous variabjewith j(1{1,2,...,K} and g the vector of
parameters reflecting the impact of changesXimn the probability. The expected value of the
endogenous variable equefy) = 1- F(XB) + 0- (1 —F(XB)) = F(XB). The objective is to estimate the
effect of exogenous factors on the probability lo$@rving the outcomey' (= 1).
To estimate regression models with a dichotomoitdhénd-side variable, several methods exist. The
simplest model is the linear probability model,uasig that the probability of the dependent vagabl
taking the value of one is a linear functionXofvith Pr(Y = 1| X) = F(XB) = XB. One can show that
Y=EY)+ (Y-EY))=Pr{y= 1| X) + (Y —E(Y)) = X8 + . The marginal effect of on the probability
Pr(y = 1| X) equals the estimated coefficigiit However, since the explained variable takes timdy
values of zero or one, the error term will be heteedastic and depends it Predicted probabilities
may lie outside the [0,1] range and coefficientrestes are very sensitive to extreme realizatidns o
exogenous variables.
Nonlinear probability models are alternative estioramethodologies avoiding the problem of out-of-

range probabilitied=(-) is assumed to be a symmetric cumulative distidnuiunction such that

lim P{y=1x)=1 and lim Py =1x)=0 (4-2)

Xﬁﬂ+oo Xﬂﬂ—oo

The value of the binary outcome is considered tcspecified by an unobservable index function
Y* = XB + ¢ where
1 if Y*20 with Prle=-X8)=F(Xp) 3
0 if Y*<0 with Prle<-XB8)=1-F(XB)

%2 The error term will take the values of (1Xg) and (—Xg) with the respective probabilitieX£) and (1 —Xp).
Therefore,E(e2) = (1 —XB)2 - XB + (— XB)2 - (1 —XB) = (1 —XB) - XB; observations with a probability of
observing the outcome close to one or zero hawavardriance, whereas for probabilities near 0.5vdmeance is
high.
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Parameters are estimated using the method of maxitikelihood with each observationbeing
treated as a single draw from a Bernoulli distiitrut Since all observations are independent wiéh th

success probability P¥(= 1| X) = F(XB), the likelihood function is given by

L=Pl =YY, = v, =X )= [] 0= FX AT FXA)
) Yi= ¥ =1 (4-4)

=[] FxA) a-Flx,)”

Taking natural logarithms, one gets

InL :iZ:l:[Yi InF(Xiﬂ)"'(l_ yi)ln(l_F(Xiﬁ))] (4-5)

with the first order conditions

oinL _Q y,. - f _
TR F)} - o

wheref; is the density function. Marginal effects are aédted byy = oPriox; = oF(Xp)/ ox =F' p = 1.

In this study, a probit modéd employed. The dependent variable is specif'edraunobserved latent
variableVI*. It is assumed thatl* = Xa + ¢ where X is a (1 x K) vector of exogenous variables
representing asset specificity, uncertainty anth&rrindependent and heterogeneous factois, a
(K x 1) vector of coefficients, andis an error term with the cumulative density fumct(g). We will
observeVI' = 1 if VI > 0 andVI* = 0 otherwise. Thus, the probability of observinertical
integration Pi/I' = 1) equals P&(> -Xa) = 1 —F(—Xa) = F(Xa). The probit model assumé$) to be
standard normal. Hence,

Privi* =1)= Tgp(t)dt = (Xa) (4-7)

with the log-likelihood function

InL = Z::[yi In®(Xa)+(1-y, )In(1- d(Xa))] (4-8)
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The level of specific investments is treated agx@pgenous variable. An interaction term combining
specificity and uncertainty is included to accodot the impact of specific investments under
uncertainty on optimal governance choice. To chfecka non-linear impact of firm size on the
integration decision, the asset’s value is inclugteldoth linear and quadratic form into the estiomt

model:

VI =a, +a,SPEC +a,UNC, + aS(SPEQ [(UNC, )+ a,EXPAB + a,EXPPB
+a,D200Q +a,CAPOWN + a,STATE + a,ASSETS+a,,(ASSETS + ¢, (*+9)
wherei indexes a corporate-specific value chain anid the error term. In the second step, inter-
organizational trust as a shift parameter is addéaee models — each including only one of the
alternative measures of trust to avoid multicoliiriy problems with are estimatétlin order to test
for diminishing returns to history in the formatiah trust, TRUSTL1 is included in both linear and
quadratic form. One would not expect exchange psstithat already have transacted for a twenty

years to have twice as much trust as those who tnawsacted for only one decade.

VI = B, + B,SPEG + BUNC, + ,(SPEG [UNC, ) + 5,EXPAB + S,EXPPR
+ 3,0200Q + B,CAPOWN + B,STATE + 8,ASSETS+ B,,(ASSETS? (4-10a)
+ lgllTRUS-n'l + ﬁlZ(TRUST]'I )2 + Vli

VIF = B, + B,SPEG + BUNC, + 3,(SPEG [UNC, ) + 5,EXPAB + 5,EXPPB
+3,D0200Q + B,CAPOWN + B,STATE + B, ASSETS+ B,,(ASSETS?  (4-10b)
+ B, TRUST, +Vv,

VI! = B, + BSPEG + BUNC, + B,(SPEG IUNC ) + B,EXPAB + B,EXPPB
+ 3,0200Q + B,CAPOWN + B,STATE + 8,ASSETS+ B,,(ASSETS? (4-10c)
+ B, ,TRUST, +v,

In order to differentiate between different degreéwvertical integration, a second class of models
following a similar specification is estimated. Thariable Vf shows discrete values (i.e., zero, one,
or two). Since these outcomes represent a ranKimgloes on an ordinal scale, ordinary least sqgiare
is not the suitable methodology. The differenceMeen an outcome of two and one would be treated

the same as the difference between one and zemvefbine, an ordered probit modsl employed

3 A regression including all three variables at $aene time confirms the results presented belowdbes not
significantly improve the overall explanatory poveéithe model.
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(Greene, 2002, pp. 736 ff.). Similarly to the ptahbdel, the ordered probit model is based onemtat

regression with/I>” = Xa + &. With respect to actual governance mode choiceylvserve

VIZ=0  ifVIZ <p with P12 = 0X ) = ®(z, - aX, )
VIZ=1 i g <VIZ <, with PVIZ =1X)= d(u, —aX,) - o(y -aX,) (4-11)

VIZ=2  if g, <VIZ with Pr{V1Z = 2X ) =1- &(u, - aX, )

whereu; andu, are referred to as break points (i.e., unknowraipaiers to be estimated with the

vector of coefficients). The log-likelihood functigs given by

N M

InL :ZZ[In Pr(yi = j|X)EI(yi = j)] (4-12)

i=1 j=1

with the probabilities as defined in (4-11). Thelldwing equations excluding and including

alternative shift parameters are estimated:

VIZ = a, +a,SPEG +a,UNC, +a,(SPEG [UNC, )+ a,EXPAB + a,EXPPB

4-13
+a,D200Q +a,CAPOWN + a,STATE + a,ASSETS+a,,(ASSETS + ¢, (+13)

VIZ = B, + B,SPEG + BUNC, + B,(SPEG [UNC, ) + B,EXPAB + 5,EXPPB
+ 3,0200Q + B,CAPOWN + B,STATE + 8,ASSETS+ B,,(ASSETS? (4-14a)
+ lgllTRUS-n'l + ﬁlZ(TRUST]'I )2 + Vli

VIZ = B, + BSPEG + BUNC, + 3,(SPEG IUNC ) + B,EXPAB + B,EXPPB
+ [,D200Q + S,CAPOWN + SB,STATE + B,ASSETS+ ,810(ASSETS2 (4-14b)
+ [, TRUST2, +v,

VIZ = B, + B,SPEG + BUNC, + B,(SPEG [UNC, ) + B,EXPAB + 5,EXPPB
+ 3,0200Q + B,CAPOWN + B,STATE + 8,ASSETS+ B,,(ASSETS? (4-14c)
+ B, ,TRUST, +v,

4.5 Estimation results and interpretation
The following paragraphs present estimation resilthe probit and ordered probit models explaining

the likelihood and respectively degree of vertiogdgration in the global LNG industry.
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4.5.1 Probit model

Table 12 displays estimation results of nested tsoebeplaining governance choice based on a probit
model with i) Model 1 including only transactionstovariables, ii) Model 2 including furthermore
variables controlling for differences between exipgr regions as well as changes in corporate
behavior over time, iii) Model 3 including additiaity company characteristics, and finally, iv)
Models 4 to 6 accounting for alternative shift paeters®

Both industry-specific propositions can be confidr@mpirically. Estimation results are robust with
respect to alternative model specifications. Thgelikelihood values as well as different informattio
criteria (i.e., Akaike and Bayesian informationteria) indicate that Model 4 which includes
transaction cost variables, all above defined abnariables, and TRUST1 as a shift parameter has
the best explanatory power.

Contrary to transaction cost economics’ predictispgecific investments (SPEC) appear to decrease
the likelihood of vertical integration into midsama transportation for Models 1 and 2; the coeffitie
for the remaining four models is not significantnhdértainty (UNC) is negatively related to the
integration decision which goes in line with Willigon (1971f° However, as theory hypothesizes,

investments in relationship-specific assets ingresence ofincertainty result in a strong motivation

to avoid the appropriability hazards under markeganization and to internalize the transaction
instead. The coefficients of the interaction tema jpositive and highly statistically significantr fall
specifications. This finding reflects recent effordf traditional buyers to increasingly integrate
upstream (e.g., Kyushu Electric and Tokyo Elec#istablished a shipping company in 2005 which
owns and operates LNG vessels).

Model 2 including control variables for the expoegion provides only a slight improvement in
explanatory power compared to Model 1. The varalXPAB and EXPPB have no significant
impact on the decision to integrate vertically ahdre appears to be no difference in corporate
strategies between value chains in the AtlantidrBasich are dedicated to more or less competitive
downstream markets, value chains in the PacifidrBamrket where countries typically strongly rely
upon natural gas imports in the form of LNG, anthgachains from the swing producer region of the
Middle East. An alternative regression accountiogthe importing region (deliveries dedicated to
Atlantic Basin customers instead of to Pacific Basustomers) does not reveal any regional
differences, too.

D2000, the variable controlling for the start-uptedaf the value chain, indicates that vertical
integration is becoming more common, which reflegtdal players’ efforts to establish a portfolio o

export and import positions and shipping capacitesxploit arbitrage potentials. An alternative

% Probit estimation is preferred to the logit mogassuming a logistic instead of a normal distributof the
error term) since the first shows slightly bettendness-of-fit indicators (i.e., Pseudo R?, logifkood values,
AIC, BIC). Estimation results are similar for batktimation procedures.

% A regression using an alternative measure ofipalitnstability in the exporting country (i.e. ghinternational
Country Risk Guide reported by the PRS Group a$ agethe Political and Economic Risk Report pregdre
Aon Corporation) produces similar results.
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model specification including the start-up dateéh#f value chain delivers a similar result. Tesfimg
breakpoints in corporate behavior over time, thenchy variable indicating value chains which
became operational after 1999 shows the highesifis@nce. Access to flexible transport capacities
(e.g., via integration into midstream shipping}he key to a successful employment of this strategy
Rapid industrial expansion when accompanied bysaueturing process prompts firms to internalize
risks inherent in the capital-intensive industrg strategic repositioning and reshaping.

Model 3 which adds variables accounting for corpmgepecific characteristics shows an improvement
of the Pseudo R2? to 0.212. Players controlling rigdia share of world LNG regasification and
liquefaction capacities (CAPOWN) show a higher litkeod of vertical integration. This can be
explained by a higher motivation to integrate inmtmistream shipping to benefit from the portfolio of
upstream and downstream positions.

The value of assets positively relates to the ilikeld of vertical integration (with a non-linearpact

as shown by the negative sign of the variablesmitadratic form). This indicates that larger firms
have the financial capabilities necessary to iniestumerous capital-intensive export and/or import
and shipping capacities.

Finally, the variable STATE is significant, too.dontrast to private firms, state-owned entitiesltt®o
prefer vertical integration as opposed to lessahnidrical governance modes. Upstream NOCs aim to
benefit from downstream margins, several state-owdistribution and power companies moved
upstream to ensure margins and supply security.

The type and scope of the transaction explain nwiche variation in governance modes. Dynamics
in the institutional environment, however, alsoyplan important role. The last three model
specifications include shift parameters indicatimgr-organizational trust. As expected, the presen
of trust supports less hierarchical governancentaséd coefficients of the three variables, TRUST1,
TRUST2, and TRUSTS3, show the expected negative, ssfhough only TRUST1 is statistically
significant. The impact of trust decreases witmisninal level as is indicated by the positive sign

the coefficient of the variable in its quadraticrifo
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Table 12: Estimation results probit model

Specification Proposition 1 Proposition 2
Transaction cost and control variables Trust as a shift parameter included
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
CONSTANT 0.986*** 0.73C** -0.942* -0.802 -0.878* -0.943*
(0.269) (0.328) (0.485) (0.500) (0.489) (0.485)
SPEC 0.779** -0.802** -0.317 -0.398 -0.333 -0.317
(0.368) (0.375) (0.459) (0.471) (0.461) (0.458)
UNC -1.492%kx | - 1 474%* -1.579 *** -1.589*** - 1.57g%x* -1.579 *x*
(0.341) (0.359) (0.390) (0.401) (0.391) (0.390)
(SPEC*UNC) 1.847 %+ 1.90€*** 2.022%* 2.083*** 2.051%** 2.02C***
(0.521) (0.524) (0.580) (0.596) (0.586) (0.583)
EXPAB -0.058 -0.001 0.013 -0.018 -0.001
(0.263) (0.279) (0.281) (0.279) (0.283)
EXPPB 0.017 0.043 0.332 0.085 0.04¢€
(0.270) (0.292) (0.316) (0.295) (0.298)
D2000 0.482%** 0.712 *** 0.747*** 0.728*** 0.712 ***
(0.181) (0.204) (0.209) (0.205) (0.204)
CAPOWN 5.476** 6.025** 5.809** 5.48€**
(2.244) (2.500) (2.343) (2.258)
STATE 0.846*** 0.826*** 0.837*** 0.848 ***
(0.261) (0.270) (0.263) (0.264)
ASSETS 0.021*** 0.01g*** 0.020*** 0.021***
(0.006) (0.006) (0.006) (0.006)
(ASSETS)? -0.0001** -0.0001* -0.0001* -0.0001**
(0.000) (0.000) (0.000) (0.000)
TRUST1 -0.083***
(0.032)
(TRUST1)? 0.002**
(0.001)
TRUST2 -0.246
(0.194)
TRUST3 -0.010
(0.242)
Pseudo R2 0.080 0.104 0.212 0.239 0.217 0.212
Log-likelihood] -149.23 -145.46 -127.78 -123.50 -126.97 -127.78
AIC 306.47 304.91 277.56 272.99 277.95 279.56
BIC 320.34 329.19 315.71 318.08 319.56 321.18
N 237 237 237 237 237 237

*** Statistically significant at a 1%-level; ** stistically significant at a 5%-level; * statistitakignificant at a 10%-level; standard errors in
parentheses. All levels of statistical significaraze based on two-sided test statistics. The loul of the goodness-of-fit indicators is

explained in the Appendix. Marginal effects areorted in Table 16 in the Appendix.
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Model 4, the specification with the best explanaipower, predicts the correct parameter value ef th
binary endogenous variable indicating vertical gnétion for 177 of the observations (75%).
Differentiating between value chains in which we@iye internal organization and those where we do
not, the predictive power is better for the firstha83% and 64% correct predictions respectively
(Table 13).

Table 13: Predictive power probit model (Model 4)

VI' hat=kand VI =k 177 observations (75%)
VI hat=1and VI=1 111 observations (83%)
VI' hat=0andVI=0 66 observations (64%)

4.5.2 Ordered probit model

Table 14 displays estimation results of nested msodeplaining thedegreeof vertical integration
based on an ordered probit model with again i) Mddmcluding only transaction cost variables, ii)
Model 2 including furthermore variables controllifay differences between exporting regions as well
as changes in corporate behavior over time, iii)JdMo3 including company characteristics, and
finally, iv) Models 4 to 6 accounting for alternagishift parameters.

The log-likelihood values and different informatiamiteria indicate again that Model 4, which
includes transaction cost variables, the contralabdes defined above, and TRUST1 as a shift
parameter, is the best suited model.

