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Abstract

This paper examines the efficiency of the arbitsagerformed between two regional
markets for wholesale natural gas linked by a dapaonstrained pipeline system. We
develop a switching regime specification to (i)edtif the observed spatial arbitrages
satisfy the integration notion that all arbitragmortunities between the two markets are
being exploited, and (ii) decompose the observediapprice differences into factors
such as transportation costs, transportation Inettles, and the oligopolistic behavior of
the arbitrageurs. Our framework incorporates afteshe presence of market power and
it is thus able to distinguish between the physarad behavioral constraints to marginal
cost pricing. We use the case of the “Interconmégipeline as an application, linking
Belgium and the UK. Our empirical findings showttladl the arbitrage opportunities
between the two zones are being exploited but ocarthie presence of market power.
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1. Introduction

Over the last two decades, a series of structunéhlragulatory reforms have been carried out to
promote a competitive organization for both thetN@&merican and European natural gas industries.
A significant development in this restructuring whe emergence of spatially localized spot markets
for wholesale natural gas that are interconnedtealighout the pipeline network. By opening access
to the pipeline system, these liberalization reforimave allowed gas arbitrageurs to purchase
transportation rights and thus compete to explpdétial price differences between interconnected
markets. The efficiency of these spatial arbitraggzesents a major regulatory policy issue. For
example, the current European policy debates celateéhe organization of the EU’s internal market
for natural gas repeatedly underline the importaotespatial arbitrages as a means to prevent
balkanization and ensure an efficient supply ofirdtgas (Vazquez et al., 2012).

From a theoretical perspective, the definition sHd in Stigler and Sherwin (1985) indicates
that two geographical markets for a tradable goedrdegrated if the spatial price difference betwe
these two markets equals the unit transportatiost. ddowever, from an empirical perspective,
assessing the geographic expanse of wholesale gdsis represents a challenging task because
intermarket price spreads could reflect a varidtgtber factors, including transportation bottlekec
and oligopolistic pricing by the arbitrageurs. Teemome this problem, we define integration using
the equilibrium notion that all spatial arbitragpportunities between the two markets are being
exploited. This notion is derived from the thearatiliterature on spatial price determination tlvas
pioneered by Enke (1951), Samuelson (1952), andykaka and Judge (1971).

This paper develops an empirical methodology tessshe arbitrages performed between two
regional markets for wholesale natural gas linkgdabcapacity-constrained pipeline system. This
methodology is designed to (i) detect if these mtlare “integrated,” i.e., if all the spatial arbge
opportunities are being exploited, and (ii) decosgpdhe observed spatial price differences into
factors such as transportation costs, transpontddaitienecks, and the oligopolistic behavior of th
arbitrageurs. Our framework incorporates a testherpresence of market power and is thus able to
distinguish between physical and behavioral comggdo marginal cost pricing. As an application,
we use the spatial arbitrages in the “Interconnégipeline which connects Europe’s two oldest spot
markets for natural gas: the UK’s National Balagdioint and the Zeebrugge market in Belgium.

A large amount of empirical research has examimeddegree of spatial integration between
markets for wholesale natural gas with the helproé-series techniquésThese studies typically rely

! The application discussed in the paper examinetssible lack of gas flows in the pipeline infnasture connecting the
UK and mainland Europe. That is why the title of {hégper is a veiled reference to the British idioffoty in the Channel.
Continent isolated,” allegedly a newspaper headlineBritain in the 1930s announcing the suspensioffendy services
between the UK and mainland Europe because of dangeveather in the English Channel.

2 A tentative and non-exhaustive methodologicaltetirg of these contributions includes: (i) the lgatorrelation-based
analyses (Doane and Spulber, 1994); (ii) the us&xnger causality tests to examine how natural gase shocks are
transmitted across interconnected wholesale marfi@tene and Spulber, 1994); (ii) the pure cointegratbased studies



on local price data and assess the co-movemeptscek at each market location. In these analyses,
is typically argued that high degrees of correlatimd/or co-integration between the price series ar
evidence that the law of one price is being enfbrtéough spatial arbitrages. These price-based
empirical models provide useful insights into howedl price shocks are transmitted to adjacent
markets. However, the methodology used in thesdiestus of little help in assessing the competitive
nature of the observed spatial arbitrages, asftiejo detect the presence of imperfect competitio
Moreover, as suggested by the related agriculezahomics literature (Barrett, 1996, 2001; Baulch,
1997; McNew and Fackler, 1997), these empirical @®dre unable to account for the pivotal role
played by both intermarket transfer costs and tfaxeconsiderations.

In this paper, we consider an alternative apprdmed®ed on the parity bounds model (PBM) first
introduced in Spiller and Huang (19861 a PBM, arbitrageurs are assumed to be profiimiaing
agents. Using that assumption, intermarket priceagfs are examined using a “switching regime”
specification, which estimates the probability bEerving each of a series of trade regimes. Sestton
al. (1991), for example, consider three distinatlér regimes: an “arbitrage” regime where the spatia
price difference equals the unit intermarket tramtggion cost, an “autarkic” one where the local
prices differ by less than that transportation cast a “barriers to trade” regime where the olerv
spatial price difference is larger than that tramion cost. Barrett and Li (2002), our point of
departure, make use of trade flow data to furthigimdjuish whether trade occurs or not in eacthef t
three regimes. This direction-specific approachvedl them to detect any violation of the theoretical
equilibrium conditions that all arbitrage opportigs between the two markets are being exploited.

We propose a series of modifications of existing/BBo apply them to the case of natural gas
markets. Existing models assume the presence fifgb@ompetition in the spatial arbitrages between
two markets. So, we first propose an enriched fipaton to account for the role of market power
and show that it can be used to test for the assompf perfectly competitive arbitrages. Secor, t
role of transportation bottlenecks has so far beeglected whereas binding pipeline capacity
constraints are likely to occur in the gas indusBg, we propose isolating the specific contributid
pipeline capacity constraints in the observed apptice spreads. Lastly, the existing PBMs aretlas
on a static formulation where shocks are positedbéoserially independent and the variance

that test for the existence of a long-run equililbni condition governing the local price series (Deny and Walls, 1993;
Doane and Spulber, 1994; Serletis, 1997; Aschel.eR@02); (iv) the analyses examining a time-vagydegree of price
convergence among natural gas spot markets withefeof the Kalman Filter approach (King and Cuc, @9Bleumann et
al., 2006; Renou-Maissant, 2012); (v) the use of anoregressive model of pairwise price differestidetween
geographically diverse locations to estimate thees{s of adjustment toward equilibrium (Cuddingtod 8¥ang, 2006); (vi)
the joint assessments of the degree of marketratieg and price transmission across natural gasrkess using tests of
cointegration and the corresponding error-correctimodels (Park et al., 2008; Brown and Ycel, 2008)

3 These criticisms emphasize a lack of acquaintavitteexisting economic models of spatial price detaation. Two lines
of arguments motivate that shortcoming. First, rimarket transfer costs are typically omitted in dbeearly empirical

studies whereas, in theory, price equalizing arlgjgraactivities are triggered only when localized gtwresult in spatial
price differences which exceed these intermarketsfex costs (Barrett, 1996, 2001; Baulch, 1997; MeNsnd Fackler,

1997). Second, trade flows information play no rolehese early empirical studies whereas theory saggthat either
discontinuities in the trade flows or variations tine directions of these flows can have an impacthendegree of co-
movements among prices at each market locationr¢Beaand Li, 2002).

