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Policy measures targeting a more integrated gas
market: Impact of a merger of two trading zones on

prices and arbitrage activity in France

Ekaterina DUKHANINA 2* Olivier MASSOL P¢d Francois LEVEQUE 2

Abstract

Under way to a European integrated energy marldicymakers need to find efficient
measures aimed at increasing liquidity in localuredtgas markets. The paper answers the
guestion whether a merger of gas trading zonesribatgs to the development of liquid
trading activities through a more efficient alldoat and pricing of natural gas and an
increased competition between market players. Vééysa the effects of a policy decision to
merge two gas trading zones in France on the obdategree of spatial market integration
and the efficiency of the spatial arbitrage acyioetween the northern and southern French
gas markets. An extended parity bounds model goafa positive impact of the zone merger
on the market's spatial equilibrium and indicatds®e tcauses of remaining market
inefficiencies. The model offers a tool for theessment of the efficiency of policy decisions
in the context of policy initiatives to create amegrated and liquid natural gas market in

Europe.
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1. Introduction

In Europe, fostering the integration of the intemaarket is a major public policy objective that
underlies the institutional reforms that completedgtructured the natural gas sector. An important
element of these reforms has been the definitio®fzonal balancing mechanisms retained for gas
pipeline systems. That, together with the adoptibthe entry-exit pipeline tariff system, prompted
the emergence of a collection of regional spot e@rkor natural gas (Miriello and Polo, 2015). By
design, these so-called “gas hubs” are aimed anhgifying the competition among gas market
participants and at generating an efficient alleraand pricing of natural gas within each entrjt-ex
zone (ACER and CEER, 2017). As the hubs are interected throughout the pipeline system, they
also enable spatial arbitrage between them. Thelalewment of liquid trading activities both at each
hub and between these hubs is thus key to supgdtta desired integration of the EU internal gas

market.

However, the degree of trading maturity attainedsame of these spot markets remains
desperately low (Heather and Petrovich, 2017) antcetare doubts about whether the observed lack
of liquidity can be corrected without structuralarns (ACER and CEER, 2015). To circumvent this
problem, European regulators are currently favautire merger of adjacent illiquid trading zones to
create a broader, and possibly transnational, megimarket area (CEER, 2011; ACER and CEER
2015). It is expected that the price formed in taeger market will reflect the processed inforroati
of a larger number of market participants and willturn, encourage the development of competitive
spatial arbitrage activities with other adjacerbhurhe fundamental public policy question examined
in this paper is therefore: “Is the regulator’s jeature about the positive effects of zone mergers

spatial integration valid or not?”

To investigate this question, we consider the adsthe trading zone merger implemented in
2015 between France’s two southern gas marketexmdine how that merger affected the trade of

natural gas between the northern and the souttzets @f the country.



After a preliminary analysis of the time seriespauies of the northern and southern spot gas
prices, we apply a new empirical methodology ineori assess the impact of the policy decision to
merge trading zones on the spatial arbitrage &gtpdrformed between the northern and southern gas
markets in France and to evaluate the degree okanhamtegration. This methodology, which is
consistent with the theory of spatial equilibriuBnke, 1951; Samuelson, 1952; Takayama and Judge,
1964, 1971), suggests that the market integratiombe time-varying: we can observe (i) perfectly
integrated equilibrium periods, meaning the spatrade spread corresponds to the transaction costs,
so that there is no profitable arbitrage opportesibecause the arbitrage rent is zero; (ii) inguzhyf
integrated equilibrium or barriers to trade, whiee price spread is higher than the transactiorscost
which indicates unexploited arbitrage opportunitie® to a positive arbitrage rent; and (iii) auyark
periods, during which the transaction costs exabedspatial price difference, forming a negative
arbitrage rent. In the latter case no trading fl@lweuld be observed in equilibrium. The goal of the
analysis is to estimate the probabilities of obisgna particular market state before and after the

policy implementation.

For that purpose, we follow Massol and Banal-Edt§8018) and propose an adapted Parity
Bounds Model (PBM) aimed at estimating the trarnieactosts with the help of non-price data (i.e.
transportation tariffs, volumes and capacity daf#é. extend their model so as to be able to askess t
efficiency of the policy measure, following Negassal Myers (2007). The specification developed
in our paper allows us to figure out how the masgtial equilibrium changes after the zone merger

and conclude about the degree of market integratdore and after the policy measure.

Besides the assessment of the policy efficiencythia paper we address several questions.
Firstly, we evaluate how well the French northend aouthern spot gas markets are linked to each
other, which has not been done in the academmatitee. Moreover, while testing for market spatial
efficiency, the methodology enables us to detedbgs of inefficiency in the market and indicates i

causes. In addition, we estimate the intermarletstiction costs, determine the unobservable part of



arbitrage costs and test the hypothesis of the etitiye nature of the arbitrage activity betweeesth

two markets.