Both industry-specific propositions can be confidr@mpirically. Estimation results are robust with
respect to alternative model specifications andcargsistent with those found in the probit model
discussed above. Specific investments in the poeseh uncertainty lead to a strong motivation to
integrate vertically; the presence of inter-orgatianal trust reduces the need for hierarchicatrots
and supports the choice of a lower degree of \@rtitegration. Significant control variables also
provide some interesting findings. Vertical intdgra along the whole value chain has become more
common reflecting the players’ attempts to invesaiportfolio of LNG capacities both upstream and
downstream and to exploit arbitrage potentialsteStavned companies tend to be more integrated
than private players; e.g., Qatar Petroleum is edadwmith significant export capacities, a fleet @f 2
ships (together with its partner Exxon Mobil), aredent downstream investments permitting market
access to the UK or Italy for example. Firm size ha expected a positive and decreasing effect on

the degree of vertical integration.
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Table 14: Estimation results ordered probit model

Specification Proposition 1 Proposition 2
Transaction cost and control variables Trust as a shift parameter included
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
SPEC 0.624** -0.722** -0.284 -0.388 -0.324 -0.28C
(0.316) (0.324) (0.387) (0.392) (0.389) (0.388)
UNC -1.122%* | - 1.317%* -1.272 *** -1.268*** - 1,289+ -1.269 ***
(0.301) (0.323) (0.345) (0.352) (0.347) (0.345)
(SPEC*UNC) 1.408*** 1.67€** 1.63C*** 1.775%+* 1.694** 1.629 ***
(0.453) (0.464) (0.494) (0.502) (0.497) (0.493)
EXPAB 0.078 0.104 0.129 0.126 0.09¢
(0.232) (0.241) (0.242) (0.242) (0.245)
EXPPB -0.141 -0.219 0.029 -0.147 -0.227
(0.234) (0.243) (0.257) (0.246) (0.249)
D2000 0.781*** 0.892*** 0.975*** 0.919 *** 0.88C***
(0.162) (0.176) (0.181) (0.178) (0.177)
CAPOWN 3.113* 3.068* 3.231* 3.09E*
(1.672) (1.700) (1.685) (1.675)
STATE 0.497** 0.456** 0.492** 0.492**
(0.212) (0.215) (0.212) (0.215)
ASSETS 0.018*** 0.017*** 0.017*** 0.018***
(0.005) (0.005) (0.005) (0.005)
(ASSETS)? -0.0001** -0.0001** -0.0001** -0.0001**
(0.000) (0.000) (0.000) (0.000)
TRUST1 -0.060**
(0.026)
(TRUST1)? 0.001
(0.001)
TRUST2 -0.243
(0.166)
TRUST3 0.031
(0.200)
Breakpoint 1 0.787 -0.518 0.74C 0.634 0.665 0.737
Breakpoint 2 0.235 0.598 1.95C 1.876 1.881 1.948
Pseudo R2 0.034 0.095 0.151 0.172 0.155 0.151
Log-likelihood] -241.72 -226.38 -212.54 -207.30 -211.46 -212.53
AIC 493.44 468.76 449.08 442.60 448.92 451.06
BIC 510.78 496.51 490.70 491.15 494,01 496.14
N 237 237 237 237 237 237

*** Statistically significant at a 1%-level; ** stastically significant at a 5%-level; * statistitgkignificant at a 10%-level; standard errors in
parentheses. All levels of statistical significarere based on two-sided test statistics. Margiffates are reported in Table 17 in the
Appendix.
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The specified model predicts the correct parameaéire of the endogenous variable indicating the
degree of vertical integration for 133 of the obag¢ions (56%). Differentiating between value chains
in which we observe no internal organization, eattiintegration into midstream shipping from
upstream or downstream, and vertical integrationgkthe whole value chain, the predictive power is
63%, 47%, and 60%, respectivéRable 15.

Table 15: Predictive power ordered probit model (Malel 4)

VI hat =k and VI = k 133 of 237 observations (56%)
VI? hat=0and VI =0 69 of 110 observations (63%)
VIZ hat=1and VI =1 43 of 92 observations (47%)
VIZ hat=2and VI =2 21 of 35 observations (60%)

4.6 Summary and conclusions

This study provides empirical evidence for Williaangs (1991b) shift parameter framework. The
presence of inter-organizational trust shifts tlvegnance cost curves for alternative modes of
organization disproportionally. It can be showntthee-existing trust increases the likelihood afsle
hierarchical governance forms. Hence, the discussib an optimal alignment of transactions,
differing in their attributes, with appropriate gowance structures should take into account both
parameters on the transaction level (e.g., spégifief investments, uncertainty) and parameters
accounting for dynamics in the institutional envineent (i.e., shift parameters).

The ‘LNG rush’ forecasted during the early yearshi$ decade has increased regasification capacity
by almost 80% compared to 1999 levels. Increasirgldwide demand (even though recent
projections are less enthusiastic due to the ecanmession that began in 2007) and the ongoing
process of deregulation in downstream markets Haeeight fundamental changes in corporate
behavior. Many firms are already investing in regilly diversified LNG portfolios and integrate
vertically to internalize risk factors resultingofin investments in capital-intensive infrastructures
Control of transport capacities is a key factooider to benefit from cross-trade opportunities.

Using probit and ordered probit models, the deteamis of vertical integration are analyzed.
Empirical results confirm the industry-specific positions and support classical transaction cost
economics as well as the relevance of shift pararmeThe models show that relationship-specific
investments in the presence of uncertainty faveranchical modes of governance to safeguard quasi-
rents and avoid the hazard of post-contractual dppism. However, pre-existing inter-organizational
trust as determined by the historical relationdlépveen the exchange partners mitigates the need fo
formal controls and favors less hierarchical stites. Trust can also provide a strong, relational
safeguard against opportunism; as Williamson (1998a482) highlights, “breach of contract is

sometimes efficient, even in a commercial contrhett is supported by perfect safeguards. By
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contrast, betrayal of a personal trust can nevesfii@ent. Betrayal is demoralizing.” Summariziray,
complete understanding of governance choice regjuhrat both transaction characteristics and the
institutional environment are considered. The arszarcity of empirical literature testing thefshi
parameter framework suggests fruitful avenues s#aech into alternative shift parameters.

This study has some limitations. First, pre-exgstinter-organizational trust should be regardedras
endogenous variable being determined by prior égpees between the exchange partners (see also
Fehr, 2009). As Gulati and Sytch (2008, p. 166hpout, empirical studies “have focused primarily
on the consequences and not the antecedents of ffhgrefore, two-stage regression models that
explain the level of trust in a first step wouldbstantially improve the analysis. However, it is
difficult to measure inter-organizational trust; studies explaining trust rely on survey data imch

the measure of trust derives from indirect questitnbe answered by key informants. Second, this
study tests only reduced form equations since a@itn costs cannot be measured. Should
performance data on transaction levels become glyldivailable, researchers could investigate the
direct impact of trust on the performance of alsine governance costs. Third, the ability to
distinguish between pre-existing trust and emergiagt, that is, the relationship that developsraur

an exchange and/or over time is critical. Paneh datluding a measure of actual trust levels would
greatly enhance our understanding of the relatipnisétween inter-organizational trust and choice of

governance.
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4.7 Appendix

lllustrations of alternative shift parameter applications
The following figures provide illustrations of altative shift parameter applications including
Williamson (1991b), Oxley (1999), and Henisz andlMfhson (1999).

Figure 29: Shift parameter framework (stability of property rights) in Williamson (1991b)

A Decreasing stability of property rights
Governance M2 () will raise the GC of market and hybrid
costs (GC) governance modes
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Figure 30: Shift parameter framework (increased repitation) in Williamson (1991b)

A An increase in the importance of reputation
Governance in networks will reduce the GC of market
costs (GC) and hybrid governance modes
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Figure 31: Shift parameter framework in Oxley (1999

4 GC* (contract)
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- Even though the governance costs associated wgititiygoint ventures are also likely to rise, theyl do so
at a lower extent. The change in relative govereasts is the relevant factor.

Figure 32: Shift parameter framework in Henisz andWilliamson (1999)

A A change in contract law improving the
Governance quality of enforcement reduces the GC of
costs (GC) market and hybrid governance modes

M1 (s)
L1 (s)
- M2 (s)
Less hierarchical
— governance modes Contractual
become more likely hazards (s)
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Source: Own depiction following Henisz and Williaons(1999)

-> This downward shift of the governance cost cunfasiarket and hybrid organization can also be prited
as an improvement in the intellectual property tsgthereby supporting greater inter-firm contnagti
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Goodness-of-fit indicators

In order to evaluate the goodness-of-fit of altémeamodel specifications, different information
criteria have been proposed. In this thesis, thailékinformation criterion (AIC) and the Bayesian
information criterion (BIC) are calculated in Chayst 4 and 5. Under the condition that the models to
be compared use the same underlying dataset amdhthadependent variable is equal over all
specifications, the model with the smallest infotiora criteria represents the best suited specifinat
Thereby, information criteria trade-off fit (meaedrvia the log-likelihood value) and complexity of

the model (measured via the number of exogenouables). AIC and BIC are defined as:

AIC =-2[(InL)+2[(k)
(A4-1)
BIC = -2[{nL)+In(N)k
with (In L) being the value of the log-likelihood functidnthe humber of parameters to be estimated,
andN the number of observations. The first part of therulas represents the model fit. The larger
this value, the worse the model is suited to explé dependent variable. The second part repesent
a penalty term increasing with the number of regpes Hence, the risk of biased estimates due to
omitted exogenous variables is traded-off agaimstincreasing variance of the error term with every

additional regressor (i.e., with the loss of degreefreedom).
Another goodness-of-fit indicator is the likelihomtio index (or Pseudo R?), defined as

InL
InL,

LRI =1-

(A4-2)

with (In L) being the maximized value of the log-likelihoochétion and (InLo) being the log-
likelihood value of restricted model assuming thktslope coefficients are equal to zero. The index
ranges between zero and one. Even though the nbwailhees have no natural interpretation (Greene,

2002, p. 683), an increase in thRI will indicate an improvement in the fit of the medd
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Marginal effects

Table 16 reports marginal effects of the altermatpwrobit model specifications. The estimated
coefficients from the probit model are difficult toterpret because they measure the change in the
latent variableVI'" associated with a change in one of the exogenausbles. More useful are

marginal effects which are calculated viar(Vl = 1| X)lox = f(X'a)a = ¢(X'a)a (see e.g., Greene,

2002, pp. 667 f.). Hence, the marginal effects waity the values of the exogenous variables. For a
right-hand-side dummy variable, the marginal effectdetermined calculating the difference in
probabilities for the dummy equaling one versusdhemy equaling zero, all other variables hold at
their means.

An infinitesimal change of transaction cost vargbl(i.e., asset specificity, uncertainty, and the
interaction term) has a stronger impact on the gibdity of observing vertical integration than the
presence of inter-organizational trust. It is ferthore interesting to note, that for value chaimsctv
began operation from 2000 on, the probability tlvatobserve vertical integration of the respective
player is more than 25% higher than for the eaglgadies of the industry (e.g., 28.6% for Model 4).

Table 16: Marginal effects probit model

Specification Model 1 Model 2 Model 3 Model 4 Model Model 6
SPEC -0.307 -0.316 -0.124 -0.155 -0.130 -0.124
UNC -0.587 -0.580 -0.616 -0.619 -0.616 -0.616
(SPEC*UNC) 0.726 0.750 0.788 0.811 0.800 0.787
EXPAB -0.020 -0.001 0.005 0.007 0.000
EXPPB 0.007 -0.017 0.128 0.033 0.018
D2000 0.188 0.273 0.286 0.279 0.273
CAPOWN 2.134 2.346 2.265 2.139
STATE 0.313 0.305 0.310 0.313
ASSETS 0.008 0.008 0.008 0.008
(ASSETS)? -0.000 -0.000 -0.000 -0.000
TRUST1 -0.032

(TRUST1)? 0.001

TRUST2 -0.096

TRUST3 -0.004

The marginal effects of an ordered probit modehwih endogenous variable having one of the values
{0, 1, 2} are calculated a8Pr(Vl = 0| X)/ 8x = —¢(us = X'a)o; OPr(VI = 1| )/ ox =[¢ (w1 — X'ar) =
¢(uz2— X 0)] a; andoPr(VI = 2| X) 0X = ¢ (12— X' a)a. The marginal effects sum to zero, which follows

from the requirement that the probabilities sunob®. For a right-hand-side dummy variable, the
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marginal effect is determined by calculating thBedénce in probabilities for the dummy equaling

one versus the dummy equaling zero, all other ksahold at their means.

Table 17: Marginal effects ordered probit model

Specification Model 1 Model 2 Model 3 Model 4 Mb&e Model 6
SPEC VI=0 0.246 0.283 0.111 0.152 0.126 0.110
VIZ=1 -0.074 -0.097 -0.043 -0.063 -0.050 -0.043
VI2=2 -0.172 -0.176 -0.068 -0.089 -0.076 -0.067
UNC VI’=0 0.442 0.517 0.498 0.497 0.505 0.497
Vi2=1 -0.133 -0.177 -0.194 -0.205 -0.200 -0.194
VI2=2 -0.308 -0.339 -0.303 -0.292 -0.305 -0.303
(SPEC*UNC) VF=0 -0.555 -0.658 -0.638 -0.695 -0.663 -0.637
Vi2=1 0.168 0.226 0.249 0.288 0.263 0.248
VI2=2 0.387 0.432 0.389 0.407 0.400 0.489
EXPAB VI’=0 -0.030 -0.041 -0.051 -0.049 -0.038
Vi2=1 0.010 0.016 0.021 0.019 0.015
VI2=2 0.020 0.025 0.030 0.030 0.023
EXPPB VF=0 0.055 0.086 -0.011 0.068 0.089
VIZ=1 -0.020 -0.035 0.005 -0.028 -0.036
VI2=2 -0.035 -0.051 0.006 -0.040 -0.053
D2000 VF=0 -0.300 -0.340 -0.369 -0.349 -0.338
VIZ=1 0.103 0.132 0.151 0.137 0.131
VI2=2 0.197 0.208 0.218 0.212 0.207
CAPOWN VFP=0 -1.218 -1.202 -1.266 -1.211
VIZ=1 0.476 0.497 0.502 0.472
VI2=2 0.743 0.705 0.764 0.739
STATE VIP=0 -0.190 -0.175 -0.188 -0.188
Vi2=1 0.064 0.064 0.065 0.064
VI2=2 0.126 0.111 0.123 0.128
ASSETS Vi=0 -0.007 -0.007 -0.007 -0.007
Vi2=1 0.003 0.003 0.003 0.003
VI2=2 0.004 0.004 0.004 0.004
(ASSETS)? Vi=0 0.000 0.000 0.000 0.000
ViZ=1 -0.000 -0.000 -0.000 -0.000
VI2=2 -0.000 -0.000 -0.000 -0.000
TRUST1 VF=0 0.023
VIZ=1 -0.010
VI2=2 -0.013
(TRUST1)? VF=0 -0.0004
VIZ=1 0.0001
VI2=2 0.0003
TRUST2 VF=0 0.096
VIZ=1 -0.040
VI2=2 -0.056
TRUST3 VF=0 -0.012
Vi2=1 0.005
VI2=2 0.007
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5 Linking Transaction Cost Economics and Strategic Maagement

5.1 Introduction

In recent years, theories drawing upon institutice@onomics (i.e., Williamson’s transaction cost
economics) and the strategic management litergitere Porter's strategic positioning framework and
the resource-based view of the firm) have evoleeexploit the strengths of both disciplines. Thg ke
issue is to determine why different firms withiretiame industry choose to adopt varying strategies.
Empirical work provides strong support for trangattcost economics, but “generally does not
explore how the make or buy decision for a singédaction fits into a firm’s overall strategy”
(Nickerson, 1997, p. 3). In addition, empiricaltieg for alternative theories of the firm is rather
scarce.

This study contributes to the literature an emplir@nalysis of corporate strategies in the emerging
global market for liquefied natural gas linkingeaitiative theories of the firm in order to expldie t
menu of strategic positions recently observed is ttynamic market. Based on a unigue dataset
including all LNG exporting and importing projects well as the LNG fleet worldwide, 237
corporate-specific value chains are identifiedthia first step, three alternative target markeitjmrs

are defined, each supported by an underlying resoprofile. In the second step, determinants that
move companies towards vertical integration arestigated. Industry-specific propositions are téste
by employing a two-step decision making process.

Estimation results provide broad support for theaked positioning-economizing perspective of the
firm; the three strategic choices of target magaition, resource profile, and organizational ce

are interdependent. It can be shown that natiohsrmal gas companies rely on less idiosyncratic
assets than companies following a flexibility st (i.e., investing in a portfolio of export amdgort
positions) and that companies following a flexilyilstrategy rely on less idiosyncratic assets than
chain optimizers (i.e., investing along a singldueachain). Second, transaction cost economics
predictions can be confirmed. ldiosyncratic investils in uncertain environments have a positive

impact on the likelihood of vertical integratiéh.

5.2 Literature review

5.2.1 Transaction cost economics versus strategic managent

Theoretical literature provides a number of appiheacexplaining corporate behavior. All theories of
the firm have their origin in the seminal article Ronald Coase published in 1937 explaining the
emergence of firms by the presence of costs ewpliy using the price mechanism and the
boundaries of the firm by the presence of costinte#frnal organization. One can distinguish two

streams of literature discussing organizationalcstires. Whereas economic approaches are mainly

% This chapter is an update of Ruester and Neun2009].
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concerned with the performance of markets in thecation and coordination of resources, strategic
management approaches focus on the coordinatiorresmirce allocation inside the firm. Rumelt
et al. (1991) provide a discussion on the relatigndetween economics and strategic management.
They compare the historical development of botleidigies and illuminate the contributions of one
discipline to the other. See Langlois et al. (20€®) an extensive survey of articles discussing
alternative theories of the firm.

As discussed in Chapter 2, transaction cost ecar®rdientifies asset specificity, environmental
uncertainty, and the frequency of transactionshasnost significant factors influencing transaction
costs. The hold-up problem arising from a high leok relationship-specific investments in an
uncertain environment with players characterizedbbynded rationality results in costly ex-post
bargaining, ex-ante under-investment, and decrgasfficiency. Organizing transactions within a
corporation’s own hierarchy by internalizing thdosequent quasi-rents avoids these problems.
Concurrently to traditional economic approaches #irategic management literature has also
investigated corporate strategies and organizdtiforans, with ’'strategy’ understood as a firm's
selection of a certain position in the market actilvaies that fit with the firm’s position and vhiteach
other, both chosen to achieve a competitive adgaidtaHowever, no one ideal position along the
value added chain exists for all companies becaus¢omers and markets differ. Porter (1979)
develops a model of five competitive forces (itareats from substitute products, threats from new
entrants, power of suppliers, power of customeard, @mpetition within the industry itself) and thei
impact on corporate strategy. The goal of a cortipetstrategy is to find a position in the industry
where the company can best defend itself agaieseticompetitive forces or can influence them in its
favor (Teece, 1984).