4 This model has been further extended in Spillet Wwod (1988), Sexton et al. (1991), Baulch (1981Bit (1998, 2001),

Bailey (1998), Barrett and Li (2002) and Negassa Btyers (2007).



parameters are held constant throughout the estiservation period. As these assumptions may look
too restrictive in applications based on daily dataenriched dynamic specification is also dedaihe
the paper.

We believe that this framework can provide usefutignce to a large audience interested in the
functioning of the restructured natural gas indastfe.g., competition authorities, regulators, kaar
analysts), and to researchers engaged in the etbraibdeling of these industrizé\s an application,
we examine the spatial arbitrages performed betwleeitwo oldest European markets for wholesale
natural gas in Belgium and the UK. This allows agtesent a series of original empirical findings
that: (i) show that all the arbitrage opportunitietween the two zones are being exploited, but (ii
confirm the presence of market power in the spatidlitrages. As the detailed institutional
arrangements created for these two markets hagelyashaped the designs of the other Continental
markets, we believe that these findings providalaable contribution to the policy debate relaied t
the restructuring of the European market for natyms.

Despite the importance of market power concerrikarenergy policy debates, the market power
potentially exerted by natural gas arbitragers titeerto been little studied. A notable exceptien i
Rupérez Micola and Bunn (2007) who apply standadrassion techniques to examine the
relationship between the pipeline capacity utilaat(i.e., the ratio of utilized to maximum capagit
and the absolute price difference between Belgindithe UK. Their results document the presence of
market splitting at moderate levels of capacityiaation which, according to the authors, suggdsts
presence of market power inefficiencies. Howeveither the direction of the trade flows nor the
intermarket transfer costs play any role in theialgsis. By taking these features into account, our
paper confirms the presence of market power, eVeall ithe arbitrage opportunities are being
exploited, and connects the empirical results ¢attieoretical literature on spatial price determoma

The remaining sections of this paper are organaedbllows. Section 2 details the theoretical
conditions for spatial equilibrium between two nmeteklinked by a capacity-constrained transportation
infrastructure. Section 3 presents an adapted @apimethodology to investigate whether these
conditions hold or not. Then, Section 4 detailsapplication of this methodology to the case of the
Interconnector UK, a natural gas pipeline conngctire UK to Continental Europe. Finally, the last
section offers a summary and some concluding resnark

2. Theoretical background

The empirical method described in the next seatxyplicitly refers to the theoretical conditions
for spatial equilibrium between two markets conadcby a capacity-constrained transportation

® In recent years, there has been an upsurge ofestén the application of operations research tEgaes to simulate the
functioning of a restructured natural gas industvith the help of large scale equilibrium models thé special issue of the
Energy Journal: Huntington, 2009). However, the ciite of the behavioral assumptions used to represpatial
arbitrages in these numerical models remains comrsial as some models posit the existence of diimpespatial
arbitrages (e.g. Golombek et al., 1995), whereageirfect competition assumptions are used in otfeig, Abada et al.,
2013).



infrastructure. This section presents these canditiand introduces the notation used in the faseo
paper. We make two polar assumptions regardingrélders’ aggregate behavior: perfect competition
and monopolistic behavior. We present the shortspatial equilibrium conditions in these two cases.

We consider two markets and j located in different regions that trade a homogese
commodity. We aim to analyze the direction-spedifibitrages that can be performed from market
to marketi at timet. These arbitrages are based on a single transiportafrastructure that has a
direction-specific, finite capacit,, that can change over tiM&he local supply of that commodity
Is assumed to be competitive in both markets. Veiras that, in each market, the aggregate total
production cost is a convex, twice-continuouslyetiéntiable function. For each regionat timet,

we assume that there is a linear inverse demaratidmn p, (q) = g — b q where a, is the intercept
andh is a strictly positive slope coefficiehiWe ignore price uncertainty and respectively deript

and P, the local market clearing prices in each location.

The transportation infrastructure is owned by aulatgd infrastructure company that sells
transportation rights to a set of identical tradiingns. The trading firms’ unique activity is tongferm
spatial arbitrages. A transportation right providesowner with the right to transfer up to onetuofi
good from marketj to marketi at each time period during the infrastructure’s lifetime. At any time

t, the operating cost incurred by the infrastructcoenpany is assumed to be recovered from the
transportation rights owners in proportion to these of the infrastructure at that time. Thus, the
infrastructure company charges a non-discriminapyige per unit of good transported. The capital
cost of this infrastructure is assumed to be reaal/é lump sum charges paid by the transportation
rights owners and we do not consider this costh@urtin the analysis. The total arbitrage cost,
including all the transportation costs and the damtion costs incurred by a rights owner when
performing an arbitrage from mark¢tto marketi at timet is assumed to be a linear function of the

trade flow at that time. The associated marginaiti@ge cost is denoted, . We assume that there are

no transport lags so that spatial arbitrage cae fdlce within each observation period. The non-

negative aggregate trade flow fromto i measured at time is denotedQ

it -

a — Case A: Perfectly competitive spatial arbiteage

In this case, we assume that traders adopt a fakoeg behavior at each location. At time
their aggregate behavior can be modeled usingottening profit-maximization problem:

® These variations are caused by exogenously detedmfluctuations in a series of factors includirthe operating

pressures of the adjacent national pipeline systehesflow temperature, the chemical compositiothefnatural gas. See
Chenery (1949) and Massol (2011) for an engineebaged introduction to gas pipeline economics.

" We can remark that these slope coefficients atesmoscripted with the time index and are thus asstim be constant. In
contrast, the intercepts of these inverse demandtifins are assumed to be time-varying parameteesguse of the
seasonal variations observed in natural gas demahldgse assumptions are frequently used in theegbof restructured
electricity markets (e.g., Day and Bunn, 2001).



'\gﬁx nit (an):(r?? -R _Tjit)Qt (1)
S.t. an = Kjil (2)
Qi 20 3)

where: the objective function (1) represents thal forofits obtained by these trading firms, coiodit
(2) describes the transportation capacity congtraid condition (3) indicates that the trade floem
market j to marketi must be non-negative.

Denoting ¢, the dual variable associated with the transportatapacity constraint (2), the

Karush-Kuhn-Tucker conditions of this constrain@timmization problem are:

0<Qy, R -P

it jt — 7

jit

_fjit <0 and (Rt _Pj[_rjit _Ejit)QI =0, (4)
0< Ejit ) jSt < Kj and (jSt = K )Ejit =0. ®)

These two complementarity conditions together d@efine equilibrium conditions for competitive
spatial arbitrages at time

The marginal profit to spatial arbitrages is equathe difference between the market-clearing

price at location and the sum of the price at locatiprand 7, the marginal arbitrage cost related to

jit
trade. The dual variablé,, can be interpreted as a marginal congestion db&t.complementarity

condition (5) ensures that the marginal congestmst ¢, is equal to zero whenever the
transportation capacity constraint (2) is slacld tvat &, is positive when this constraint is binding.
In case of a zero marginal congestion cost (£g.70), the complementarity condition (4) is fully

consistent with the logic of the Enke-Samuelsonalyakna-Judge spatial equilibrium models because

it ensures: (i) that there is no trade from markeb marketi (i.e., Q; =0) when the marginal profit

to spatial arbitrage is negative, and (ii) that tm&rginal profit to spatial arbitrage is zero wheatde

occurs and it is not constrained by the infrastm&es capacity (i.e.0<Q,, <K, ). In our setup, we

=K.

allow for a binding capacity constraint (i.eQ ;) which, according to the complementary

it

condition (4), ensures that the marginal profispatial arbitrage is positive (i.eR, - P, -7, 20). In

this case, there exists a scarcity r@mgt— P —rm) K, that accrues to the traders.

b — Case B: Monopoalistic spatial arbitrages

We now assume, at the other extreme, that traddlectively behave as a monopoly, i.e., that
they know how the prices in each region react eéogbantities supplied. At time, their aggregate
behavior can be modeled using the following proféximization problem:



Max i (Q)=(n($+Q)-p(S- Q)5 )R (6)
st Q, =K, (7)
Q; 20 (8)
where: p,(.) and p, () are the local inverse demand functions, a&dand S, are the aggregate

supplies decided by all the local producers at éaadtion.

We denote againé;, the Lagrange multiplier associated with the tramsgion capacity
constraint (7), and, andP, the local market clearing prices. The Karush-Kiiuecker conditions of

this constrained optimization problem are:
OSjSt' F?n_ﬂt_rm_(b"'t?)(?t _ﬁt Soand(Fi)t_Fj?l_Tjil_(b-'-tp)q _ﬁ'(it)Q =0 (9)
0< Ejit ) jSt < Ky, and (an - K )Ejit =0 (10)

These two complementarity conditions together @efime equilibrium conditions for monopolistic
spatial arbitrages at time

The economic interpretation of the complementaciinditions (9) and (10) is similar to those
detailed for the case of competitive arbitragesepkt¢he marginal profit to spatial arbitrage is now

equal tok, -PR, -1 —(p + t]:;) Q . Thus, in the event of monopolistic arbitrages #patial price

differential is always larger than the marginalitdge cost when trade is observed (even when the
congestion constraint is slack). This reflects tilaglers’ ability to exert market power by restrigti
intermarket trade to generate some monopoly rents.

3. Methodology

This section presents the methodology used inntlsisuscript. We first adapt the existing static
PBM framework to take into account the role of bpipeline capacity constraints and market power.
Subsequently, we detail the empirical specificatiod a dynamic extension to the static model.

3.1 An adapted parity bounds model

We now define seven mutually exclusive trade regimad relate them to the theoretical
conditions for spatial equilibrium detailed in theevious section. In addition to the six trade mezg
considered in the PBM proposed in Barrett and 100@), we introduce a new one that takes into
account the case of pipeline congestion. Morediegreach of these trade regimes, we distinguish
between the two polar cases of perfectly competiind monopolistic spatial arbitrages.

As shown in Table 1, marginal profits to spatiddimage and trade flow considerations can be
combined to define a taxonomy of trade regimes gong the arbitrages from markgtto marketi .



Regarding marginal profits to spatial arbitrageeéhbasic states can be defined depending on the
value of these marginal profits: zero, strictly itige, and strictly negative. Regarding trade flpivao
basic states can be identified depending on whetlpasitive trade flow is observed or not. Follogvin
Barrett and Li (2002), each of these six regimelalieled | to VI, where odd numbers are used for
regimes with strictly positive trade flows and evermbers for those without trade.

Table 1. The trade regimes in each direction

Trade is observed: No trade is observed
O<an < Kjy an =0
zero marginal profits to Regime | Regime II
spatial arbitrage A A

Regime lILiff Q, <Kj

positive marginal profits tg u, Regime IV
spatial arbitrage Regime lI}iff Q, =K, Ay
Alllb
negative marginal profits tp Regime V Regime VI
spatial arbitrage A A

In regimes | and Il, the marginal profit to spatabitrage is equal to 0. As shown in the previous
section, depending on the assumption posited ferhbhavior of the trading sector, one of the
following conditions is binding:

Case A: Competitive arbitrages Case B: Monopolistic arbitrages

R -R -7, =0 (1) | R-R-5~(b+h)Q =0 (12)

In case of price-taking behavior (Case A), theiapgtice differential is equal to the marginalrséer
cost. In case of monopolistic arbitrages (Casetli®, possibility to exert market power results in a
spatial price differential that exceeds the maigirensfer cost and the difference between theiswo
proportional to the observed trade flow. In Cas@édspectively B), each of the two regimes verifies
the complementarity slackness condition (4) (rethpaly (9)) when there is no congestion cost (i.e.,

¢, =0). Therefore, both regimes are consistent witrcthalitions for a spatial equilibrium.