According to the strategic positioning frameworkere are cost-based and differentiation-based
positions. Porter (1996, p. 62) discusses ‘opematieffectiveness’ (performing similar activities
better than rivals perform them) and ‘strategicifimsing’ (performing different activities from rals

or performing similar activities in different way$)He further argues that for companies to survive,
they must be both flexible and able to respondnactural changes within their industry. A company
can outperform rivals only if it can establish atdé competitive advantage.

The resource-based view of the firm focuses orsrdatived from unique and imperfectly imitable or
substitutable resources. Differences in firm perfance are assumed to signal differences in resource
endowments. Organizational resources (such as raaahgbility, firm-specific language, routines,
knowledge transfer capabilities) are distinguistienin technological resources (such as physical

assets, innovations protected by patents, techiwallogompetences) and reputational resources (such

3" Porter (1996) defines strategic positions (the etgriof the company’s products and services based on
customer needs and customer accessibility), aesvifunctions that create, produce, and delivedpcts or
services) and fit (consistency between each agtantl the overall strategy as well as reinforceent

% In other work it is often referred to differentit, cost leadership, and cost focus (e.g. Pat@85; Nickerson

et al., 2001).
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as consumer trust, brands, established networksitatonal capital). Competitive advantage and
superior performance are derived from developieglaying, and protecting these resources.

Similar to Porter’s strategic positioning framewptke capabilities view is a dynamic concept in
which firms need to match resources and capalsilitechanges in the environment if they wish to
attain optimum performancé®.The capabilities view suggests that the choicéntdrnalization of
activities into the firm's own hierarchy is detemad, at least in part, by the relative strengths of
internal and external capabilities (Langlois, 1992 capabilities being defined as the knowledge,
experience and skills of the firm. Some activitreay be similar (i.e., draw on the same general
capabilities) others may be complementary (i.eapeated along the value chain). Where activities ar
both, similar and complementary, internal orgamizatwill be a suitable governance form.
Dissimilarity in turn will make integration costi¥Dpportunities for growth from a diversification of
activities are thus limited (see also Teece andri®is1994). Some authors have explicitly examined
the relationship between relative capabilities @imel choice of a governance mode (e.g. Argyres,
1996).

Williamson (1991a) already discusses that transagtost economics can make several contributions
to the field of strategic management. He distinigesstwo branches of strategy: strategizing (mamly
the sense of exercising market power) and economiZiadapting efficiently to changing
environmental conditions and aligning transactievisch differ in their attributes to appropriate
governance modes that differ in their competend&$jereas the market is superior for autonomous
adaptations, internal organization should be fadoire cases where coordinated adaptations are
necessary. Whereas the strategy view highlights ftben a firm's perspective advantageous
consequences of integration (such as enhanced ibaapower), transaction cost economics
explicitly considers both, costs (such as high auceatic costs) and benefits. Williamson therefore
argues that “... firms that mindlessly integrate werakhemselves in relation to nonintegrated
rivals” (p. 83) and concludes that in the long funthe best strategy is to organize and operate
efficiently” (p. 75).

5.2.2 Recent trends toward a synthesis of competing thei@s

Empirical work provides strong support for trangattcost economics, but “generally does not
explore how the make or buy decision for a singéndaction fits into a firm’s overall strategy”
(Nickerson, 1997, p. 3). In recent years, sevetah@s have developed theoretical approaches

combining economics and strategic management titeraWhereas the economic literature analyzes

%9 Winter (2003, p. 991) founds the concept of orgational capabiliies on the broader concept of
organizational routine: “An organizational capapilis a high-level routine (or collection of routis) that,
together with its implementing input flows, confengon an organization’s management a set of dectgitions
for producing significant outputs of a particulagppe.” He further distinguishes ordinary capabitié.e.,
permitting a firm to operate in the short-term) athyghamic capabilities (i.e., capabilities necesdargxtend,
modify and create ordinary capabilities).
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markets in which various firms are active, theteyg& management literature examines the behavior
and the performance of individual firms without amplications for the industry as a whole.

In an early paper, Day and Klein (1987) discussditerminants of cooperations between firms along
value chains from two perspectives, a market failpproach (i.e., transaction cost economics) and a
strategic management approach. Whereas the maikatef perspective focuses on the formation of
vertical cooperations as a mean to safeguard fagasnst opportunistic behavior by the counterparty
in cases where bilateral dependencies evolve egitabehavior is largely ignored. The level of ex-
ante competition is taken as given, whereas thaegfic perspective focuses on competitive and
anticompetitive strategies. Day and Klein argue tha creation of relationship-specific assets inay

a key ingredient of a competitive strategy (elg.thie case of product differentiation). They codelu
that “... to fully appreciate vertical linkages, onaust understand both the effect of competitive
markets on strategy formulation and the effect afrkat failure on strategy realization. To ignore
either element is to miss the adaptive nature ofpmiitive strategy and cooperative behavior” (p. 62
They suggest that future research should combinstegic management and transaction cost
economics.

Nickerson (1997) develops an extension of the Wasitsaction cost economics framework in order to
transform Williamson’s theory from an ‘economizirigeory of organization’ focusing on the
discriminative alignment of transactions to goveiceforms into an ‘economizing theory of strategy’.
Pointing out that “a firm’s strategy is more thandlection of independent transactions” and that t
activities a firm chooses to undertake must somehewelated and reinforcing (p. 2), he combines
strategic management and transaction cost econotidbe so called ‘positioning-economizing
perspective’ and argues that decisions regardingkehaposition, resource investments, and
governance mode are interdependent. A target madsition is supported by a resource profile that
in turn determines the organizational choice of@.fSee Section 5.3 for a more detailed discussion
of this theory”?

Building on Day and Klein (1987) and Nickerson (IR9Ghosh and John (1999) develop a similar
model. Their ‘governance value analysis’ starthwifilliamson’s model linking transaction attributes
to governance modes and then adds positioning tfie.target market position) as well as resources
(i.e., scarce and imperfectly mobile skills, assetscapabilities). Strategic positioning will deténe

the level of investments in specific assets, theelleof adaptation needs, as well as ex-post
measurement problems. Hence, two firms in the saaréet may choose varying governance forms

in order to align these to the respective condgidepending on their strategy.

“0Rumelt et al. (1991) already argue that stratdgisions, such as the products and services dffesavell as
the scope of activities integrated into the firnddhe appropriate organizational structure, mustefrgorcing,
hence, are not independent. Nelson (1991, p. &@Wwlse argues that “... to be successful in a waonlak t
requires that firms innovate and change, a firmtrhase a coherent strategy that enables it to degltht new
ventures to go into and what to stay out of. Andeiéds a structure, in the sense of mode of orgtmizand
governance, that guides and supports the buildigigsastaining of the core capabilities needed toya@aut that
strategy effectively. “
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Empirical literature testing for alternative thexsrior their combination is still rare. Building on
Nickerson (1997) and Ghosh and John (1999), Nickerst al. (2001) link Porter’'s strategic
positioning framework and the transaction cost appih with an application to the international
courier and small package service in Japan in dalervercome the weaknesses of both approaches,
since “Porter (1996) fails to call upon Williamsenhnsights to inform whether activities should be
organized internally or outsourced, and William$bd891[a]) claims that managers are well advised to
concentrate on economizing instead of on positigh{p. 252). Using a datasé®5 parcels shipped
from Japan to 160 destination cities in 42 coustiiey testndustry-specific predictions relating market
position to resource investments, the resourceilerad organizational form and the resource
profile/organization pairings to firm performandée(, delivery speed). Estimation results of thed¢h
stage, reduced form, endogenous self-selection Inprdeide broad support for all propositions and
confirm that decisions on a firm's market positisasource profile and organizational choice are
interrelated in ways predicted by the positioniegromizing perspective. The authors conclude that
the heterogeneity in corporate strategies reflénesreality of firms being endowed with different
feasible resource profile/organization pairings.

Poppo and Zenger (1998) investigate make-or-buisid®s in information services testing alternative
theories of the firm (e.g., transaction cost theamsource-based view, agency theory). These
approaches offer alternative — in some cases congpltary and in other cases contradictory —
explanations of corporate behavior. By developingadel of comparative institutional performance
rather than the traditional reduced-form institnéibchoice model, they test for various theory-g§fec
hypotheses. The authors conclude that in ordermprdve the theory of the firm, competing
approaches must be integrated.

This chapter provides an empirical study of theedeinants of vertical integration in the global LNG
industry, accounting for the endogeneity of investis in specific assets. The analysis is baseten t
positioning-economizing approach. First, followiRgrter, three strategic target market positions in
this industry are identified: chain optimizationrsigs a flexibility strategy versus national oil ageb
companies. Each target market position is suppdiyedn underlying resource profile characterized
by a certain level of idiosyncrasy. Second, follogvitransaction cost economics, it is argued that
specific investments under uncertainty provide mtises to integrate vertically. These economic

relationships are tested empirically based on astep procedure.

5.3 Theoretical background

5.3.1 Positioning-economizing perspective
Assuming that all firms in one industry face thensaenvironmental conditions and the same level of
transaction attributes, transaction cost econommcsild predict that all firms choose identical

governance forms. However, this is not the cagheénreal world. In the LNG industry for example,
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we observe vertical integration but at the samee tatso non-integrated players as well as various
forms of hybrid governance.

Transaction cost economics has made several cotinis to strategic management; the central
problem of make-or-buy has been applied to numeonther problems such as lateral integration, joint
ventures, employment relations, etc. See Williamd®91a) and Nickerson (1997) for more detailed
discussions. However, several authors call for mhination of both approaches; Nickerson et al.
(2001, p. 251) argue that “... if followed in isolati, each theory can lead to inferior performance”.
The positioning-economizing perspective providdsamework which is able to explain this diversity
of governance form%. Whereas the unit of analysis in transaction castemics is the single
transaction, its ability to explain corporate stgieés on a firm-level is underdeveloped. Thereftre,
unit of analysis in the positioning-economizing gpactive is the firm-level strategy (i.e., the
combination of all transactions).

Nickerson (1997) argues that the decisions reggridirgeting a specific set of consumers, choosing a
production technology, making specific investmentaot to support the customer transaction, and
selecting a governance mode are interdependendefitges the ‘strategy four-tuple’ aa{K, K", 7}
where A represents the vector of product attributes iriolyideatures and qualityk” represents a
vector of production technologigs and the corresponding level of specific investragkit is the
vector of the nature and level of specific invesitaen in the consumer transaction andepresents
the governance mode. In the following discussikhsand k™ are jointly referred to as resource
investments. The firm’'s optimal strategy is therfaiple that generates the greatest net receipts.
Hence, successful strategic behavior requires gakito consideration various aspects (i.e., demand
conditions and competitive market structure, préiduc costs as well as transaction costs). A
formalization of the four-tuple choice problem i®yided in the Appendix.

Figure 33 illustrates the positioning-economizireggpective. A target market position (i.e., product
and services a firm desires to serve to a spegificip of consumers) is supported by an underlying
resource profile (defined as the set and type sbusces and capabilities employed in the vertical
chain). These resources are of a certain kind @legree of idiosyncrasy) which in turn determities
optimal governance mode. The decisions on targetkehgposition, resource investments and
governance mode are made jointly in t = 0. In tee&trperiod, trading takes place and profit are
realized. Firms will prefer the strategy with theeatest profitability; “combinations that are not
reinforcing are not feasible in the long-run” (Néckon et al., 2001, p. 271). Heterogeneity in firm
strategies reflects that firms occupy differensfbke resource profile/organization pairings.

Hence, three related questions have to be answdrbith resource profiles support different target

market positions? Which governance forms economizé&ansaction and production costs given the

“! The term ‘positioning-economizing perspective’ teen introduced by Nickerson et al. (2001). Nisker
(1997) talks about an ‘economizing theory of sgygtdbased on a four-tuple analysis. Ghosh and J&B89)
talk about a ‘governance value analyses’.
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resource profile? Which impact has the resourcéiltarganization pairing on product and service

attributes (i.e., performance)?

Figure 33: Positioning-economizing perspective

Target market
position
(i.e., strategy)

Resource profile Governance choice
(i.e., level of specificity L (i.e., market, hybrid, or
of the investments) — vertical integration)
] ] »
T T e
t=0 t=1
(Joint decision making) (Trading and realization
of profits)

Source: Own depiction

Nickerson et al. (2001) make an important contrdyuto this literature responding to three challeng
present when combining alternative theories of fin@. First, they show that the assumptions
underlying both approaches are not inconsistegediney focus on unrelated factors. Transactioh cos
economics makes two behavioral assumptions witin@o@: actors being characterized by bounded
rationality and opportunism. In the strategic gosing framework, no behavioral assumptions (in the
sense of bounded rationality) are made. Furthermioris explicitly assumed that consumers are
heterogeneous and that not one single strateggnalbyi serves all customers. Second, they point out
that both theories have a consistent unit of afgkysthe value chain and transactions (unbundled
value chain), respectively. Third, they offer a huatology of operationalization of the model (iz.,

three-step estimation procedure).

5.3.2 Industry-specific propositions

This section introduces alternative corporate atjigs observed in the global LNG market and
develops industry-specific propositions. To invgaté the LNG industry from an economic as well as
from a strategic perspective, it is distinguishetzen upstream activities (exploration, production
and liquefaction), midstream shipping, and dowmstreéegasification and marketing. Companies may
be specialized in one, two, or even all three eséhsegments. However, we also observe varying
strategies of different companies which are adgtiveimilar stages of the value chain, and one aed t
same company choosing different positions alongraditive value chains. Strategic positioning is

understood as performing different activities franals’ or performing similar activities in diffeng

121



ways. From Porter’'s strategic positioning framewdhkee possible target market positions taken by

LNG firms can be identified:

» Flexibility strategy Players following a flexibility strategy (e.g. BGroup, Exxon Mobil) are

investing in a portfolio of LNG export and imporapacities on both sides of the Atlantic or
even in the Atlantic and Pacific Basins, enablirepdfits from arbitraging possibilities. The
control of midstream transportation capacities kewafactor required for flexible trade.

» Chain optimizersare typically active in one import country (e.gazGde France, Korea Gas

Corporation), contracting or integrating along th&sociated value chain in order to secure
supplies.

* National oil and gas compani€blOCs) are upstream state-owned, traditionallydpoing,

companies (e.g. Sonatrach in Algeria) with the nudijective of generating state revenues.

Each target market position is supported by an uyidg resource profile. However, as already
discussed in Section 4.4, the definition of aspet#icity in the LNG industry is not straightforvwea

A company investing in downstream capacity withdw#tving secured supplies and access to
midstream shipping is caught in a lock-in situatibNG sellers traditionally profited from signifioa
bargaining power since importers competed glotfaliyhatural gas supplies. Competitive downstream
markets facilitate their access to numerous buyers.

Whereas NOCs typically invest in the upstream geetod may integrate downstream, chain
optimizers hold downstream positions contractingnéegrating upstream along the associated value
chain in order to secure supplies. Employing ailfidity strategy leads players to invest in a palitf

of upstream and downstream capacities. Hence:

Proposition 1: National oil and gas companies retyless idiosyncratic assets than companies
following a flexibility strategy; companies follavg a flexibility strategy rely on less

idiosyncratic assets than chain optimizers.

According to transaction cost economics, idiosyticrassets in uncertain environments lead to the
hazard of ex-post opportunistic behavior by thenterparty. Organizing transactions within a firm’'s
own hierarchy will avoid these costs. Asset speityfi furthermore is argued to be the strongest

determinant of vertical integration. Hence:
Proposition 2: Given the presence of environmeuteertainty, a higher share of idiosyncratic

(downstream) assets in the portfolio of an LNG fimill increase the probability of vertical

integration along the LNG value chain.
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For this study, it is assumed that the observeegance modes represent efficient choices and that
potential misalignment will result in a re-positiog or in the company ceasing its activities in the
industry due to entrepreneurial failure. Unfortwhat transaction-specific performance data (i.e.,
performance related to activities along the LNGueathain) are not publicly available. Therefore, a
possible third proposition — as proposed theoriyida the positioning-economizing perspective —
relating feasible resource profile/organizatiorripgs to firm performance cannot be tested.

An econometric model analyzing the above descritaedpart decision-making process is developed
below. In the first step, it is examined how playehoose a resource profile supporting their target
market position. In the second step, the deternénidrat drive players towards vertical integratiwa

investigated.

5.4 Data and methodology

5.4.1 Data

This study is based on the same dataset as thgsenearried out in Chapter 4. The unit of analysis
for studying the determinants of vertical integratis again the corporate-specific value chain with
vertical integration from upstream or downstreatio imidstream shipping as the main endogenous
variable. The dependent variable ¥l a discrete measure taking the value of onedfaliserve
vertical integration of the player along value chai and zero otherwise. In 135 of the 237

observations we observe vertical integration intdstneam shipping:

VI =

{0 if no vertical integration into midstream shipping
I

1 if vertical integration

5.4.2 Explanatory variables

Corporate strategieRroposition 1 describes the relationship betwetamget market position and the
resource profile (i.e., the level of idiosyncragyaglayer's LNG assets). Dummy variables indiaatin
chain optimizers (CHAIN and national oil and gas companies (NO&e used as exogenous
variables. The flexibility strategy (FLBEXs the omitted position. The allocation of therganies
active in the LNG industry to one of the three &rmarket positions was accomplished based on an
evaluation of their activities and was verified interviews with natural gas market experts.
Proposition 1 indicates a positive (respectivelgative) relationship between the level of specific
investments and CHAIN (respectively NOC).