In regimes Il and IV, the marginal profit to amaigge fromj to i is strictly positive:

Case A: Competitive arbitrages Case B: Monopolistic arbitrages

R -P -1, >0 (13) P-R-1,—(b+h)Q >0 (14)

In both of these regimes, markets are separatedhend are unseized opportunities for profitable
spatial arbitrage. Still, in case of positive trdd=gime 111), the observed insufficient arbitrageght



result from the capacity-constrained nature of tin@nsportation infrastructure. Indeed, the
complementarity conditions detailed in the precgdsection indicate that, in case of a binding

capacity constraint (i.e.Q; =K ), observing a strictly positive value for the magj profit to

arbitrage is consistent with the conditions forharsrun spatial equilibrium. In contrast, the join
observation of strictly positive marginal profit gobitrages and a slackening in the infrastructure’
capacity constraint violate the conditions for ati&d equilibrium. Thus, we propose a modificatton
the original model and further decompose regiménttd two mutually exclusive regimes labeled, IlI

and lll. In regime Il the observed trade flows verif§<Q, <K; whereas a binding capacity
constraint (i.e.Q,, = K;, ) is observed in regime HlITherefore, the latter regime, but not the forneer,

consistent with the conditions for a spatial edpitim.

In regimes V and VI, the marginal profit to arbgeafrom j to i is strictly negative:

Case A: Competitive arbitrages Case B: Monopolistic arbitrages

R —R -7, <0 (15) B —PB -7 ‘(b “‘k?) Q@ <0 (16)

J

In both regimes, there are no profitable arbitragportunities. In regime VI, trade is not occurring
and the observed local prices correspond to autpriges. This regime is consistent with the
conditions for a spatial equilibrium. In contragtgime V indicates that trade is occurring despite
negative marginal profits which are not consisteitih equilibrium conditions.

In sum, having introduced a further distinctionvioetn regimes Ijland Ilk, a total of seven
regimes are thus considered in our analysis. Ttimaed probability to observe regimeis denoted

A -

r

Spatial equilibrium conditions hold with probatyil (4, +4, +4, +4,) and the estimated

probability to observe disequilibrium (sama +A, +A ) .

3.2 Empirical specification

We now detail the empirical specification aimedestimating the probabilities of being in each
regime using a data set dfi observations for the local market-clearing pricék® observable
marginal arbitrage cost, the trade flow, and thalakle transportation capacity.

From an empirical perspective, the marginal arpéraostr,, can be decomposed into two

components: an observable portion narigd(i.e., a series that comprises all the transgortand

transaction costs available to the modeler), andraiservable one which is assumed to be explained

by a constant and by a vector of observable exagefawtorsz,, 2 S0, in what follows, the marginal

8 Consistent with our assumption of total arbitragsts that vary linearly with the trade flows, thistee does not include
the trade flow variable.



arbitrage cost is assumed to bg =T, +a, +Z, £, where a; and g, are direction-specific

parameters to be estimated.

In case of monopolistic arbitrages, the sum ofslbpe coefficients for the local inverse demand
functions is unlikely to be readily available t@tmodeler. So, we introduge an unknown parameter

to be estimated that will be interpreted(as+bJ ) the sum of the slope coefficients. So, we expest t

estimated value foy to be non-negative.

DenotingR, =R - R - T, the series that represents the observable pasfitine marginal rent

it

to spatial arbitrage, the marginal profits to adge in each of the three distinct cases (zeratip®s
and negative) are modeled using the following dwitg regression model (Sexton et al., 1991,
Baulch, 1997; Barrett and Li, 2002):

Case A: Competitive arbitrages Case B: Monopolistic arbitrages
Regimes | & II: Regimes | & Il
Ric _(aji +Z, 3 ) =& (17) Rj¢ _(aji +Z, B )_ Qr=¢ (20)
Regimes I}, lly & IV: Regimes I}, I, & IV:
Ric _(aji +Z, 3, ):“1} + Hy (18) Rit _(aji +Z, B )_ QV=& i (21)
Regimes V & VI: Regimes V & VI:
Ry _(aji +Z, /3 ): G Y (19) Rit _(aji +Z, )_ Qr=& —4 (22)

where: a.

i » B, andy are unbounded real-valued parametefs;is a random error that is assumed to

be i.i.d. normally distributed with a zero mean amdianceos?; and y;, and v, are i.i.d. random

samples from zero-centered normal distributionsxdated above at O with respective variance

2
parameterss;, and d;, .

The specifications used to model the cases of ctitiveeand monopolistic spatial arbitrages

differ only in the markup ternQ

.. Thus, a statistical test of the null hypothegiso (e.g., a
likelihood ratio test) can be conducted to test ol hypothesis of perfectly competitive spatial
arbitrages. For the sake of brevity, only the umieted model based on equations (20), (21), a@yl (2

is detailed hereafter.

° From an empirical perspective, this interpretatifails to acknowledge data quality issues in theetisaries used in the
estimation procedure. As argued in Barrett and20(2), the constantr; can also reflect any measurement bias in either

the price or the observable transaction cost seri®& proceed with this caveat in mind, assumingvtiglity of this
interpretation.

10



Denoting #= (aji B, .v,0,.,0, ,cr,,) the parameter vector to be estimated and
m, =R, —(ay +Z, 4 )- Q v the random variable that gives the marginal prioditn spatial arbitrage

at timet, the joint density function for the observatiortiate t is the mixture distribution:

fu(mel(2.0)) = A4 4 (m10)+((2-8 )4 .+ B 4 " ( [6)5A8 (ar o))

(23)
+(1_ Ajit)[/]u fjiltl (7% |9)+/}v fitlv (731 |€)+d' ‘VI (71I |9)J

where: A; is an indicator variable that takes a value dfttade is observed and zero otherwisg;
is an indicator variable that takes a value of thé transportation infrastructure is congested zand

otherwise; f; (7,|6) and f

jit jit

(7.|6) are normal density functionsf,! (m,|6) and ) (7, |6)

jit jit

(respectively fy (,|6) and f} (7,]6)) are the density functions derived in Weinstei6d) for the
sum of a normal random variable and a centered-@ormandom variable truncated above

(respectively below) at O.

Denoting A the vector of the estimated probabilities to obseéhe seven regimes, the likelihood

function for a sample of observatio{®, . z, . Q, . K, } is:

N

L(A.6)=[] 1 (7.|(2.0)) (24)

The model can be estimated by maximizing the ldigariof the likelihood function with respect
to regime probabilities and model parameters stithjethe constraints that the regime probabilities
sum to one and that each of these probabilitissti¢he unit interval.