Transaction cost variable®roposition 2 refers to the impact of idiosyncratgsets and uncertainty
on the likelihood of vertical integration. Trandaat cost economics predicts that asset specifisity
the strongest determinant of integrating succesgtages of the value chain into the corporatioma o

hierarchy. The relative extent of idiosyncraticeassof a player (SPBQs defined as the ratio of
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regasification capacity over the sum of regasiftcaand liquefaction capacity the player contrals i
the start-up year of the value chain WHREG = r; year/ (I, year + |i, yeap. The variable increases with the
share of regasification capacities in a firm’'s LIg@tfolio, mirroring the lock-in situation of a plar
investing downstream in a sellers’” market. It istogwiously distributed between zero and one,
including these boundaries.

Due to the high capital-intensity of infrastructurzestments and uncertainties about the scope of
natural gas fields and price developments, invesienerally face different risks. In addition, matu
gas fields are often located in politically unseatdgions. As discussed in Chapter 4, several daks
be hedged and the political risk associated witkstream investments is evaluated as the main driver
of uncertainty. The variable for political uncenyi (UNC), based on the so-called POLCON-index
developed by Henisz (2000), is defined as (1 — PONLwith UNGC [ [0, 1].

Control variables.To account for changes in corporate strategies timee a dummy variable
indicating value chains that came into operatiderat999 (D200pis included. It is expected that
players will encounter a changing environment gittes industry’s rapid expansion and maturation
since the end of the 1990s and that they musttsedexapt strategies to maintain or gain competiti
advantages as discussed above.

Several dummy variables are used to control foledihces in corporate strategies resulting from
regional factors that vary between the AtlanticiBasarket (deliveries to Europe and North America)
where LNG trading hubs already exist or are devafppand Asia-Pacific trade where buyers depend
strongly on LNG imports. EXPAEhdicates exporters situated in the Atlantic BaEIKPPBindicates
exporters situated in the Pacific Basin, suppliéetivering LNG from the Middle East to either
Europe, North America, or Asia (EXPNIEre the default category.

CAPOWN accounts for a company’s market share in the ingusalculated as the ratio of the
accumulated liquefaction and regasification capeicontrolled (owned or contracted) by a global
player over the sum of worldwide liqguefaction aedasification capacities in operation at the end of
the respective start-up year of the value chainyef + li yea) / (Notal, year *+ liotal, yead. COMpanies
controlling significant LNG capacities may be atiebenefit from arbitrage possibilities which inru
increases the motivation to integrate into midstreahipping, especially when downstream
regasification assets account for a significantesirathe portfolio.

The player’s assets value (ASSHTSused as a proxy variable for firm size andficial strength. A
positive relation between the probability of veatidntegration and ASSETS is expected since
companies endued with a strong capital basis fawerl barriers to entry in terms of funding capital-
intensive LNG projects.

Finally, the dummy variable STATHentifies state-owned entities, thus allowing fiiiferences in
corporate strategies due to a different ownershigtire.

For a survey of all explanatory variables as weltreeir descriptive statistics see Table 18. Mbent

half of the analyzed corporate-specific value chdbBB8%) began operation after 1999. In 34% of all
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cases we observe companies following a flexibisityategy, in 44% chain optimizers and in 22%
NOCs. Asset specificity of the respective company\§G portfolio ranges between zero (i.e., no
specificity of the investments since the portfdsodominated by upstream capacities; e.g., National
Gas Company Trinidad/Tobago) and one (i.e., higkcidigity since the portfolio is dominated by
downstream positions; e.g., Korea Gas Corporatigtt) a mean of 0.48. The political uncertainty
index of the exporting country lies between 0.18 ane. Broken up on a regional level, 44% of the
observations represent value chains originatingnfiAilantic Basin exporters, 40% represent Pacific
Basin exporters’ deliveries and in 16% Middle Eastuppliers are involved. Players control between
0.1% (Union Fenosa in 2000) and 30.3% (Osaka Gd912) of worldwide LNG capacities during
the observation period. Corporate size ranges fid®&D 358mn (ltalian Enel) to USD 279bn

(Japanese Nippon Oil Corp.). Finally, 33% of theawed value chains include state-owned entities.
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Table 18: Explanatory variables and summary statists

Characteristic Proxy Unit Denotation| Exp. Mean Std. Min Max N
sign dev.

Proposition 1 (dependent variable: SPEC)

Strategy 1: Flexibility Company following a flexilty strategy Dummy FLEX 0.342 0.475 0 1 237
investing in a portfolio of export and import
positions

Strategy 2: Chain optimizer;  Company following aiohaptimizing strategy | Dummy CHAIN + 0.439 0.497 0 1 237
investing along single value chains

Strategy 3: NOC National oil and gas company Dummy NOC - 0.219 0.415 0 1 237

Proposition 2 (dependent variable: VI)

Asset specificity Share of downstream capacitighénplayer’s % SPEC + 0.479 0.446 0 1 237
LNG portfolio
External uncertainty Political instability in thapplying country UNC 0.616 0.379 0.13 1 237

Control variables

Change in industry structurg  Start-up of the val@in after 1999 Dummy D2000 0.527 0.500 0 1 237

Export region Exporter in the Atlantic Basin Dummy EXPAB 0.439 0.497 0 1 237
Exporter in the Pacific Basin Dumm EXPPB 0.405 .492 0 1 237
Exporter in the Middle East Dummy EXPME 0.156 axn3 0 1 237

Market share in the LNG | Capacity controlled by the player (% of total % CAPOWN 0.040 0.052 0 1 237

industry existing export and import capacity)

Financial resources Company size measured by Hetsagalue bn USD ASSETS 63.476  63.628 0.358 695.2 237

Company type Company being state-owned Dummy STATE 0.380 0.486 0 1 237




Table 19: Correlation matrix

13

1 2 3 4 5 6 7 8 9 10 11 12
VI 1 1
FLEX 2 0.213 1
CHAIN 3 0.082 -0.637 1
NOC 4 -0.342 -0.382 -0.469 1
SPEC 5 0.169 -0.299 0.758 -0.565 1
UNC 6 -0.213 -0.176 -0.096 0.318 -0.224 1
D2000 7 0.167 0.148 -0.032 -0.131 0.011 -0.068
EXPAB 8 -0.073 -0.010 -0.165 0.209 -0.059 0.330 78.1 1
EXPPB 9 0.040 -0.160 0.292 -0.168 0.202 -0-230 8®.2 -0.730 1
EXPME 10 0.032 0.219 -0.153 -0.065 -0.177 -0.150 130. -0.386 -0.337 1
CAPOWN 11 0.124 -0.270 0.183 0.090 0.222 0.004 2.3 -0.100 0.237 -0.189 1
ASSETS 12 0.190 0.691 -0.417 -0.292 -0.365 -0.115 .06d -0.141 0.033 0.140 -0.098 1
STATE 13 -0.057 -0.454 -0.114 0.657 -0.180 0.242 .148 0.097 -0.150 0.061 0.115 -0.491
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5.4.3 Methodology

To test the above derived propositions, an estonatiodel with both vertical integration as well as
the level of specific investments as endogenousimas is defined. The first stage of the regressio
investigates the relationship between a target etg&sition and the level of idiosyncratic ass#ts,
second stage analyzes the impact of the firm’'s umeso profile (with respect to the level of
idiosyncrasy) on the likelihood of vertical intetjoam

Since the above developed theoretical discussibniison a set of relationships with two endogesou
variables, one has to deal with simultaneous egust{Greene, 2002, pp. 74 ff. and 378 ff.; Maddala,
2001, pp. 343 ff.). Two-stage estimation proceduissg instrumental variables (IV) are required. An
independent OLS estimation of the single equatimagild lead to inconsistent estimators (i.e.,
simultaneous equation bias) since the endogenoriables are correlated with the disturbances.

Suppose a population model

Y=B+ B+ BoX +ot By Xy +E (5-1)

with E(¢) = 0 andCoux;, ¢) = 0 U jLI(1...(k — 1)). The right-hand-side variablgis an endogenously
determined variable. Hence, the error distributannot be considered independent of the regressor’s
distribution withE(e | X # 0; the regressor is correlated with the error te@ov(x, ¢) # 0. The idea

is to find a set of instrumen&which is correlated witlx,, but orthogonal to the error term. Hence,
CovZ, x) # 0 andCouZ, ¢) = 0. However, the identification of suitable inshents is a very
challenging task. Greene (2002, p. 80) highlightast t‘/[u]nfortunately, there usually is not much
choice in the selection of instrumental variablBse choice oZ is often ad hoc. There is a bit of a
dilemma in this result. It would seem to suggeat the best choices of instruments are variablats th
are highly correlated witK. But the more highly correlated a variable is vt problematic columns

of X, the less defensible the claim that these samablas araincorrelatedwith the disturbances.”
Consistent estimates of the parameters can berootest by using these assumed relationships

betweenZ, x. ande. In the two-stage least squar€sSLS) model,x, is regressed on all system

exogenous variables as well as on the vegztan the first stage. The fitted values are used as

instrument fory in the second stage:

X, =0y + O X +O0,X, +..+ O X, +6,2 +6,2, +..+ 6 z +V (52)
Y=L6y +BX + BoX +ot B X +E

Following Proposition 1 that refers to the strategositioning framework, it has been hypothesized
that each target market position is supported byraderlying resource profile. To check for a non-
linear impact of firm size on the integration démis the asset’s value is included both in lineza &

gquadratic form into the estimation model:
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SPEC =a, +a,CHAIN, + a,NOC +a,UNC +a,D200Q +a.,EXPAB (5-3)
+a,EXPPB + a,CAPOWN + a;ASSETS+ a,(ASSET?+ a,,STATE +v,
where the error term is expected to follow a normal distribution. Feoaometric reasons, all control
variables used in Equation (5-4) are also incluideBquation (5-3). In the second step, based on the
transaction cost approach, the impact of speaifiestments on a firm’s choice of governance form is
analyzed. Following Proposition 2, it is expectbdttidiosyncratic assets relate positively to the

likelihood of vertical integration:

VI, = B, + B,SPEG + S,UNC, + 5,D0200Q + 5,EXPAB + S,EXPPB (5.4)
+ B,CAPOWN + 3, ASSETS+ 3,(ASSETS? + B,STATE +¢,
where the error terng is assumed to follow a normal distribution. Havidefined the dependent

variable as a binary variable, a two-stage praffit@tionmodel with an endogenous right-hand side

variable (i.e., SPEC) is applied. Similarly to tim@re general two-stage least squares procedure, the
observed values of the first-stage dependent Jari@stimated using OLS) are replaced by their
predicted values. Equation (5-4) is then specifiech probit model. See Section 4.4.3 for a technica

summary on probit estimation.

5.5 Estimation results and interpretation

Table 20 provides estimation results of three nodeith Model 1 including only the main
explanatory variables (i.e., target market posgti@s well as the level of specific investments),
Model 2 including furthermore the transaction oggtiable controlling for external uncertainty asiwe
as control variables indicating the start-up of iadue chain and the exporting region, and finally,
Model 3 including all above defined exogenous \J@ds. Both industry-specific propositions are
confirmed empirically. Estimation results are rabusith respect to the alternative model
specifications. The log-likelihood values as wedl different information criteria (i.e., AIC, BIC)
indicate that the least parsimonious Model 3 had#st explanatory power.

Estimation results provide broad support for Priffms 1. As expected, the estimation coefficient of
the variable indicating chain optimizers (CHAIN)sha positive sign and the estimation coefficient of
the variable indicating NOCs has a negative sigih(lstatistically significant at a 1% level for all
models). Hence, it can be confirmed that nationkbid gas companies rely on less idiosyncratic
assets than companies following a flexibility stt, and the last rely on less idiosyncratic agbeis
chain optimizers.

The results of the second-stage estimation progigeport for the transaction cost economics’
prediction. Asset specificity (SPEC) shows the exge positive sign and is highly significant. Hence

the more idiosyncratic (downstream) assets a coynpas in its portfolio of LNG export and import
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positions, the higher will be the likelihood of tieal integration along single value chains. The
players secure their supplies by investing in mé&sn shipping and in some cases also in downstream
production and liquefaction. This goes in line witie recent move towards more flexibility in long-
term LNG supply contracts; destination clausesmofiee eliminated and we observe an increasing
importance of fob rather than des/cif contractayieg the control of midstream transportation with
the buyers.

Even though theory argues that the level of speaifiestments is itself a decision variable (sese al
Masten, 1999), an augmented Durbin-Wu-Hausmanagstuggested by Davidson and MacKinnon
(1993) has been applied to explicitly test for émelogeneity of the variable SPEC. In the casetltieat
regressor and the error term are uncorrelated désttmators (i.e., OLS and two-stage estimator) will
yield consistent estimates, with the two-stageneior being less efficient. The test statistic sgupto
Model 3 yields a chi-squared value of 16.5 sigaificat a 1% level. The null hypothesis of spedifici
being an exogenous variable can be rejected. TUssfies the use of an instrumental variable
estimation procedure (i.e., two-stage probit modi#h an endogenous regressor), since a simple
probit regression of Equation (5-4) without accingptfor the endogeneity of SPEC would lead to
biased estimates. For a more detailed descriptioth® calculation of this test statistic see the
Appendix.

The presence of external uncertainty (UNC), in geohpolitical instability of the exporting country
seems to have a negative impact on the integrat@sision’> However, theory predicts that its
presence intensifies the impact of specific investts. Interestingly, the level of specific invesiige
decreases with increasing uncertainty (statisgicalgnificant at a 1% level). This indicates that
companies increasingly safeguard investments in ndowam assets by respective upstream
investments the higher the political instability thie exporting country and hence, the higher the
hazard of ex-post opportunistic (or unforeseedtddavior by national agencies or companies.
Statistically significant control variables provideveral interesting findings. The variable cotitngl

for the start-up date of the value chain (D200@jdates that vertical integration has become a more
common organizational mode throughout the industhys reflects global players’ efforts to establish
a portfolio of export and import positions in orderbenefit from arbitrage potentials. We obsehat t
access to flexible transport capacities is the teeg successful employment of this strategy. Rapid
industrial expansion accompanied by a restructysingess prompts firms to internalize risks inheren
in the capital-intensive industry via strategicaosifioning and reshaping.

The variables EXPAB and EXPPB have no significampact on the decision to integrate vertically
and there appears to be no difference in corpstedegies between value chains in the AtlantidrBas
which are dedicated to more or less competitiverddmeam markets, value chains in the Pacific Basin

market where countries typically strongly rely upwatural gas imports in the form of LNG, and value

2 Regressions using alternative measures of pdlitistability in the exporting country (i.e., thatérnational
Country Risk Guide reported by the PRS Group a$ agethe Political and Economic Risk Report pregdrg
Aon Corporation) led to similar results.
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chains from the swing producer region of the Midgést. An alternative regression accounting for the
importing region (deliveries dedicated to AtlanBBasin customers instead of to Pacific Basin
customers) does not reveal any regional differerioes

Players controlling a larger share of world LNG g@sification and liquefaction) capacities
(CAPOWN) show a higher extent of investments inceffieassets. However, no significant influence
on the likelihood of vertical integration could foaind.

For the variable measuring a firm’s financial sggn(ASSETS) it can be shown that investments in
specific assets decrease with a higher assets.vAlygossible explanation is that most capital-
intensive investments are required upstream (eafior, production, and liquefaction). In contrast,
the value of assets is positively related to thelilhood of vertical integration (with a non-linear
impact), an indication that larger firms have thfcial capabilities necessary to invest in numsro
capital-intensive LNG (export and/or import andpgling) facilities.

In contrast to private firms, state-owned entifl@$ATE) tend to invest in assets with a higher l®fe
idiosyncrasy; the share of regasification capaxitietheir LNG portfolios is larger on average. S hi
can be explained by the fact that in the first desaof the LNG industry, mainly national natura$ ga
companies and distributors invested in LNG imp@pacities, even though we observe the move to
privatization (e.g. Gaz de France, ENI). Furthemndhe likelihood of vertical integration is on

average also higher for state-owned entities.
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Table 20: Estimation results

Specification Proposition 1 - Dependent variabRES Proposition 2 - Dependent variable: VI
First stage regression Second stage regression
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
CONSTANT 0.306*** 0.282 *** 0.555 *** -0.144 0.123 -2.285%**
(0.032) (0.258) (0.071) (0.140) (0.294) (0.452)
CHAIN 0.551*** 0.556 *** 0.233 ***
(0.042) (0.042) (0.047)
NOC -0.314* -0.296 *** -0.648 ***
(0.051) (0.051) (0.059)
SPEC 0.670*** 0.544 ** 1.917 *+*
(0.234) (0.254) (0.307)
UNC -0.151%** -0.112 *** -0.505** -0.392
(0.050) (0.043) (0.248) (0.262)
D2000 -0.021 0.034 0.412* 0.482 **
(0.036) (0.043) (0.178) (0.197)
EXPAB 0.196*** 0.185 *** -0.175 -0.129
(0.052) (0.047) (0.263) (0.272)
EXPPB 0.089* 0.121** -0.089 -0.124
(0.054) (0.049) (0.271) (0.280)
CAPOWN 1.649** 1.985
(0.316) (2.154)
ASSETS -0.004*** 0.026***
(0.001) (0.006)
(ASSETS)? 0.000* -0.0001**
(0.000) (0.000)
STATE 0.055%*** 1.220**
(0.046) (0.265)
Log-likelihood -184.37 -167.84 -107.53
AIC 382.73 365.68 261.05
BIC 407.01 417.70 340.82
N 237 237 237 237 237 237

*+* Statistically significant at a 1%-level; ** stestically significant at a 5%-level; * statistitglsignificant at a 10%-level. All levels of
statistical significance are based on two-tailedt $éatistics. Corrected standard errors in paeseth

5.6 Summary and conclusions

This study provides empirical evidence for combinialternative theories of the firm. Recent
theoretical literature argues that economic anatesgic management approaches should be linked in
order to explain companies’ behavior in dynamic kats and the emergence of different corporate
strategies in one and the same industry (seeMigkerson and Bigelow, 2008). The study builds on
recent theoretical developments which propose tiieafled positioning-economizing perspective
linking Williamson'’s transaction cost approach &uwaiter’s strategic positioning framework.

During the early years of this decade worldwideasdfjcation capacity has increased significantly,
even though recent projections are less enthusiedti regard to the world financial crisis and the

resulting global demand decrease. Rapidly incrgasiorldwide demand in the past and the ongoing
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process of deregulation in downstream markets Haeeight fundamental changes in corporate
behavior; many companies are investing in regigndllersified LNG portfolios and integrating
vertically to internalize risk factors resultingpn investments in capital-intensive infrastructurgse
control of transport capacities is a key factooider to benefit from cross-trade opportunities.

Based on a two-step decision-making process, twpqsitions on corporate strategies in the LNG
industry are tested. First, based on the strategsitioning framework, three possible target market
positions are identified: chain optimization (intrasnts in infrastructure along a single value chain
versus a flexibility strategy (investments in atfmio of LNG export and import positions) versus
national oil and gas companies. Empirical resudtsfiem the industry-specific predictions and sugpor
the positioning-economizing approach hypothesisanf interrelation between the three strategic
choices of target market position, resource prpfiled organizational structure. It can be showmn tha
NOCs rely on less idiosyncratic assets than congsafuillowing a flexibility strategy and that those
companies following a flexibility strategy rely dess idiosyncratic assets than chain optimizers.
Second, based on transaction cost economics teemdeants of vertical integration are investigated.
Estimation results confirm the theory’s predictioasd show that idiosyncratic investments in
uncertain environments lead to a motivation to biztransactions within a firm’s own hierarchy.

As Porter (1996, p. 78) argues, “a company may Havehange its strategy if there are major
structural changes in its industry.” Hence, striatggpsitioning is not a static concept but rather
requires dynamic adaptations. He further points that “most commonly, new positions open up
because of change” (p. 65). Market entrants magntiee flexible in adopting an innovative strategy
since they — unlike incumbents — do not have tcsican already realized investments. A number of
new players have entered the LNG market durindasedecade. For example, Cheniere Energy has
invested in two regasification terminals in the QG8If coast, two further projects are planned.
Excelerate Energy operates offshore on-board riégasdn facilities in several countries. Howevar,
sustainable success of these non-integrated, d@snstousiness models still has to be demonstrated

in the future.
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5.7 Appendix

Formalization of the positioning-economizing perspetive

Nickerson (1997, pp. 34 ff.) provides a first fotimation of the four-tuple choice problem. Consider
two vertically related transactionsiYfor product marketswith i = {1, 2}. T(1) is referred to as the
transaction between the firm and the consumers;i$ (&ferred to as the transaction between tie fir
and its own suppliers.

Consumer preferences are heterogeneously disttitaloeg dimensions A with j being finite. It is
further assumed that the firm can invest in speeaifisets k(1) in T(1) at a per unit cosind that these
investments will shift demand. Firm revenue thea fanction of k(1), the distribution of A(and the
produced quantity.

It is also assumed that the firm chooses a proglucéichnology which may range in its characteristic
between generic and highly specific. The choicéhid technology represents the choice of the level
of asset specificity k(2) in T(2) at a per unit taes Production costs then are a function of the
produced quantit¥, the levels of specific investments k(1) and &yl the distribution of AJ.

T(2) can be organized within the own hierarchy @epn the market (M). We define= {H, M} with
governance costs being a function of the exchamgalitons in T(1) and T(2). Then the profit

equation for the observed firm becomes:

(X, A () K(2), ) = ROCKE), AT - X k@) k(2) Al - 0" (kDKE2) ()
- @ k(2)- A k(1)

where A can be understood as the targeted custproep (i.e., strategic market position)i)kdre the
levels of specific investments amdrepresents the chosen governance mode. For a giwstomer
type, these parameters are chosen such that jgrofidximized. The four-tuple {A, k(1), k(2)} will

be a feasible strategy if profits are greater thraequal to zero:

max 77{A X,k@),k(),y) s.t. 7{j=0 (A-2)

k@®).k(2).y

Developing implications from this model requiregpksit information on production costs, revenues
and governance costs under alternative forms rozgtion. The above specified model is dedicated
to a simplified case with only two transactionsn@exity of the decision analysis will increase whe
multiple investments and multiple supply transawioare considered. Furthermore, exchange
conditions for customer and supply transactions tmaymulti-dimensional when a combination of

different types of specific investments occurs.
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Augmented Durbin-Wu-Hausman test

When there is a reasonable suspicion that oneeofdressors is not orthogonal to the error term
(i.e., a right-hand-side variable is endogenous @oux;, ¢) # 0), an endogeneity test should be
carried out. In the case that the regressor ancettor term are uncorrelate@€@vx, ¢) = 0) both
estimators, the ordinary least squares (OLS) aerdtwo-stage IV estimator, will yield consistent
estimates. However, the IV estimator will be leffizient.*® If endogeneity is present, IV estimation is
mandatory since other estimation procedures wiileebiased parameter values.

The Durbin-Wu-Hausman test involves estimating niedel via both OLS and IV approaches and
comparing the resulting coefficient vectors. Fomare detailed description see e.g. Baum et al.
(2003). Under the null-hypothesis, OLS and IV wdlkliver consistent estimates with the OLS
estimator being more efficient. Under the altewggtionly an IV procedure will deliver consistent
estimates. Hence, the rejection of the null hypsith@rovides evidence of the endogeneity of the
right-hand-side variable.

Davidson and MacKinnon (1993) suggest an augmdbtetin-Wu-Hausman test. In a first step, the
endogenous variable is regressed on all systemeewog variables. In a second step, the residuals of
this first regression are included into an augnenegression investigating the main functional

relationship. Hence, for Model 3 specified in tbiepter, the following steps have been carried out:

SPECG =a, +a,CHAIN +a,NOC +a,UNC +a,D200Q +a.EXPAB (A3)
+a,EXPPB + a,CAPOWN + a,ASSETS+ a,(ASSET3?+ a,,STATE+ ¢,
where the error termy is assumed to follow a normal distribution. Theideals (RES_SPEC) are

calculated and included into the probit model eyt the likelihood of vertical integration:

VI, = B, + B,SPEG + S,UNC + 5,D0200Q + 8,EXPAB + S,EXPPB
+ B,CAPOWN + 3, ASSETS+ 3,(ASSETS? + B,STATE (A-4)
+ B,RES_SPEGC+u,

The test statistic investigating whether the reaiiduparameter is different from zero yields a chi-
squared value of 16.5 (significant at a 1% levdlhe null hypothesis of specificity being an
exogenous variable can be rejected supporting $keofl two-stage instrumental variable estimation

procedures.

“3 An estimator isonsistentf it converges in probability to the true parageretalue:plim (,é): [ - An estimator
is asymptoticallyefficientif it converges faster than other consistent estims: var([;A)< var(ﬁB).
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6 Optimal Contract Duration of Long-term LNG Supply Contracts: A
Trade-off

6.1 Introduction

The future role of long-term contracts in the globaergy sector is a major topic in recent policy
debates. Whereas long-term agreements supporttimeets in capital-intensive infrastructures and
are a mean to hedge price and quantity risks, mesy prevent the development of more competitive
market structures. The discussion is fostered ey dhgoing liberalization process in Continental
Europe’s natural gas and electricity markets inesigdl when import countries have encountered
record-high prices, e.g., crude oil has been tradeitie USD 140/bbl range in summer 2008 and
liquefied natural gas (LNG) spot cargoes delivai@dapan were above USD 19/MBTU in January
2008.

Market restructuring has changed contracting prastbetween importers or domestic producers and
downstream distribution companies. The German Icaffiee for example decided in 2005 to confine
the conclusion of long-term contracts between @ tgas transmission companies and regional
distributors. The IEA (2004, p. 98) points out thdtereas long-term contracts are still the dominant
contractual form between non-European exportersrapdrting companies, they ,will have to hedge
their long-term minimum pay commitment by havinaigle long-term marketing possibilities.” On a
roundtable on energy security and competition gatiganized by the OECD in 2007 it was argued
that long-term contracts on the one hand facililat#estments, but on the other hand mitigate market
entry. Furthermore, restrictions on resale and melulexibility reduce the liquidity on secondary
markets.

In the view of institutional economics, long-terontracts are considered a hybrid form of governance
on the continuum between spot markets and fullaadrintegration. Long-term LNG supply contracts
are concluded between private oil and gas majorspaticipate in upstream projects or a consortium
of the NOC and a private partner and a downstreapoiter. Contract duration of these agreements
typically was in the range of 15 to 30 years in ¢lagly years of the industry. In the last decadeeth
has been an increase in the number of agreemetftdass than 20 years and even less than ten years
duration.

As discussed above, the structure of long-termraotd has changed. Contract duration as well as
annual contracted volume is decreasing, oil-pnmxation is diminishing in importance in favor of
gas-to-gas competition, and inflexible clauses.(¢ake-or-pay or destination obligations) haverbee
relaxed or eliminated. Furthermore, we observe avemfsom contracts in which the seller is
responsible for midstream transportation (cif/d@syards contracts in which title transfer occurs at
the loading port (fob). Under an fob contract, gykave the possibility to manage variations in

demand more flexible via cargo re-direction antieaefit from resell options.
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This chapter analyses the determinants of change®rtract duration in order to investigate the
impact of market structure (i.e., level of competiton a regional as well as global scale) on ogltim
governance choice. As discussed in Chapter 3, #rerseveral dynamic factors currently affectirg th
global market for natural gas: realization of lasgale infrastructure investments (LNG as well as
pipelines), new market entrants, and changes detsaructures. The past five to ten years have seen
the global LNG industry undergoing rapid maturati@hanges in the institutional framework of
downstream markets have moved the industry fromapolistic structures towards competition, thus
stimulating fundamental changes in the organizatidmehavior of market participants. Hence,
competitive structures gain in importance in dowgeth markets at the same time that formerly
regional markets become linked and importers coengletbally for natural gas supplies.

Theoretical literature discussing the structurdoofy-term contracts can be classified into threénma
approaches: i) transaction cost economics, assubvngded rationality of economic actors, argues
that long-term contracts are a way of minimizingngaction costs in bilateral relationships where
relationship-specific investments occur with compt®ntracts functioning to overcome the ex-post
hold-up problem without integrating vertically (Wélimson, 1975, 1985); ii) the property rights
approach is a theory of incomplete contracts agsyimational agents with symmetric information but
non-verifiability of actions by third parties. lmphasizes the impact of ex-post opportunism on ex-
ante investment incentives, formalizes the holdeugblem arising from specific investments, and
discusses the optimal transfer of residual comtghits (Grossman and Hart, 1986); and iii) incemtiv
theory, assuming rational agents but asymmetrioriétion, formalizes the problems of adverse
selection and moral hazard and discusses optimalrami design to overcome principal-agent
problems (Laffont and Martimort, 2002).

There is a growing body of empirical literature éstigating the determinants of contract duratioth an
contractual terms. Masten (1999) provides a fitiegorization of studies analyzing contracting
structures. Whereas the early literature focusimghe natural gas sector is based on the US market,
Hirschhausen and Neumann (2008) provide the fitgtlys using international trade data. The
following study contributes to the literature thiest empirical assessment focusing on long-term
liquefied natural gas supply contracts. In conttastraditional pipeline infrastructures, therenis
locational specificity of investments resulting rfrotechnical characteristics since trades between
varying players theoretically are feasible. | dsxithe determination of optimal contract lengttaas
trade-off between the minimization of transactiasts due to repeated bilateral bargaining and the
risk of being bound by an inflexible agreement ircertain environments. Furthermore, this study
adds to the theoretical discussion an analysisfigient dimensions of transaction frequency aradrth
impact on governance choice.

Building a simultaneous equation model to accoanttie endogeneity of a right-hand side variable, |
empirically test propositions i) on the above meméid trade-off with long-term contracts securing

durable investments but forgoing some flexibilignd ii) on the influence of transaction frequency
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(within the relationship as well as between thelitrg partners) on contract duration. Estimation
results using a unique dataset including inforrmatid LNG supply contracts from the beginning of
the industry until today show that the presencdiigh asset specificity results in longer contracts,
confirming the predictions of transaction cost emuits whereas the need for flexibility in today’s
‘second generation’ LNG market supports shortantagreements. When firms have experience in
bilateral trading, contract duration decreasesadiition, countries heavily reliant on natural gas
imports via LNG are often willing to forgo some Xlbility in favor of supply security. Contracts
dedicated to competitive downstream markets onameerare shorter than those concluded with

customers in non-liberalized importing countries.

6.2 Literature review

Most empirical studies testing transaction costneaaics’ propositions analyze the make-or-buy
decision. There is still a relatively small body lgkrature explaining contract duration or other
contractual provisions. Nevertheless, existing eitgli papers offer broad support for the propositio
that economic actors choose organizational formadract terms that promote efficient adaptation
and minimize transaction costs.

Several empirical studies, most of which are baseda transaction cost framework, investigate
contract duration and environmental characterisBagsong’s (1993) analysis on contracting pradice
in bulk shipping markets investigates differenceskogenous factors such as market structure or
vessel specialization in order to explain the diitgrof existing governance forms. Whereas spot
contracts are chosen in the absence of any biladeg@endency relationship, forward contracts are
employed when significant temporal specificity isserved. In a specialized shipping market where
both temporal and contractual specificities ares@né long-term contracts or vertical integratioa a
the transaction cost economizing organizationanfrUsing data on trading relationships between
input suppliers and engineering firms, Lyons (198#pws that the probability of using formal
contracts increases with the vulnerability to opyistic behavior whereas it decreases with the
complexity of the transaction.

Empirical work on long-term contracts in the enesggtor started during the 1980s. Joskow’s (1987)
seminal work investigating the relationship betwspacific investments and contract duration in the
US coal industry shows that contracting partiesearlakger commitments when site specific, physical
asset specific or dedicated investments occur.dJaisample of 277 supply contracts between coal
producers and electric utilities, Joskow estimati#erent models accounting for nonlinear
relationships between endogenous and exogenouabiesj the truncated nature of the sample,
alternative measures of asset specificity as veetha endogeneity of the annual contracted volume.
Whereas Joskow (1987) focuses mainly on the benefitontracting, Saussier (1999) provides an
empirical study based on the European coal indudisgussing the trade-off between both the costs

and benefits of contracting. Using a dataset coimgiall 70 contracts for the transportation and
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unloading of coal to Electricité de France’'s powtants which have been concluded between 1977
and 1997, he confirms that contract duration réfléoe desire to minimize transaction costs. Wlserea
duration increases with the level of appropriabl@sirents at stake in the transaction, it decsease
with the level of uncertainty. These results asmabbust to a second model in which he accounts fo
the endogeneity of specific investments. Saus2@0d() adds a new dimension to the discussion via
testing the influence of transaction parameterghenlevel of completeness of French coal supply
contracts, accounting again for the endogeneityasdet specificity. Analyzing a sample of 29
contracts signed between 1977 and 1997 he showshiaompleteness of contracts increases with
the level of physical-, site-, dedicated-, and hnraaset specificity and decreases with the level of
uncertainty.

Kerkvliet and Shogren (2001), too, confirm trangactost economics by empirically investigating 89
coal contracts concluded between producers in ®dPbwder River Basin and utilities from 1972 to
1984. They find a positive relationship betweengitally specific investments and contract duration
and show that contract duration decreases withgitiading and market experience. However, for
their measure of dedicated asset specificity tiey dounterintuitive results.

Ellman (2006) extends the basic transaction cosh@wics model by formalizing the contracting
costs associated with multiple investments (irgtiall specific investment and adaptation investthen

In cases where the so called side-compatibiility low, long-term contracts preventing hold-up of
quasi-rents generated by the initial specific itwest may induce hold-up of adaptation investments.
Contracts therefore should be shorter under love-s@mpatibility when at the same time it is
important to motivate adaptation investments. HeriE#éman is able to explain Kerkvliet and
Shogren’s (2001) counterintuitive result of dedichiasset specificity leading to shorter contracts.
Dedication lowers side-compatibility and therebyaising the costs of long-term contracting because
in the case an adaptation investment will be necgsthere will be less potential trading partners.