This specification differs from that of Barrett abid(2002) in four ways. First, we show how a
parity bound model can be used to test the nulbthgsis of competitive spatial arbitrages. Second,
contrary to Barrett and Li, the two markets undemusny are connected by a capacity-constrained
transportation infrastructure. So, a seventh regiailed II}, is introduced to account for the
explanatory role played by infrastructure congesigsues in the observation of positive marginal

profits to spatial arbitrage. Third, we introducevector of observable exogenous factars to

capture the effects of omitted arbitrage costss Bpiecification provides fuller information to ayrd
market relationships. Lastly, we follow Baulch (¥9@&nd Negassa and Myers (2007) and relax the
restriction to use a unique variance parametethi®half-normal distributions of the two non-neyati

error termsy, andy, in the likelihood functions’

ijt

10 One might argue that, in certain applications, géensize considerations could motivate the usehef restriction
g,=0, reduce the number of parameters to be estimatet] this restriction can hardly be justified @opi.
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3.3 Dynamic extension

The specification above has a static nature. Soneve detail an extended version aimed at
capturing the inter-period linkages that may besobsd in commodity markets.

a — Correcting for autocorrelation

To the authors’ knowledge, most previous parity riibumodels do not account for
autocorrelation. Kleit (2001) is one of the few emtions. Surprisingly, this omission is seldom
discussed. Yet, serial correlation due to both sugocks and speculative storage activity is
commonly observed in the empirical studies deddtdate commodity prices (Deaton and Laroque,
1996)™ As the presence of unmodeled autocorrelation esultrin inefficient estimates, the presence
of serial correlation has to be appropriately cctere for:

In this paper, we apply a Bayesian approach thsitigar to the one in Kleit (2001). We aim to
extend the Barrett and Li framework to adjust twe presence of serial correlation in the error term

&y - Yet, a difficulty emerges: the exact valujgt_l) cannot be directly observed. However, we can
consider the expected value ‘qif(t_l) , given the evidence provided by the previous olai&m, which

results in the modified specification:

Regimes | & II: R —(crji +Z, B )— Qv-4 E(gji([_) /7“([_1)) =¢ (25)
Regimes Il N1, & IV: R, (2, +Z. 4 )-Q v-R E(&y|m) =4 +4 (26)
Regimes V & VI: Re (0, + 2.8 )-Q v-8 E(gji([_l) ’71i¢—1)) =5 -y 27)

where: p, is an autocorrelation coefficient such that<p, <1; 7, is the observed lagged

jit-1)

residual, that iy, =7, —pjiE(gji(_z)‘fyji(_z)); and E(gji(t—l) /7ji((—l)) represents the expected value

of ¢, t-1)

given evidence provided by the observed laggeduak

We now show how the expected VaIE(%E

i) /7ji((—l)) can be computed. Given the observed

value of the lagged residual and the parameter vect@ z(e, pji), Bayes theorem can be

ji(t-1)

1 In the application discussed below (an analysismaitket integration between two markets connected Ipjpealine
system), at least two engineering-based argumenisnuativate the presence of autocorrelation. Fifspm a dynamic
perspective, a pipeline system can be described slsw-moving transportation infrastructure as aupte of hours are
typically needed to move a given molecule of metlismm one market to the other. Second, the operatf a natural gas
pipeline system can create temporary energy stoffue so-called line-pack buffer). As a result, lgabservations are
likely to jointly represent the outcome of decisiteken both today and yesterday.

12 Barrett and Li (2002, footnote 3) mentioned theabecorrelation issue and claimed that the CochraBeeutt method
could be used to correct for serial correlation. Wver, the distribution of the observed residualdrsmatically modified
from one observation to the next in case of a regimitch. Therefore, one may question the validitg @ochrane-Orcutt
approach.
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invoked to evaluate?, = Pt,l(r‘fyji(l,l) ﬂl) the posterior probability that the residual obsdrat time

t-1 was generated by regime(Kiefer, 1980; Spiller and Wood, 1988):

- A i (/) . (28)

(/1|.| +A, )fm ( ) Z/]k it 1)( h )

kzIII

The expected vaIuE(s

() /7ji((—l)) can be constructed from the observed resigyal, by: (i)
subtractingE(x) the expected value of the one-sided random variahl weighted by the posterior
probability to observe the regimes.lilil, or 1V; and, (ii) addingE(v) the expected value of the non-
negative half-normal random variablg weighted by the posterior probability to obsetve tegimes

V or VI,B that is:

(3 a| Tty =10y ~[ R+ +2,] Ea)+[ Bir P @) (29)

jit-1)

The construction oE(

”ji(tfl)) can be nested within the likelihood specificataiove. So,

jit-1)

the estimation proceeds again from a maximizatiothe log-likelihood function with respect to the

regime probabilitiest and the paramete subject to the preceding constraints anele p, <1

b — An adapted GARCH specification

Regimes | and Il model the cases of zero margirdltfgo spatial arbitrage. In these regimes, the
random variable representing the marginal profispatial arbitrage is assumed to be equal to the

stochastic error ternz,, which has the same finite varianeg for all observations. Yet, one may

it
question the relevance of this homoscedastic assump large empirical literature has documented
the tendency of commodity prices to exhibit timeywag volatilities. Accordingly, the spatial price
differential (and thus the marginal profit to spétiarbitrage) is likely to show signs of
heteroscedasticity. Therefore, we now detail a frelispecification whereby the variance of the
marginal profit to spatial arbitrage observed igimees | and Il is allowed to vary over time.

For the purpose of capturing the dynamics of uaget, a Generalized Autoregressive
Conditional Heteroscedasticity (GARCH) model (Baddlev, 1986) represents an attractive approach

13 Denoting ¢ the density function of the standard normal disition and ® its cumulative distribution function, these
expected values areE(,u) =0, (/)(0)/(1—613( 0)) and E(U) =0, (p(O)/(l—dJ( O)) .