A number of studies investigating the natural gest@ discuss contractual relations in different
institutional settings: Mulherin (1986) shows tlsgecific investments in the US natural gas industry
historically have been protected by the use of dermiwng-term forms of organization. Whereas prior
to the 1930s vertical integration from productioreotransportation to distribution has been common,
governmental regulation (i.e., the Public Utilitplding Act 1935 and the Natural Gas Act 1938) led
to long-term contracts being the predominant gosece form with pipeline companies buying from
producers and reselling to distributors. Exclugiealing and take-or-pay provisions served as a mean
to protect quasi-rents at stake and prevent oppistta behavior by the non-investing parties.

Hubbard and Weiner (1986) analyze long-term natgea supply contracts between producers and
pipelines following the phased deregulation of twe#ld prices in the US and derive a theoretical

model on the determination of take-or-pay provisionhhey show that wellhead price ceilings favor

“ Side-compatibility refers to the possibility tredaptation investments are organized with a thinstracting
partner parallel to the initial contract. Side-frag obviously will be most effective and least empi@e when
adaptation and basic trade are least related.
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long-term contracts which include non-price cortravisions such as take-or-pay clauses which
increase the producers’ total compensation. Thigoasican corroborate these predictions by empirical
evidence from a sample of 470 contracts concluddaden producers and pipelines after 1978 (i.e.,
after the passage of the Natural Gas Policy Actclwltonstituted different classes of price ceilings
according to natural gas well characteristics).

Crocker and Masten (1988) discuss and test thedimpfaregulatory actions on contract duration.
Using a dataset of 280 contracts between US nagamlproducers and their customers concluded
between 1960 and 1981 they confirm the trade-ofivben the costs of repeated bargaining in the
presence of relationship-specific investments &edazard of being bound by an inflexible long-term
agreement. They furthermore show theoretically a6 & empirically that distortions in performance
incentives raise the costs of long-term agreemants therefore shorten contract duration. In the
presence of binding price ceilings, buyers are linad compete for scarce resources with higher
prices and will instead attempt to attract sellyroffering more favorable non-price contract terins

a later paper Masten and Crocker (1991) investitietechoice of alternative price adaptation clauses
in US natural gas supply contracts. Whereas thsepae of uncertainty should favor renegotiation,
the presence of high quasi-rents at stake shouwldr feedetermination clauses based on pricing
formulas which reduce the frequency of negotiatiamsl therewith the hazard of opportunistic
haggling.

Doane and Spulber (1994) argue that regulatorymefan the US natural gas market promoting open
access to transportation infrastructures have extldbhe specificity of investments since bilateral
dependencies between sellers and buyers decredseld iw turn resulted in a lower hold-up risk and
a substitution of long-term contracts in favor bbg-term and spot trade.

Neuhoff and Hirschhausen (2005) discuss the roléonf-term natural gas contracts in markets
undergoing liberalization. First, they argue thand-term contracts diminish in importance with
increasing downstream competition. Second, thegldeva theoretical model built upon the industrial
organization literature showing that both producemsl consumers benefit from lower prices and a
higher market volume if long-run demand elastigtgignificantly higher than short-run elasticity.
Hirschhausen and Neumann (2008) provide an empaitysis of the changing contract structure in
international natural gas trading. Using a datafeBll long-term natural gas supply contracts
including pipeline as well as LNG deliveries, thi#gyd that contract duration decreases as market
structure evolves to more competitive regimes amaige further empirical support for transaction
cost economics showing that investments linkedptr#ic infrastructures increase contract duration
by an average of three years. They also find thatket entrants tend to sign shorter contracts
confirming the hypothesis that long-term agreememés mainly relevant during the early stages of
industry development when large scale infrastractovestments have to be realized and the number

of potential trading partners is limited.
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6.3 Theoretical background

6.3.1 Optimal contract duration: A trade-off

The trade-off between contracting costs and fléiggbis discussed in theory and investigated in a
number of empirical papers (e.g., Gray, 1978; Ceoadnd Masten, 1988; Klein, 1989; Klein et al.
1990; Heide and John, 1990). On the one hand,acsing cost economics predicts that investments in
idiosyncratic assets result in ex-post bilaterghathelency and lead to a lock-in situation where the
investor faces the hazard of post-contractual dppem and strategic bargaining by the counterparty
In such settings longer-term agreements attenbatetcosts by stipulating the terms of trade dver t
life of the contract. On the other hand, contragiation is limited due to uncertainty about theufaet
and the hazard of being bound by an agreementntagt no longer reflect market realities (e.g.,
demand levels, input and output prices, changeshén institutional environment, technological
innovations). Obviously, spelling out every congngy is costly or even impossible. Hence, the trade
off lies in choosing “terms that maintain incensvier efficient adaptation while minimizing the ee
for costly adjudication and enforcement” (Crocked Masten, 1988, p. 328).

The optimal level of contract duratiafi corresponds to a situation where the marginalscaat
marginal benefits of contracting are equal. Thesco$ being bound by the contract are determined
mainly by the level of uncertainty and will increawith duration. Uncertainty about the future o th
environment is higher for more distant time horizoRarameters that are fixed in the short-term
become variable in the long-term; stipulated temay be inefficient in later periods. Marginal costs
increase with uncertainty and contract duratiomdge the principal costs as against a shorter @cintr
can be traced back to ex-ante information costspatential ex-post maladaptation and renegotiation
costs. It has to be noted that the presence ofriamty also rises the cost of bargaining (i.egtsp
trade). However, the cost of contracting increasa greater extent since the party must accouralfor
(known) possible contingencies.

The benefits of avoiding repeated negotiation drefly determined by the level of idiosyncratic
investments dedicated to the trading relationsbimger-term agreements support the willingness of
the party to take actions whose values are comditiaipon the counterparty’s post-contractual
behavior. Longer contracts reduce the exposure pombunistic behavior by the non-investing
contractor by defining the distribution of rents-aaxe. Furthermore, the cost of the repeated
bargaining of shorter trading agreements can becestl Marginal benefits decrease with every
additional period covered by the contract.

Figure 34 illustrates the optimization problem. #grease in the level of uncertainty (u’ > u) will
result in an upward shift of the marginal cost eu(WC); an increase in the level of asset spetyffici

(s’ > s) will result in an upward shift of the margl benefits curve (MB).
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Figure 34: Optimization problem
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Source: Own depiction

We can formalize the discussion above by the fdhow optimization problem:

maxG(r) with G(r)=B(r)-C(r) with G being the net gains in transaction costs whichaktiie
20

difference between the benefits of contracthgnd the costs of contracti@y(both ex-ante as well as

ex-post). The first order condition yields:

0

G'(r) = MB(r)- Mc(r) 6-1)
MB(r *) = MC(r *)

with optimal contract duration determined by th#isg where marginal benefits equal marginal costs.
Since it is difficult to observe and measure carting costs, a reduced form model where marginal
costs and marginal benefits of contracting aretedlato observable contracting attributes is

constructed:

MB(r*) = MB(r,s,v)=a, +a,r +a,s+v 62)
MC(T*) = MC(r,u, a)) =G, +Br+[utw

with 7 being the length of the agreemeatthe level of specific assets dedicated to theinad
relationship,u the level of uncertainty and andw further explaining attributes such as unobserved
heterogeneity between the parties or environmesttatacteristics. Substituting (6-2) into (6-1) and

rearranging yields the reduced form

"=yt pS—yute (6-3)

ao_ﬁo a, 182 _V-da

with y, =
° ,81_0'1 ﬁl_al
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with optimal contract duration on the left sidetb& equation and contracting attributes on thetrigh

From the discussion above the following proposgiare derived:

Proposition 1a: Contract duration increases witle level of investments in idiosyncratic assets

in order to avoid repeated bilateral bargaining amdtigate the vulnerability to ex-post hold-

up.

Proposition 1b: Higher environmental uncertaintyduges contract duration in order to
minimize the risk of being bound by a long-term mitment that no longer reflects market

realities.

6.3.2 The impact of transaction frequency

Transaction cost theory argues that transactiots dosrease with the frequency of the transaction
within the trading relationship due to the repeabtedard of opportunistic behavior and potential
strategic renegotiation. This will increase inceasi to organize the transaction under strongemiate
control. An alternative, complementary explanationa high frequency resulting in more firm-like
governance structures is the greater potentiainfernal specialization and for exploitation of leca
economies (see e.g., Williamson, 1985). Transaatiasts imposed by specific assets make more
hierarchical organizational forms more appealingwiver, a specialized governance mechanism
involves significant setup as well as bureaucratists. Hence, the net benefits from avoiding post-
contractual hold-up as compared to the fixed cokta more hierarchical governance form increase
with transaction frequency. | am only aware of abkmumber of empirical studies testing transaction
cost economics predictions and including transacfiequency as explanatory variable (such as
Anderson and Schmittlein, 1984).

Another perspective looks at the number of settlgmén which similar transactions by the same
parties occur. First, faithful partners may be neled and opportunistic behaviors punished in such
long-term relationships. Second, there may be aedse in transaction costs due to learning
processes, established routines, enhanced efficieficcommunication, and reputational effects
(Milgrom and Roberts, 1992; Langlois, 1992), almdfich reduce the need for formal mechanisms to
enforce bilateral agreements. Transaction frequetheyefore should result in shorter contracts.
Garvey (1995) develops a model investigating tiiecebf reputation on governance choice in settings
where non-contractible investments occur. He fitidst integration is favored for one-shot games
whereas more hybrid structures like joint ventuass preferred in repeated games. He argues further
that reputational considerations have an effecbath the parties’ surplus and the optimal choice of
asset ownership, supporting less hierarchical gmarere modes.

| argue that these two perspectives on transadteEmquency complement rather than compete one

another. With increasing ‘within frequency’ the léts of contracting will rise due to the repeated
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hazard of opportunistic bargaining; with increasibgtween frequency’ the benefits of contracting

will fall due to lower ex-ante as well as ex-pasinsaction costs (see Figure 35).

Figure 35: Extended optimization problem includingtransaction frequency
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The above developed model is expanded by inclutdivw frequency measure$wy indicating the
frequency of the transaction withithe relationship andb indicating the historical frequency of
transactions _betweerthe same trading partners expecting a positivespéetively negative)

relationship with contract duration:

=y, tys—yutyfw-y, fb+e (6-4)

The following propositions are derived:

Proposition 2a: Contract duration increases withetkevel of frequency of the transactions
within the trading relationship in order to avoidhé repeated hazard of post-contractual

opportunism by the non-investing party.

Proposition 2b: Contract duration decreases witle fihequency of transactions between the

same trading partners due to learning and reputaiceffects.

6.4 Data and methodology

6.4.1 Data
The global dataset covering long-term agreements the beginning of the industry until today has
been compiled from various publicly available imf@tion such as periodical reports, newsletters, and

industry journals. It includes contracting partneasnual and total contracted volumes, the year of
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contract signature, the start date of deliverias @ntract duration. Both, contracts currently liace

or agreed for with the start of delivery during tteming years and contracts that already have been
terminated are incorporated. Therefore, this sumys not suffer from a truncated dependent variable
as discussed in several other empirical papersiigaing the determinants of contract duratiog.(e.
Joskow, 1987; Crocker and Masten, 1988; Masten Guruatker, 1991). After talking to industry
experts it can be assumed that the dataset covéeast 80% of all ever existing long-term LNG
supply contracts.

Omitting observations including contracts with aation of less than three years (since these Hwve t
character of short-term agreements in the LNG itrgysthe sample consists of 261 LNG supply
contracts, of which 105 correspond to Atlantic Basade and 156 to Asia-Pacific deliveries. Figure
36 illustrates the duration of all LNG supply cauts included in the estimation sample. Contract
duration of these agreements varies between tma&e&@ years and is typically in the range of 15 to
30 years in the early decades of the industry. utine past decade there has been an increase in th
number of agreements with less than 20 years agwl legs than ten years duration. Average contract
length for agreements starting delivery prior te ylear 2000 is 20.5 years in the sample; for cot#tra

starting delivery from 2000 on it is 16.5 ye&rs.

Figure 36: Contract duration and start of deliveries of contracts included in the sample
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The unit of analysis for studying the determinamoftscontract duration is an LNG supply contract
concluded between an upstream seller (company osoctum) and a downstream buyer.
Transactions are defined as cargo deliveries of LING@& endogenous variable is contract duration in
years. For the purpose of this study | assume glgaai contracts that holds constant other contract

provisions, such as price adaptation or renegotiatlauses. Unfortunately, the existence and

4 Differentiating between importing regions, averagetract duration in Continental Europe has be@i6 2
years (16.9 years), in the more competitive natgesd markets of North America and the UK 19.7 yda6ts
years), and in Asia 20.5 years (16.9 years) bedatefrom the year 2000 on respectively based andéhiaset.
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utilization of such provisions is held confidenlydby the trading partners and cannot be accouioied

in this analysis.

Figure 37 summarizes the distribution of regiomaté patterns in the dataset and mirrors that the
Middle East increasingly functions as a swing siggpMWhereas Atlantic Basin exporters typically
deliver LNG to European and North American custanére Pacific Basin exporters deliver mainly
to Asia with some minor volumes being dedicatedh®s North American west coast (i.e., Mexico).
Middle Eastern exporters conclude long-term sumplgtracts with importers from different regions.
For example, the Qatargas | project delivers 5m bELNG per year to Chubu Electric in Japan over
a period of 25 years and at the same time additimlames under mid-term agreements to France.
Oman LNG has contracted 0.9 bcm/a to Osaka Ga&sfgears and at the same time 2.2 bcm/a to the

Spanish Union Fenosa for 21 years.

Figure 37: Distribution of regional trade patternsin the dataset
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6.4.2 Explanatory variables

Asset specificityThe benefits of writing a long-term contract shoble positively related to the
vulnerability of the trading partners to ex-postpopunistic behavior by the counterparty. Asset
specificity varies across the transactions in toistry; in this study it refers to the degree tocl an
LNG import terminal is not redeployable. The chaedstic of a sellers’ market accompanied by
restructuring and liberalization of downstream natugas (and electricity) markets results in
downstream asset specificity. A player investingregasification capacity without having secured
supplies and access to midstream shipping is caungatlock-in situation. LNG sellers profit from
significant bargaining power since importers corapgibbally for supplies. Furthermore, competitive
downstream markets provide easy access to numérwgess. To quantify the level of idiosyncrasy
(i.e., relationship-specific investments) the ragavhich the contract exploits the nominal capaoit
the import terminal (RCAPSHARJES used. A buyer relying on a single supplierddarge volume of
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deliveries will have difficulties to replace thesgpplies if they are terminated suddenly in anuiid
market such as the LNG market, where only verytéohifree capacities (upstream supplies as well as
midstream ships) are available.

Uncertainty. Uncertainty is a broad concept. Klein (1989) digtiishes between complexity and
unpredictability. Williamson (1985, p. 57) statésitt “disturbances... are not all of a kind. Different
origins are usefully distinguished.” This study dses on external uncertainty components measuring
environmental dynamism (i.e., price uncertaintylitipal instability in the exporting country, and
general environmental uncertainty). The standardiation of the WTI crude oil spot prices
(STDEVOIL) in the year before contract signature, calculditased on daily data, is employed as a
measure of price uncertainty. Oil prices traditibnanfluence natural gas prices via oil-linkage in
pricing formulas. Even though oil-linkage is suhgtd step by step in favor to gas indexes théaef
gas-to-gas competition, this variable still conéauo be an adequate measure of natural gas price
volatility.

A second variable reflects political uncertaintytire exporting country (UNC It is based on the
POLCON index developed by Henisz (2000). As the OEHRO007, p. 28) highlights, “long-term
contracts do not guarantee supply,” governments chayge institutions such as legal rules, parties
may renegotiate contractual provisions ex-post. fher reasons discussed in Chapter 4, UNC is
defined as (1 — POLCON) witdNG [1 [0, 1].

Finally, a third variable to account for a firm'sed for flexibility is added. Whereas the earlyusuly
relied on inflexible, well predictable, bilateraluyer-seller relations, the industry today is
characterized by significant changes and a spaaifiredictability about the future: formerly regabn
markets become linked, new players enter the imgu$tjuid trading hubs gain in importance,
numerous companies invest in a portfolio of ex@md import positions to be able to benefit from
arbitrage potentials. Therefore, flexibility is pfime importance. A dummy variable indicating LNG
supply contracts that became operational after is used expecting a negative relationship
with contract duration.

Transaction frequency within the relationshifo measure the frequency of transactions witha th
trading relationship (i.e., within the LNG supplprtract) the annual contracted volume (MO&
employed. Under the assumption that contractsudfiled according to their specifications and with
respect to the fact that the standard size of LNGsgls ranges from 130,000 to 145,000 m3, the
annual contracted volume provides a good indicéborthe frequency of shipments within the
contract.

Transaction frequency between the trading parfiésee alternative variables indicating the histalri
trading experience between the same trading pararer defined under the assumption that repeated
negotiation of LNG supply contracts reduces ex-agewell as ex-post contracting costs. Theory
argues that transaction costs diminish due to legrprocesses. Contracting parties gain information

about each others behavior; reputational aspedisceethe hazard of post-contractual opportunistic
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behavior. First, a count index indicating the cuative number of LNG trade relationships between
supplier and buyer (BILEXBIis defined. Thus, if the parties negotiate a i@attfor the first time the
variable will be one; if we observe a second cattbeetween the same parties it will be two, and so
on. Second, | use a similar count index indicatimg cumulative number of years of bilateral LNG
trade (BILEXP2. And finally, a dummy variable equaling one ietlontract represents a contract
renewal (RENEW instead of the first trade relationship betwess same upstream and downstream
players is included.

Control variables.To account for varying supply structures, the bua@untry’'s LNG share in total
imports (LNGSHARE is included as a control variable. While courgtrike the US can import
natural gas via pipeline and LNG plays only a minale in total gas supplies, other countries like
South Korea or Japan rely heavily upon LNG impoFtse higher the share of LNG in total imports
the higher should be the duration of supply comsraE&urthermore, | define a dummy variable
indicating contracts dedicated to competitive davasmn markets_(COMPassuming that only the
markets in the US and the UK can be regarded a#dlignd competitive natural gas markets. This
variable equals one if the contract became operation periods of unbundled transportation
infrastructures (i.e., from 1992 on for the US &mmin 1997 on for the UK), since unbundling of the
monopolistic element of the value added chain isessential precondition for non-discriminatory
access to infrastructures and free market entry.

Instrumental variablesTo account for the endogeneity of a right-hanek sidriable (i.e., contracted
volume) and conduct two-stage estimation of sinmaleais equations, instrumental variables have to
be included. Therefore, the level of self-suffidgrof the importing country (ratio of domestic rraiu

gas production over total consumption, SELFS)JRRe nominal capacity of the import terminal

(CAP), and the number of import terminals in the resigecountry in the year LNG deliveries under
the respective contract began (TERMINAL&e defined as instruments. These variables dhuatl
have a systematic impact on contract durationphatwould expect that they are related to the dnnua
contracted volume. In order to tests for the imatents’ independence from the error term, the Sargan
and Hansen-J-statistics are calculated for the 28h& GMM models, respectively. Thereby, a
rejection of the null hypotheses would imply thiag instruments are not satisfying the orthogonality
conditions required for their employment. See Baetrral. (2003, pp. 16 ff.) for further technical
details.

For a survey of all exogenous variables as wethas descriptive statistics see Table 21. Moratha
half of the contracts of the dataset (60%) stadelivery from 2000 on, mirroring the expanding
international LNG trade during the last decade. Thetracts account for very small shares of the
import terminal capacities (0.2%; deliveries fromis#ralia to Japanese customers) as well as for a
share of up to 100% (deliveries from Nigeria tdyltaThe political uncertainty index of the expodi
countries ranges between zero and one with a me@6?; the standard deviation of the WTI crude

oil spot price in the year before contract signataries strongly between 0.87 and 12.85 for régent
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concluded contracts. Annual contracted volume tsvéen 0.03 (deliveries from Australia to Japan)
and 6.75 bcm/a (planned deliveries from Iran toidhdThe negotiating parties in most cases
bargained for the first time; however, bilaterapesience for single players shows values of ugrie n
(Gaz de France and Algerian Sonatrach) and we wbgeevious trading experiences of up to 31
years. 13% of the contracts in the database represaewals of expired agreements. The dataset
involves both highly self-sufficient (e.g., US oKPand LNG import-dependent (e.g., Japan or South
Korea) countries. In 12% of the observations, delas are dedicated to competitive downstream
markets. The nominal capacity of the import faieit varies between 0.21 (Nippon’'s Kagoshima
terminal) and 75 bcm/a (Tepco’s import portfolio Japan). The number of import terminals per
country in the year of the start of deliveries letween one (e.g., Belgium, Greece, Turkey) and 29

(Japan).
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Table 21: Explanatory variables and summary statists

Characteristic Proxy Unit Denotation Exp. Mean Std. Min Max N
sign dev.
Propositions 1a and 1b
Relationship specificity Ratio to which the contract exploits the % RCAPSHARE + 0.214 0.245 0.002 1 261
nominal capacity of the import terminal
External uncertainty and need| Political instability in the supplying country UNC - 0.622 0.387 0 1 261
for flexibility
Standard deviation of WTI crude oil spot STDEVOIL - 3.778 2.733 0.874 12.853 224
price in the year before contract signature
Start-up of deliveries after 1999 Dumnry D2000 598 0.491 0 1 261
Propositions 2a and 2b
Within frequency Annual contracted volume bcmfa VOL + 1.779 1.496 0.03 6.75 261
Between frequency Cumulative number of contractptiated Count BILEXP1 - 1.678 1.239 1 9 261
between the two parties
Cumulative number of years of trading Count BILEXP2 - 5.755 8.151 1 31 261
relationship between the two parties
Contract representing a contract renewal Dummy REN - 0.134 0.341 0 1 261
Control variables
Dependence on LNG imports LNG share in total nhgea imports % LNGSHARE + 0.718 0.376 0.03 1 261
Downstream competition Contract dedicated to coitipet Dummy COMP - 0.126 0.333 0 1 261
downstream market (i.e., US from 1992; UK
from 1997)
Instruments
Self-sufficiency import country] Domestic productibtotal consumption % SELFSUFF 0.202 0.367 0 1126
Import terminal capacity Nominal capacity of rediasition terminal bcm/a CAP 18.076 18.164 0.21 7861
Number of import terminals Number of import term@in import country] Count| TERMINALS 10.126 9.635 1 29 261




Table 22: Correlation matrix

1 2 3 4 5 6 7 8 9 10 11 12 13
CD 1 1
RCAPSHARE 2 0.223 1
UNC 3 -0.037 0.159 1
STDEVOIL 4 -0.208  -0.007 0.003 1
D2000 5 -0.265 0.088 0.090 0.369 1
VOL 6 0.227 0.556 0.133 0.032 0.132 1
BILEXP1 7 -0.269  -0.258 0.066 0.107 0.011 -0.139 1
BILEXP2 8 -0.263  -0.302 0.028 0.061 -0.039 -0.090 .84@ 1
RENEW 9 -0.321  -0.175 0.060 0.067 -0.010 0.014 ©®.66 0.775 1
LNGSHARE 10 0.119 -0.368 -0.273 -0.052 -0.182 -0.20 0.111 0.288 0.138 1
COMP 11 -0.183 0.212 0.012 0.016 0.247 0.076  -0.18®.229 -0.179 -0.594 1
SELFSUFF 12 -0.008 0.540 0.046 0.163 0.238 0.301.25©0 -0.314 -0.191 -0.553 0.670 1
CAP 13 -0.066 -0.469 -0.107 0.036  -0.003 0.079  ®.08 0.246 0.149 0375 -0.235 -0.370 1
TERMINALS 14 -0.020 -0.392 -0.264 -0.057 -0.057 342 0.218 0.376 0.224 0.642 -0.274 -0.449 0.213

14
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6.4.3 Methodology
To test the above derived propositions, the follmMestimation model with contract duration as the

endogenous variable is defined:

CD, = ¢, + ¢ RCAPSHARE+ ¢,UNC, +¢,STDEVOII.+¢,D200Q (6-6)
+@VOL + ¢ BETWFREQ+ @ LNGSHARE+ @ COMP + ¢,
wherei indexes contracts and the error tefns assumed to be i.i.d. Three models — each imdud
only one of the alternative measures of the frequenf transactions between the same trading
partners (BETWFREQ in Equation (6-6)) at a timevider to avoid multicollinearity problems with:
a) In(BILEXP1), b) In(BILEXP2), and c) RENEW — aestimated.
However, contract duration and contracted voluneedatermined simultaneously when an LNG seller
and buyer agree for a supply arrangement, bothesept endogenous variables. The error
distributions cannot be considered independertiesd regressors’ distributions. Therefore, the mode
is estimated applying two-stage least squares.lsdy discussed in Section 5.4.3, the right-hand-
side endogenous variable (VOL) is regressed omsyatem exogenous variables as well as on the
vector of instrumental variables in the first stagbe fitted values are used as instrument in the

second stage. Therefore,

VOL, = 6, + 6, RCAPSHARE+ 6,UNC, + 6,STDEVOIL +6,D200Q
+ 6,BETWFREQ+ 6,LNGSHARE+ 8,COMP + §,SELFSUFF (6-7)
+6,CAP + 6, TERMINALS + £,

is defined as the second equation in the systemdwitgain assumed to be i.i.d. Estimation results are
verified using the generalized method of momentMN3 procedure. If the error terms are
heteroscedastic, the two-stage IV estimator will demsistent but inefficient. GMM is a robust
estimator when facing heteroscedasticity of unknéovm; no information on the exact distribution of
the disturbances is required. In this study theradion is based on the assumption that the eerand

are uncorrelated with the set of instrumental \deis. Via the GMM procedure, parameter estimates
are chosen such that the orthogonality conditioassatisfied. For further technical details seecGee
(2002, pp. 525 ff.). However, the GMM estimator ¢eve poor small sample properties (Baum et al.
2003, p. 11). Therefore, a Pagan-Hall test invastig the presence of some form of

heteroscedasticity is recommended.

6.5 Estimation results and interpretation
The following paragraph presents estimation resaftdhe simultaneous equation system. Three

models (i.e., A, B, and C) are estimated includimg of the above defined measures of historical
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transaction frequency between the same tradinggrart Each model furthermore is estimated in two
versions including STDEVOIL (Table 23) and not umdihg this variable respectively (Table 25 in the
Appendix) in order to benefit from the whole data@SLS and GMM lead to very similar results. The
Pagan-Hall test statistics support the use of GMNh&tion; the null hypothesis of the disturbances
being homoscedastic has to be rejected for all hepeifications.

Propositions 1a, 1b and 2b can be confirmed engblyicEstimation results are robust to alternative
model specifications. The p-values of F-statisfads< 1%) show that the null hypotheses of alpglo
coefficients equaling zero must be rejected foreatimations. Adjusted (respectively centered) R2 o
2SLS (GMM) for the equations explaining contractadion is between 0.21 and 0.27 (0.24 and 0.30).
The transaction cost prediction of Propositionidaonfirmed for the variable indicating the ratio
which the contract exploits the nominal capacitytied import terminal (RCAPSHARE). The more
important the respective contract to the imponniaal and therefore the higher asset specifichig, t
longer the contract's duration in order to mitigdlbee hazard of ex-post hold-up. Buyers relying
strongly on one supplier prefer longer-term cong&dn addition, since the level of the coefficient is
one of the highest of all exogenous variablesppsuts the theory’s prediction that asset spetffisi

the strongest determinant of transaction costs.

The coefficient of the measure of political instiypi(UNC), testing for_Proposition 1Hacks any
statistical significance. Regressions using altiraameasures of political instability in the expiog
country (i.e., the International Country Risk Guigported by the PRS Group as well as the Paolitical
and Economic Risk Report prepared by Aon Corpondtied to similar results. This type of
uncertainty does not appear to be the relevantriioe of uncertainty for the unit of analysis itisth
study and has no impact on the choice of contractibn. Joint ventures of private oil and gas m&jo
with national companies as well as the in many casey high dependence of exporting countries on
revenues from oil and natural gas deliveries mafigate the hazard of opportunistic behavior of
upstream states. The variable indicating price airgy (STDEVOIL) shows the expected sign and
is statistically significant for the 2SLS modelsorract duration appears to decrease with theofisk
being bound by an agreement that no longer refletsactual market situation with respect to the
price level, which determines the profitabilitytbe capital-intensive LNG value chain.

The variable controlling for the need for flexibjflias measured by the start-up date of the contract
(D2000) indicates as expected that contract durati@s decreased over time. Whereas in the ‘first
generation’ LNG market inflexible bilateral longrte supply agreements typically lasted 20 to 30
years, the ‘second generation’ market is charastdriby a considerable expansion of capacities,
changing trading conditions due to restructuringpcpeses in downstream markets favoring
competition, and trading places gaining in liquidiMarket liquidity promotes the use of flexible

trades that helps parties to benefit from arbitgaggentials in the global gas market.

¢ This result goes in line with the findings of Lyorf1994) who shows a positive relationship between
vulnerability to ex-post opportunism and the chaidemore hierarchical governance modes with vulbidity
measured as the share of output of a componentisugpdicated to the customer firm.
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Proposition 2arefers to the impact of transaction frequency imitthe relationship. No statistical
significance of the coefficient of the annual canted volume (VOL), indicating the number of
transactions (i.e., cargo deliveries) within theding relationship, was found for the models
accounting for the endogeneity of the variablecdntrast, a positive and significant impact of VOL
on CD is found in the simple OLS model. This shokat ignoring the endogeneity of right-hand-side
variables can produce misleading estimation resflisalternative estimation testing for a non-linea
impact of the contracted volume, as has been fdondxample in Joskow (1987), does not change
the presented result. Real-world LNG contracts aionnhumerous clauses that specify potential
adaptations to changing environmental conditionsifodunately for research purposes, most
agreements are confidential, so | am not able towtt for the impact of provisions such as priaing
volume flexibility clauses that would be very vaileto empirical analyses.

Empirical results provide broad support for Propiosi 2b The estimation coefficients of all three
variables (In(BILEXP1), In(BILEXP2), RENEW) havedhexpected negative signs and are highly
statistically significant. LNG supply contracts degse in contract duration as bilateral trading
experience between the contracting parties (iistptical transaction frequency between the trading
partners) increases. For contracts representingeti@wval of a matured agreement, duration will be
more than five years shorter. This can be explaled decrease in contracting costs. LNG supplier
and buyer gain information about each others’ attarsstics with every negotiation process,
economies of communication develop, reputationices may diminish the hazard of opportunistic
behavior, and the partners benefit from a bodynébrimal institutions that evolve over repeated
bargaining.

The statistically significant control variables@lzrovide interesting findings. Countries with aajper
dependence on imports in the form of LNG (LNGSHARE&)d to negotiate longer agreements and
forgo some flexibility in favor of supply securitfeven in the present economic downturn it is
expected that new importers with demand growth aletlve average like China and India will further
tighten global supply. Committing to one suppliecrbases the risk that the supplier may seek anothe
destination market with more attractive provisiamisen a shorter-term contract ends. Furthermore,
deliveries to a competitive downstream market (CQMFf realized via contracts with about 2.5 to
three years shorter duration, confirming the figgdirof Hirschhausen and Neumann (2008) analyzing
a dataset including pipeline as well as LNG conglaCompetition favors diversification of suppliers
supply sources, and supply routes and hence isucorgdto supply security; long-term contracts lose

in importance.
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Table 23: Estimation results explaining CD includig STDEVOIL

Specification oLSs 2SLS System GMM
(VOL as exogenous variable) (VOL as endogenous variable) (VOL as endogenous variable)
Model A Model B Model C Model A Model B Model C Mel A Model B Model C
CONSTANT 18.98¥*  18.67**  18.45** | 19.59*  19.17**  19.05%** 19.69 ***  19.29 *** 18.99**
(1.60) (1.58) (1.52) (1.68) (1.66) (1.60) (1.53) (1.51) (1.54)
RCAPSHARE 3.5% 3.24* 3.29* 5.69 ** 5.18 ** 5.64 ** 5.64 ** 5.02* 550 **
(1.85) (1.85) a.77) (2.51) (2.54) (2.44) (2.37) (2.38) (2.30)
UNC -0.36 -0.37 -0.23 -0.29 -0.32 -0.18 -0.41 -0.50 -0.35
(0.97) (0.97) (0.94) (0.98) (0.98) (0.95) (1.00) (0.99) (0.93)
STDEVOIL -0.24* -0.25* -0.23* -0.24 * -0.25* -0.24* -0.22 -0.23 -0.22
(0.14) (0.14) (0.13) (0.14) (0.14) (0.14) (0.16) (0.16) (0.15)
D2000 S2.67F% 281 % L2 70%, | 247 L2 63%% 2 49w -2.45 *x D B3 whk D 4D+
(0.86) (0.86) (0.83) (0.89) (0.88) (0.86) (0.75) (0.74) (0.74)
VOL 0.72** 0.80 *** 0.92 *** 0.05 0.22 0.22 0.08 0.28 0.28
(0.29) (0.29) (0.28) (0.59) (0.59) (0.57) (0.57) (0.56) (0.56)
IN(BILEXP1) S2.77%* S2.77 % -2.83 %+
(0.70) (0.71) (0.68)
IN(BILEXP2) -1.23 % -1.19 %+ -1.23 %+
(0.29) (0.30) (0.29)
RENEW -5.63*** -5.33 %+ -5.53***
0.97) (1.01) (0.85)
LNGSHARE 1.76 241* 1.83 1.68 2.32* 1.73 157 2.19* 1.70
(1.27) (1.28) (1.23) (1.29) (1.30) (1.25) (1.15) (1.14) (1.18)
COMP -2.70** -2.35 * -2.85 ** -2.93 ** -2.54 * -3.05 ** -3.14 ** -2.75*  -3.20 **
(1.30) (1.29) (1.25) (1.33) (1.31) (1.28) (1.37) (1.36) (1.41)
Pagan-Hall 31.595 32.772 35.156
(0.000) (0.000) (0.000)
Adjusted R? 0.234 0.239 0.288 0.214 0.225 0.267
Centered R2 0.243 0.255 0.296
N 224 224 224 224 224 224 224 224 224

*** Statistically significant at a 1%-level; ** stistically significant at a 5%-level; * statistidplsignificant at a 10%-level. All levels of
statistical significance are based on two-tailedt séatistics. Corrected standard errors in paeseth

Table 24 shows the estimation results of the fitage regression which explains annual contracted
volume adding a set of instrumental variables.demmometric reasons all system exogenous variables
must be included in this regression, even thouglr #txplanatory power is very low. The Sargan and
Hansen-J statistics for all three models are catedl in order to test whether the instruments are
uncorrelated with the error terms. The null hyped® of the instruments satisfying orthogonality
conditions cannot be rejected for any specificatsupporting the choice of these instruments.