! Regarding the particular case of the first obséiva, an arbitrary value has to be taken fEr(‘sjiO|/7ji 0) becauser;,
cannot be observed. In this paper, the initial ml:‘;|(£jio|/7ji 0) is taken as equal to zero (that is, the conditionaan of

& given it 1))
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that has been widely applied to model commoditykeia: Given the time serieR,, Z, and Q

defined above, a GARCH(1,1) specification can bittevr as follows:

Regimes | & II: R.—(a,+Z,8)-Qrv-4 E(gji(tfl) /7“({,1)) = ¢, (30)
Regimes I, 1, & IV: Ry (@, +Z, 4 )~ Q v-R E(eyy[n4) =4 +4 (31)
Regimes V & VI: R (2, + 2.8 )-Q v-R Eley|miy) =5 -4 (32)
£ =M G (33)
e =@, +4 [E(eyalme) |+ (34)

where: (30), (31) and (32) are the mean equati(8%), is the conditional variance equation; (33)

relates the random errar, to the standardized residug| which is assumed to be an i.i.d. standard

normal random variable; ands; , J, and g, are the usual, non-negative, GARCH(1,1) parameters

Compared to the usual GARCH specification, equafi®f) involves the use of the squared

2
/711((_1))} in spite of the true valuef,_, which cannot be observed in this

expected valu{E(Eﬂ(t_l)

regime switching model. Again, the constructiortitd expected Value(f,-i@_l)"?,-i((_l)) is based on a

Bayesian approach. Given the observed vale, , the values of the parametefs= (6?1,wji 0, .9, )

and h?

i(-»» We can evaluate the posterior probabilites and thusE(g

”ji(tfl)) using (29).

jit-1)

4. Application

4.1 Background

This application focuses on the so-called Intereotor (hereafter abbreviated to IUK), a bi-
directional natural gas pipeline system connedtirggUK National Transportation System (using the
Bacton Terminal) to Zeebrugge (Belgium). This isfracture allows spatial arbitrages between
Europe’s two oldest spot markets for natural ggsthé UK’s NBP, which allows counterparties to
trade a standardized lot of natural gas pipedhgaiK National Transmission System with a delivery
point at the so-called National Balancing Point ®Band (ii) the Zeebrugge local market in Belgium,
which is labeled ZEE.
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We consider the period covering October 1, 2003 d¢tober 5, 2008 During that period, the
IUK pipeline was the unique infrastructure linkitige UK and Continental natural gas markets. In
addition, that period corresponds to a steadytuiginal environment with unchanged access rules fo
both the IUK and the adjacent national pipelineteays. These features make the IUK case an
attractive experiment to investigate the efficienfyhe spatial price arbitrages that can be peréar
in a deregulated natural gas industry.

4.2 Data

We use daily transaction price data for day-ahehdlegale natural gas traded during working
days as published by Platt’s, a price-reportingiser For each working day (i.e., Monday to Friday)
they reflect the price range of a standardized fifyaof natural gas to be delivered at a consthow f
rate throughout the next working day after assessifeeg., Friday's assessment reflects Monday's
delivery)® All prices are denominated in €/ MWh. Given therextely limited liquidity of within-day
markets, we follow the usual convention and refethtese day-ahead prices as “spot” since they
provide traders with a final opportunity to tradesgut of a forward position before physical deljve

The fuel used by the IUK operator to power its coegpor equipment represents the observable
portion of the marginal arbitrage costs incurredty traders. This is a direction-specific costsijn
according to the pipeline operator, fuel gas comion amounts to 0.8% of the quantity of gas
transported when natural gas is piped from the OiBelgium, and to 0.26% of the quantity of gas
transported in the other direction. This fuel cizssevaluated using the price of natural gas in the
exporting market.

The unobservable portion of the marginal arbitreggs includes two kinds of costs: (i) the entry
(respectively, exit) charges incurred by the tradeho import gas to (respectively export gas from)
the UK, and (ii) all the unobserved transactiont€@s.g., unmeasured transactions costs, informatio
gaps...). Hereafter, these costs will be estimatgidg a constant, a time trend, and two dummy
variables:D,,, ... that takes the value 1 during the period cove@atpber 1, 2004, to September 30,

2005, and D, s that takes the value 1 after October 1, 2005. Hamiod corresponds to a

“standard gas year” during which the regulated ¥=Bixit tariff system used by the UK National
Transportation System is kept unchanged.

Regarding trade flow data, the wish may be to useaggregate variable gathering all the
transportation nominations communicated at theadrathy working day for delivery during the next
working day. Unfortunately, these data are confi@énSo, this study uses a proxy: a historicaflo
series representing the physical daily flow of ratgas, measured in GWh/day, that transited throug

15 This starting date has been chosen to omit thebeurof partial closures that happened during thenmer of 2003.
Moreover, the transited flows of natural gas were admunidirectional (from the UK to the Continent) dref that date
(Futyan, 2006). This terminal date corresponddi® dpening of the Langeled infrastructure, a pipelsystem that together
with already existing offshore pipelines, allowed Nagiaa gas producers to perform spatial arbitragesamen the UK and
the Continent, thereby offering an alternative te tbK.

18 Further information on the methodology used tostarct these market-on-close price assessmentsitahle in Platt’s
(2012).
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the UK as reported on the pipeline operator’s \ited$ Thus, we proceed under the assumption that
the physical gas flow measured during a given waylday represents an unbiased estimator of the
aggregate transportation nominations decided duhiegrevious working day (at the time when trade

occurs in the corresponding day-ahead marfet).

According to the Interconnector operator, the nahitnansportation capacity from the UK to
Belgium remained unchanged during the entire sapgfied. In the other direction, the installatidn o
some compressor equipment in Zeebrugge on Nover8pe&2005, increased the transportation
capacity. Unfortunately, information related to #reailable daily transportation capacities remains
unavailable. So, we follow Rupérez Micola and B§BA07) and consider the historical maximum
values of the trade flows. The historical maximaevé&24.63 GWh/day from the UK to Belgium, and
310.24 GWh/d prior to November 8, 2005, (respebtidd1.80 GWh/d after that date) in the other
direction.

The daily flow capacity of a point-to-point natugds pipeline is a time-varying parameter that
depends on a series of exogenous factors (e.gopmating pressures of the adjacent nationalipipel
systems, the flow temperature, the chemical conipasof the natural gas). Hence, the historical
maximum daily flow cannot necessarily be attaind@. proceed by assuming that congestion is likely
to be a source of concern when the observed cgpatiization ratio (measured against the
historically maximum) exceeds 80%. Hereafter, thigshold is used to distinguish regimeg #ihd
.

The data set has been modified in two ways. Hiatt) the Belgium and UK markets are closed
on national bank holidays. To account for differesnén the national calendars, all the observations
related to a bank holiday in either Belgium or (i have been disregarded in the subsequent
analyses. Second, we excluded observations madtes during which the Interconnector service
was unavailable due to planned maintenance (thetes dre documented on the IUK’s website). As a
result, we assembled time series data containirggda®ly observations on prices, compressor fuel
costs, and trade flows in each direction.

4.3 Descriptive statistics

An examination of trade data indicates that outheke 723 observations, 369 correspond to net
positive exports to Belgium (of which 26 correspaod congested infrastructure), 341 to net imports
to the UK (of which 46 correspond to a congestdéstructure) and 13 to zero trade.

7 Cf. www.interconnector.com

18 On a given working day, pipeline users are offatelpossibility to revise the transportation seeviequested at the end
of the previous working day. This is the so-callethiwiday re-nominations. Yet, for the pipeline aier, these within-day

re-nominations generate a significant extra opematcosts. As a result, the detailed pricing ruleted by the pipeline

operator have been explicitly designed to rendesg¢hwithin-day re-nominations extremely costly.uSers have a strong

incentive to contract their real transportation misefor day d+1 at the end of day d (i.e., before ¢tlose of the day ahead
market). Therefore, we proceed assuming that thebénvwday re-nominations can be neglected.
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Table 2 details the correlation coefficients betvéee two local price series in both levels and
first differences. Following Stigler and Sherwin8b), these high values could be interpreted as
positive signs of market integration, though thedicee” of that integration seems to be weaker when
the natural gas is exported from the UK. So, actime-specific approach seems to be needed to
further investigate the degree of spatial integrabetween these two markets.

Table 2. Correlation coefficients for the two priceseries

Entire sample

Subsample defined by
net positive exports

Subsample defined by
net positive exports

to Belgium to the UK
correlation in levels 0989 0.985 0.988""
correlation in first differences 0.900"" 0.760"" 0.905

Note:™ indicate significance at the 0.01 level.

Table 3 summarizes the descriptive statisticsHertwvo serieR; (i.e., the observable portion of

the marginal rent to spatial arbitrage). The disttional properties of these series show some sifjns
non-normality as a very large leptokurtosis is obse in both cases. Figure 1 provides plots ofaghes
two series and the measured pipeline flow from &adiUK) to Zeebrugge (Belgium). A visual

inspection of these plots suggests the preseneelafility clustering which motivates the use of a
specification that incorporates some GARCH featurBse estimated first-order autocorrelation
coefficients reveal clear evidence of serial catieh (0.311" for the seriesR . ¢, and 0.30T

for the seriesR,..  \s»,)- This finding is in favor of a dynamic specifizat able to correct for serial

correlation.

Table 3. Descriptive statistics for the marginal rat to spatial arbitrage

Entire sample
F2NBP—» ZEE I:2ZEE—> NBP
Mean -0.232 0.044
Median -0.100 -0.051
Maximum 7.484 25.189
Minimum -25.543 -8.096
Std. Dev. 1.581 1.557
Skewness -7.394 7.396
Kurtosis 108.946 112.664
Jarque-Bera 344730.200 368877.600
(p-value) (0.000) (0.000)
Observations 723 723
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Figure 1. Data plots
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4.4 Estimation and empirical results

a — Estimation procedure

The estimation procedure involves the constrainedimzation of a non-trivial log-likelihood
function. This is a non-linear, non-convex, coriggd optimization problem that has to be solved
numerically using hill-climbing procedurés.

To obtain a feasible starting point, we first colesithe simplest possible static specification,(i.e

omitting the exogenous explanatory variabl@s and assuming zero values for both the

autocorrelation and the GARCH parameters). The egad solution for this restricted specification
Is then used as a feasible starting point for thestricted model. The optimization problem at hand
has the potential for local maxima, which is a seuf concern because the outcome of a non-linear
programming solver may depend on the location efgtarting point. To address this problem, the

19 All the estimates reported in this paper have befsained using an iterative procedure that perfsr2d iterations using
the Davidon-Fletcher-Powell (DFP) algorithm followds; 20 iterations using the Broyden-Fletcher-Gol8f&hanno
(BFGS) one, and then a switch back to DFP for 2ttens, and so forth.
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first solution is systematically compared to the®mwbtained with a sample of 1,000 starting points
uniformly drawn over a range of possible startirgues. The converged solution that provides the
highest likelihood value is systematically stored.

b — Empirical results

Estimation results are reported in Table 4. Thétetaletails the estimates obtained for: the
unobserved marginal transaction costs @,... 5. ... 5., ...), the market power coefficieny(,

the autocorrelation parametep), the regime probabilitiesA(’s), the GARCH parameters used to
model the heteroscedasticity related to regimexdila(@, J, ¢), the standard deviation parameters

for the truncated normal distributionaﬁ(, o, ), and a series of likelihood ratio tests.

From these estimation results, several facts staud First, the estimated values for the
coefficient y are positive, as expected. These estimates angylsignificant in both directions, which

reveals the presence of imperfectly competitivetiadpes across the Channel. A further confirmation
is provided by the likelihood ratio tests: the rufpothesis of competitive arbitrages is firmlyerpd

in both directions. So, we cannot reject the assiammf imperfectly competitive arbitrages during
that period. This finding is consistent with theuks in Rupérez-Micola and Bunn (2007).

Second, the high estimates obtained Aprand A, in both directions reveal that the observed

spatial price difference is predominantly explaitgcthe sum of the unobserved marginal transaction
costs and the markup term. These very high valegsltrin a very high probability of observing an
imperfectly competitive spatial market equilibriuFollowing Barrett and Li (2002) the probability of
spatial market equilibrium conditions holding is the range defined by the minimum and the

maximum values of the direction-specific su(vl§+ A+ A+ A, ) , that is (0.9468, 0.9477).

Third, the probabilities4, to jointly observe infrastructure congestion amdcty positive

marginal profits to spatial arbitrage regime atheazi zero or extremely low. These estimated values
are consistent with the analysts’ consensus sumethiin Futyan (2006) on: (i) the oversized nature
of the IUK’s transportation capacity when naturakgs flowing to the Continent and (ii) the likely
capacity-constrained nature of the IUK in the opgodirection (before the November 2005 capacity
increase). In contrast, the estimated probabilifigs are larger and highly significant. Infrastructure

congestion issues that are directly related tdriterconnector pipeline cannot be invoked to explai
the presence of these strictly positive marginalfityr to spatial arbitrage. These observed trade
barriers could, for example, be due to pipelinegestion in the adjacent systems. Still, in relative
terms, the probability of observing this regimensall.

Fourth, the marginal cost parameters included & riean equation are significant in both
directions, which confirms the presence of unolegrmarginal transaction costs. The estimated
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unobserved marginal costs are strictly negativalidhe observations, which suggests the preseice
unobserved marginal benefits to trade.