The level of self-sufficiency (SELFSUFF) in natugas supply of the importing country has no major
impact on the contracted volume. The higher theinahtapacity (CAP) of the import terminal the
higher will be the contracted volume. There is gatiwe relationship between the number of import
facilities (TERMINALS) in the buying country andedhannual contracted volume. This result for
example reflects the situation in Japan, where monse(also small scale) terminals near all major
demand centers substitute for the nonexistent igassrission network, whereas countries such as

Belgium receive all deliveries via a single impfaility.
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Table 24: Estimation results 1' stage explaining VOL including STDEVOIL

Specification 2SLS System GMM
Model A Model B Model C Model A Model B Model C
CONSTANT 0.38 0.38 0.38 0.38 0.38 0.38
(0.33) (0.33) (0.32) (0.31) (0.31) (0.30)
RCAPSHARE 4,04+ 4.05**  4.04 *** 4.04 *** 4.05*** 4.04 ***
(0.39) (0.39) (0.39) (0.41) (0.41) (0.41)
UNC 0.05 0.04 0.02 0.05 0.04 0.02
(0.20) (0.20) (0.20) (0.17) (0.17) (0.17)
STDEVOIL -0.02 -0.02 -0.02 -0.02 -0.02 -0.02
(0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
D2000 0.24 0.25 0.24 0.24 0.25 0.24
(0.18) (0.18) (0.18) (0.19) (0.19) (0.18)
In(BILEXP1) 0.11 0.11
(0.15) (0.13)
In(BILEXP2) 0.08 0.08
(0.06) (0.06)
RENEW 0.46** 0.46
(0.21) (0.22)
LNGSHARE -0.09 -0.10 -0.04 -0.09 -0.10 -0.04
(0.32) (0.32) (0.32) (0.34) (0.34) (0.34)
COMP -0.29 -0.29 -0.23 -0.29 -0.29 -0.23
(0.32) (0.33) (0.33) (0.29) (0.29) (0.30)
SELFSUFF 0.23 0.23 0.21 0.23 0.23 0.21
(0.33) (0.33) (0.33) (0.31) (0.31) (0.32)
CAP 0.03*** 0.03**  (0.03 *** 0.03 *** 0.03 *** 0.03 ***
(0.004) (0.004) (0.005) (0.01) (0.01) (0.01)
TERMINALS -0.02 * -0.03 * -0.03 ** -0.02 **  -0.03 ** -0.03 **
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Sargan stat. 0.770 1.249 1.718
(0.68) (0.54) (0.42)
Hansen-J stat. 0.846 1.361 1.592
(0.66) (0.51) (0.45)
Adjusted R? 0.466 0.469 0.477
Centered R? 0.490 0.493 0.500
N 224 224 224 224 224 224

*** Statistically significant at a 1%-level; ** stastically significant at a 5%-level; * statistidgal
significant at a 10%-level. All levels of statistlcsignificance are based on two-tailed test stesis
Corrected standard errors in parentheses.

Predicted values of contract duration are plotteBigure 38. As can be seen, they typically ardaén
range between ten and 25 years, with significamtatiens from the observed contract duration for
data points with very low and very high levels lo¢ tdependent variable. Error terms do not follow a
random scatter but rather depend on the observeilact duration. Short agreements covering less
than ten years as well as very long-term agreenwvisring more than 25 years cannot be explained
by the model. Non-observable factors — not incluidetthe estimation system — therefore seem to have
an important impact on contract design. On the loan&d, it can be assumed that contract provisions
such as price adaptation clauses, rules govereiggjar renegotiations or actions in the case afefor

majeure, play a very important role in real worbthd-term contracts. As Saussier (2000) highlights,
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the level of completeness of a contract is itseleaision variable and contracts may be left explic
incomplete in order to safe on transaction costsit@ other hand, exporters as well as importers in
general contract for a portfolio of supply agreetegwhere large scale contracts may be accompanied

by more flexible shorter-term agreements and dfiekinds of risks can actively be hedged.

Figure 38: Predicted values CD using 2SLS including TDEVOIL
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6.6 Summary and conclusions

This chapter provides an empirical assessment @& kNpply contracts in order to determine optimal
duration. Testable hypotheses are derived fromrétieal approaches on contracting. The trade-off
between contracting costs due to repeated bilateaedaining versus the need for flexibility in
uncertain environments is discussed. Furthermoeagldl to the theoretical discussion an analysis of
different dimensions of transaction frequency dmrtimpact on governance choice.

Estimation results of a model of simultaneous equnatshow that the presence of high dedicated asset
specificity in LNG contracts results in longer c@att duration, which confirms the predictions of
transaction cost economics. We observe, howevat,thie increasing need for flexibility in today’'s
‘second generation’ LNG industry reduces contraatation, as does the presence of a high price
uncertainty. Concerning transaction frequency oa® to distinguish between a ‘within’ perspective
(i.e., transaction cost economics view) and a ‘leetw perspective (i.e., organizational learning and
reputational effects view). Firms experienced iatieral trading generally are able to negotiateteno
contracts. Countries that rely heavily on LNG impaare often willing to forgo some flexibility in
favor of supply security. Deliveries to competitidewnstream markets take place under shorter-term
agreements.

Unfortunately, not all uncertainty variables produsignificant results. Numerous empirical studies
investigating the effect of environmental uncettgion governance choice present non-significant and

even ambiguous results (e.g., Crocker and Mast@83;1Klein et al. 1990; Heide and John, 1990;
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Masten and Crocker, 1991; Zaheer and Venkatram@®5)1 As Klein (1989, p. 256) states: “It
appears that uncertainty is a too broad conceptlaatddifferent facets of it lead to both a desoe
flexibility and a motivation to reduce transactioosts.” He argues further that the effect depemds o
the dimension of uncertainty and shows that wheoegsedictability should have a negative impact
on vertical control, complexity should have a pesiimpact. Therefore, it is suggested that emairic
studies should split external uncertainty into dtanponents, investigate the opposing effects and
determine which dimensions of uncertainty are @heyor the respective transaction.

In addition, contractual provisions (such as pramaptation clauses) — which unfortunately are
confidential and cannot be incorporated in thislysia — are an important measure to react to
changing environmental conditions and to decrelasénflexibility of long-term agreements. Masten
and Crocker (1991, p. 5) point out that “where utadety about what will constitute optimal behavior
at the time of performance is great, it may bedvetv leave aspects of that performance open to
negotiation rather than to constrain parties taifigebut potentially inappropriate actions.” Theaim
objective is to define contract terms that encoaremt-increasing adjustments but at the same time
discourage rent-dissipating efforts to redistribatésting surpluses by opportunistic behavior.slt i
commonly known, that price adaptation clauses sfipicare included in long-term LNG supply
contracts. The recent move towards more volumebiléy, the drop of destination clauses as well as
the increasing importance of fob rather than c#/dentracts further reduce the risk of being boloyd

an inflexible agreement not reflecting market i

Future empirical work should address several isdtiest, researchers need to identify better poxie
of theoretical constructs (such as transaction scoasset specificity, uncertainty, transaction
frequency, etc.) that will improve empirical tegfirif it would be possible to find a valid proxyrfo
transaction costs, models in the structural forndefsned in Equation (6-2) could be estimated and
one could draw conclusions on the impact of tramsacost variables and other exogenous factors on
costs and benefits of contracting for one moregaerSecond, the concept of uncertainty should be
discussed with respect to various dimensions asedr@bove. Third, although empirical studies
should account for the simultaneous choice of emniprovisions like contract duration or the lewEl

completeness of contracts, there are huge chaleshggeto very limited data availability.
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6.7 Appendix
The following tables and figure present estimatiesults for the whole sample excluding the variable
STDEVOIL for which only 224 out of 261 observatioase available. OLS, 2SLS, and GMM

estimations produce qualitatively similar results.

Table 25: Estimation results explaining CD excludig STDEVOIL

Specification oLs 2SLS System GMM
(VOL as exogenous variable) (VOL as endogenous variable) (VOL as endogenous variable)
Model A Model B Model C Model A Model B Model C Mel A Model B Model C
CONSTANT 17.73=*  17.39**  17.16** | 18.49**  18.05**  17.89** 18.44 **  17.97 ¥* 17.66***
(1.45) (1.44) (1.39) (1.54) (1.53) (1.49) (1.49) (1.46) (1.49)
RCAPSHARE 3.53* 3.28 * 3.27* 6.18 ** 5.69 ** 5.97 ** 6.12 *** 5.52 ** 587 ***
(1.73) (1.74) (1.68) (2.42) (2.44) (2.39) (2.28) (2.29) (2.25)
UNC 0.28 0.18 0.21 0.31 0.20 0.23 0.26 0.10 0.16
(0.90) (0.90) (0.88) (0.92) (0.91) (0.89) (0.92) (0.91) (0.87)
D2000 -3.02%*%  -3.06**  -2.84 %+ -2.87%x 294 %k D 7D kkx -2.87 *x 2,04 *rx LD 66 *F*
(0.71) (0.71) (0.69) (0.72) (0.72) (0.71) (0.65) (0.65) (0.65)
VOL 0.67 ** 0.72 *** 0.82 *** -0.10 0.03 0.04 -0.07 0.11 0.12
(0.27) (0.27) (0.26) (0.56) (0.56) (0.54) (0.53) (0.53) (0.53)
In(BILEXP1) -2.92%** -2.90 *** -2.92 ***
(0.66) (0.67) (0.65)
In(BILEXP2) -1.24 %% -1.20%* -1.22 %%
(0.28) (0.28) (0.28)
RENEW -5.61 *** -5.32%** -5.43 ***
(0.98) (2.00) (0.89)
LNGSHARE 2.11* 2.64 ** 217 * 2.07* 2.59 ** 213 * 211* 2.67 ** 2.30 **
(1.16) (1.16) (1.13) (1.18) (1.18) (1.15) (1.13) (1.12) (1.15)
COMP -2.36* -2.03 -2.45% -2.61 ** -2.24 * -2.65 ** -2.57 * -2.14 -2.57*
(1.27) (1.26) (1.23) (1.30) (1.28) (1.26) (1.40) (1.39) (1.42)
Pagan-Hall 21.303 22.181 25.665
(0.011) (0.008) (0.002)
Adjusted R? 0.236 0.236 0.272 0.211 0.216 0.247
Centered R?2 0.234 0.241 0.271
N 261 261 261 261 261 261 261 261 261

*** Statistically significant at a 1%-level; ** stistically significant at a 5%-level; * statistidglsignificant at a 10%-level. All levels of
statistical significance are based on two-tailedt séatistics. Corrected standard errors in paeseth
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Table 26: Estimation results ' stage explaining VOL excluding STDEVOIL

Specification 2SLS System GMM
Model A Model B Model C Model A Model B Model C
CONSTANT 0.44 0.45 0.45 0.44 0.45 0.45
(0.31) (0.31) (0.31) (0.28) (0.28) (0.28)
RCAPSHARE 4 .29+ 4.29%* 429 *** 4,29 *** 4,29 *** 4,29 **x
(0.36) (0.36) (0.35) (0.36) (0.36) (0.36)
UNC -0.03 -0.03 -0.04 -0.03 -0.03 -0.04
(0.19) (0.19) (0.19) (0.17) (0.17) (0.17)
D2000 0.11 0.12 0.10 0.11 0.12 0.10
(0.15) (0.15) (0.15) (0.16) (0.16) (0.16)
In(BILEXP1) 0.12 0.12
(0.14) (0.13)
In(BILEXP2) 0.07 0.07
(0.06) (0.06)
RENEW 0.43** 0.43*
(0.21) (0.22)
LNGSHARE 0.02 0.01 0.05 0.02 0.01 0.05
(0.29) (0.06) (0.28) (0.29) (0.29) (0.29)
COMP -0.11 -0.11 -0.06 -0.11 -0.11 -0.06
(0.29) (0.30) (0.30) (0.25) (0.25) (0.25)
SELFSUFF -0.03 -0.04 -0.06 -0.03 -0.04 -0.06
(0.29) (0.29) (0.29) (0.25) (0.25) (0.25)
CAP 0.04**+* 0.03**  (0.03 *** 0.04 *** 0.03 *** 0.03 ***
(0.00) (0.00) (0.00) (0.01) (0.01) (0.01)
TERMINALS -0.03***  -0.03** -0.03 *** -0.03 **  .0.03*** -0.03 ***
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Sargan stat. 0.200 0.743 0.899
(0.90) (0.69) (0.64)
Hansen-J stat. 0.192 0.777 0.796
(091) (0.67) (0.67)
Adjusted R2 0.455 0.456 0.462
Centered R2 0.473 0.475 0.481
N 261 261 261 261 261 261

*+* Statistically significant at a 1%-level; ** ststically significant at a 5%-level; * statistidyal
significant at a 10%-level. All levels of statisticsignificance are based on two-tailed test stedis

Corrected standard errors in parentheses.
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Figure 39: Predicted values CD using 2SLS excludin§TDEVOIL
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7 Conclusions

This thesis investigates vertical structures indhabal market for liquefied natural gas, an indyst
which is changing both in quantity and quality. dat gas hubs gain in liquidity. Long- and
short-term contracts co-exist. On the one handf jp@ntures, strategic partnerships, and vertindl a
horizontal integration become common practice arabke arbitrage trades and the realization of swap
agreements; on the other hand, some new entrargstim non-integrated commercial LNG import
facilities.

The market structure has changed substantiallypguhie past decade. The survival of incumbents and
new entrants strongly depends on their ability ¢ @conomically; strategic decisions (of private
sector players) are driven by cost minimizatione Hieterogeneity of transactions in terms of varying
levels of relationship-specific investments, ex&trruncertainty, downstream competition, or
dependence on natural gas imports in the form oBLldd natural gas importing countries should be
matched by diversity in forms of governance (vagyitevels of vertical integration, varying
characteristics and duration of supply contracts,).eFor these reasons, the LNG industry is
particularly well-suited to test transaction cosb@omics’ propositions.

Based on transaction cost economics and recentlagewents thereof, it is analyzed which
motivations drive companies towards vertical indtigin along successive stages of the value chain
and which external factors determine optimal cantdaration of long-term supply agreements. First,
the impact of inter-organizational trust as a sipiftrameter on the choice of more hierarchical
governance modes is investigated. Second, an eabpitest of the positioning-economizing
perspective, linking transaction cost economics stnategic positioning, is provided. Third, optimal
contract duration of long-term LNG supply contraistenalyzed accounting for the trade-off between
contracting costs and flexibility in uncertain emmviments with both contract duration and contracted
volume being considered as endogenous variables.

These analyses have some limitations: i) pre-exjstiter-organizational trust should be treatedmas
endogenous variable determined by prior experiehet®een the exchange partners. A two-stage
regression model explaining the level of trust ifirst step would improve the analysis; ii) since n
performance data on the transaction-level are aviail it is not possible to test for the direct aopof

the presence of inter-organizational trust on erghgperformance; iii) similarly, transaction-spacif
performance data would allow to relate feasibleowese-profile/organization pairings to firm
performance and to estimate structural form instdfaeéduced form models as is suggested within the
positioning-economizing perspective; and finally), contractual provisions such as price adaptation
clauses or volume flexibilities are an important aswe to react to changing environmental
conditions. However, these are confidential infatiora Nevertheless, the recent move towards more
volume flexibility, the drop of destination clausesd the increasing importance of fob rather than
cif/des contracts reduce the risk of being boundahyinflexible agreement not reflecting market

realities.
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Even though transaction cost economics often ermed to be an empirical success story with about
900 empirical contributions providing consideralsigpport for its central propositions, “the field
continues to offer many opportunities to plant,vgr@and harvest new and value-creating research”
(Nickerson and Bigelow, 2008, p. 208). In recerdrgetransaction cost economics has become more
interdisciplinary. Researchers increasingly combimedictions derived from transaction cost
economics with those from other theoretical perspes such as strategic management or the
resource-based view of the firm.

Future empirical work should address several issyi@sore precise proxies for theoretical conssuct
such as transaction costs, asset specificity, tmiogy, or transaction frequency will improve
empirical testing. If researchers succeed in méaggovernance costs, structural form models can be
estimated allowing for the confrontation of propiosis derived from rival theories of the firm arad t
evaluate the costs associated with failing to alignsactions and governance forms; ii) as discusse
above, the concept of uncertainty should be consitleith respect to a variety of dimensions and a
more intensive theoretical and empirical treatmehtransaction frequency is required; iii) more
empirical tests investigating governance choiceaimore comprehensive way are desirable (e.g.,
studies analyzing the trichotomous choice betweerket, hybrids, and hierarchy, or studies
investigating a set of alternative hybrid goverrefarms such as different forms of joint ventured a
inter-firm alliances); iv) analyses going beyone thingle transaction as the unit of analysis but
instead regarding constellations of interdependemtsactions would improve the understanding of
overall firm strategy; and finally, v) accountingrfthe simultaneous choice of contract provisions
such as contract duration and the level of compéste would provide important insights on their
interactions. For this purpose, case studies argtable tool. Even though often criticized becaofse

a lack of generality, case studies are able tof@tuinstitutional and transactional details aralige,

as a complement to econometric tests, a richepgpetise.

Summarizing, transaction cost economics, assumingnded rationality of economic actors and
discussing the ex-post hold-up problem, once iatip-specific investments have been realized, is
an appropriate approach to analyze firm boundamesthe choice of alternative governance forms. A
number of empirical studies reveal that boundargiah matters and that misalignment increases
governance costs (e.g., Masten et al., 1991; Lieildeal., 2002). However, also motivations other
than efficiency such as strategic reasons, theblestenent of a portfolio of activities, or market

foreclosure might drive company behavior.
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