Table 4. Estimation results for natural gas trade aross the Channel

From UK to Belgium From Belgium to UK
Mean parameters
a -0.3164"" -0.0990""
Bime 0.2019 -0.7017""
JZ— -0.0401 0.2442""
JE— -0.2391" 05304
y 0.0012"" 0.0026
P 0.3396 0.4860 "
GARCH parameters
@ 0.0151"" 0.0315"
) 0.9413"" 0.8691""
¢ 0.0254 0.0257
Standard deviations
g, 221477 8.4446
g, 6.3419" 2.0899"
Probabilities (in %)
A 48.5613"" 415957
A 41.1580"" 50.4989"
A, 24462 1.6899""
Au, 0.0000 0.9188"
Ay 2.8750"" 0.4921
A 0.0028 3.0477"
Ay 4.9568"" 1.7569
Log likelihood -982.6623 -991.7400
LR tests
Ho: =0 128.868 (0.000) 115.345 (0.000)
Ho: 0, =0, 44.278 (0.000) 41.018 (0.000)
Ho p=0=¢=0 206.992 (0.000) 228.932 (0.000)
Observations 723 723

Note: Asterisks indicate significance at 0,10.05 and 0.01" levels, respectively. Numbers in parentheses reg@-t

values of the? statistics.

Fifth, the estimated autocorrelation coefficiengs are significant at the 0.01 level. These

estimated values are positive and their order afmtade is comparable to those of the seRgs

Sixth, the estimated ARCH coefficientd are highly significant in both directions, which

indicates that the variance of the errors termhas a time-varying nature. Moreover, the estimated
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values for o are high, which suggests that in both directiores hriance of the marginal profit to
spatial arbitrage obtained in regimes | & Il iseditly affected by the preceding shocks. Consistent
with the large empirical literature dedicated te ttynamics of natural gas markets, these high salue
suggest the presence of a “volatility clusteringépomenon.

Seventh, the null hypothesis of a static modet (bi=0=¢=0) is firmly rejected by the data.

This finding clearly justifies the need to use aayic specification to correct for the presencbath
autocorrelation and time-varying heteroscedasticity

Lastly, note that the use of a unique variancerpater for the half-normal distributions of the

two non-negative error termg, related to regimes Uil and IV andy, related to regimes V and
Vlis firmly rejected by the data.
4.5 Model validation

The specification above is based upon arbitraryridigional assumptions of normal and half-
normal errors and these distributional choices afesourse, questionable. According to the Monte
Carlo experiments reported by Barrett and Li (20@2)iations from the half-normal distribution for

the positive errorg, andu, are not problematic. In contrast, the use of nbasaumption for both

jit

regimes | and Il deserves some investigations tibywhe validity of the PBM approach.

So far, little attention has been paid to theséfigations in the PBM literature. To explore this
guestion, we propose using the obtained estimatgsrierate, for each trade direction, two timeeseri

of binary indicator variablesi?ljn and aljln indicating whether or not regime |, respectivelyis the
regime with the highest probability at time The construction of these semiparametric estisnate
time-varying regime probabilities follows thosealktd in Barrett and Li (2002):

If A, =0 thendy =0 and

allllt =1 if A fy (’71“ |,7ji(1—1)'62) > max(/1v fie” (’Zn |,7ji(t71) *02) A 5 (’Zt |,71i(t—1) ,92))
=0 otherwise
If A, =1thend; =0 and
A =1 0 A6 (7 |708) > ma{ (A +4 ) 1" (R [ 8) 2 1 (R 1714 £2))

=0 otherwise

Assuming that the regime with the highest probghbi$i the one that generated each observation,

we can gather all the observations in the samptegdhat verify aljn +a;:t =1 and examine the

distributional properties of the standardized resigeriese; = &t / hy -
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Table 5. Descriptive statistics for the standardize residual series (sampleﬁ',-n + a;:t =1)

From UK to Belgium From Belgium to UK
Mean 0.086 -0.092
Median 0.079 -0.143
Maximum 2.973 3.713
Minimum -3.122 -3.124
Std. Dev. 1.006 1.021
Skewness -0.017 0.230
Kurtosis 3.556 3.981
Observations 650 677

Table 5 reports the descriptive statistics for #tendardized residual series. These figures
indicate the presence of both mild asymmetry andoleurtosis. To gain further insights on the
magnitude of these departures from normality, Fegurllustrates the quantile-quantile (Q-Q) plots o
the standardized residual (i.e., the empirical ¢lemnversus the quantiles of a standard normal
distribution). Each of these two Q-Q plots indicat relatively good fit between the empirical
quantiles and the theoretical one, except for st¢veutliers. According to the Monte Carlo
experiments reported in Barrett and Li (2002), nmatke departures from normality caused by both
mild asymmetry and leptokurtosis are not really bfgmatic. Thus we proceed, assuming the
relevance of the normal distributional assumption.

Figure 2. Q-Q plots of the standardized residual s&es (sample: aljit + a;'n =1)

From UK to Belgium From Belgium to UK

Theoretical Quantiles of Normal
Theoretical Quantiles of Normal

Empirical Quantiles Empirical Quantiles

5. Concluding remarks

The question of how to detect market power in thatial arbitrages observed in a restructured
natural gas industry is one of the key challenfas tregulators and competition authorities acrbes t
world have to address. The objective of this papéo offer an empirical methodology which is able
to test for the presence of perfect competitiorthiese spatial arbitrages. Our approach explicitly
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builds upon the literature dedicated to naturalrgaskets integration and extends it by focusinghen
relationship between the observed spatial priderdihce and the intermarket trade flows.

A case study focusing on the IUK pipeline during teriod 2003-2006 provided us with an
opportunity to obtain a series of original findingehe estimated probability of spatial market
equilibrium conditions holding is very high, sugtieg high degrees of wholesale natural gas market
integration, consistent with previous research WK brice co-movements (Neumann et al., 2006).
But, the empirical evidence also suggests the poesef imperfect competition in the observed spatia
arbitrages, consistent with the price-data resunltRupérez-Micola and Bunn (2007). Although our
discussion is centered on this specific infrastmggtit should be clear these results imply thameso
care is needed when interpreting the high degrem-ehovements which is typically documented in
the empirical studies conducted on European spaigket price data. Though these co-movements
can be interpreted as objective signs of markegnaition, they do not necessarily reveal the extgte
of a perfectly competitive internal market.

Experience indicates that the institutional arrangets implemented in the UK have played a
large part in shaping the EU’s restructuration pesc Future research will thus examine whether or
not market equilibrium conditions hold in less mateontinental markets. Such research could be
useful for informing the current EU regulatory dedsarelated to the functioning of the internal negrk
for natural gas.
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