To sum up, this work contributes to the literataremarket integration in several ways. First, it
assesses the efficiency of the policy decision ¢oga two French southern trading zones, which has
not been evaluated yet. Second, we apply a theasgebmethodology and specify additional regimes
of equilibrium, compared to the classical modelcdpEation (Sexton et al., 1991). Third, we include
in our analysis non-price variables such as tramapon tariffs, volumes and capacity constraints.
There has been limited use of such variables ivigue research. Fourth, we test the model for the

competitive nature of arbitrage activity.

The paper is organised as follows. In section 2pviefly review the empirical challenges faced
when assessing the degree of market integration prodide a condensed presentation of the
intellectual connection between the theory of gpagquilibrium and the specification of a PBM
model. The third section presents our methodolggglied to the North-South arbitrage activity.
Section 4 provides an overview of the institutiooedanisation of the natural gas markets in France
and then describes the data and some preliminadysas. Section 5 presents our empirical results.

The last section concludes.

2. Market integration: Definition and assessment

The section first provides a condensed review ef ¢thallenges faced when attempting to
empirically assess the degree of spatial integndiigtween two natural gas markets. It then presents

the theoretical background of our empirical analysi
2.1. Empirical challenges

An early definition of an integrated market is givey Cournot (1838) who points out that prices

should be equal within the market. Marshall (188&ends the notion by allowing the local price at



two distinct locations to differ, provided the dphprice spread equals the intermarket transportat

costs. This is the so-called “law of one price”.

In a recent survey of the empirical methodolobieesamining the degree of spatial integration
among a collection of natural gas markets, Dukraaind Massol (2018) discuss the challenges that
emerge when attempting to operationalise this saglnsimple theoretical definition. For example,
they note that information about the various congoi® that constitute the arbitrage costs incurged b
market participants is seldom available to modsll@nother problem is related to the fact that, in
some cases, trade can be hampered by the preskecoagested infrastructures. Indeed, pipeline
capacity constraints can limit intermarket tradd #tus moderate the level of market integration for
some observations. As transported flows exhibistartial variations across time, congestion is also
likely to be time-varying, which calls for adaptethpirical representations. Finally, they note that,
with few exceptions (e.g. Cuddington and Wang, 2008tbst of the existing contributions apply time

series specifications that are only loosely coretetd the microeconomics of spatial arbitrage.
2.2. The theory of spatial equilibrium

To clarify the microeconomics, one can refer to tiheory of spatial market equilibrium first
developed by Enke (1951), Samuelson (1952) andyBaka and Judge (1964, 1971). That theory
indicates that the relations between local equilior prices can be deduced from the first-order
condition for the optimality of a perfectly compete arbitrager’s profit-maximisation problem. If

one examines the direction-specific arbitrage tzat be performed from markgt to marketi at

time t and let and respectively denote the intermarket marginal tmatisn costs and the

! The list includes: (i) the early correlation assesnt of Doane and Spulber (1994); (i) the apfibceof either
cointegration techniques (e.g. De Vany and Wal®931 Walls, 1994; Serletis, 1997, Asche et al.,12@D02;
2013; Siliverstovs et al., 2005) or Granger catygdbst in Vector Error Correction Models (e.g. Niand
Thoenes, 2014; Bachmeier and Griffin, 2006; Parklgt2008; Brown and Yicel, 2008; 2009; Olsenlet a
2015; Growitsch et al., 2015); (iii) the applicatiof the Kalman filter (King and Cuc, 1996; Neumaeiral.,
2006; Neumann, 2009; Renou-Maissant, 2012; NeunaaanCullmann, 2012, Mu and Ye, 2018); (iv) price
convergence estimations (Li et al., 2014, Mu and 2@18) or (v) an auto-regressive modelling of phnee
differentials (Cuddington and Wang, 2006).



intermarket flow then the equilibrium prices and must verify the following

complementarity condition:

, and )

This condition indicates that if the spatial prafgead is less than the transaction costs, the two
markets are spatially segmented, i.e. there iganetflow between these markets ( ) and the
arbitrage rent is negative . The markets are linked by spatial arbitrage (i.e.

) when the arbitrage condition is binding, whicldigates that the price spread equals the
intermarket transaction costs, which correspondseto arbitrage rent. Indeed, if the price spread
exceeds the transaction costs it creates arbiwpgertunities which are immediately exploited by

traders. Thus, the arbitrage activity narrows theepspread, bringing the arbitrage rent to zero.

In agricultural economics, the empirical works @xn et al. (1991) and Barrett and Li (2002)
develop the Parity Bounds Model (PBM), a switchiagression specification that is consistent with
the theory of spatial equilibrium. For example, t®exet al. (1991) consider a typology of three
possible trade regimes. The “efficient arbitragegime is such that the observed spatial price dprea
equals the intermarket transaction costs. The #rato trade” regime reveals the presence of
unexploited profitable arbitrage opportunities hesza the spatial price spread is larger than the
transaction costs. Lastly, the “relative glut” magi is such that the price formed at the destination

market is depressed below the sum of the prideeaptigin market and the transaction costs.

Massol and Banal-Estafiol (2018) show how that niiogelframework can be adapted to
investigate the integration of natural gas markétey underline that there is a need to account for
the specific role of pipeline capacity constraims, observing a “barrier to trade” does not have the
same implications depending on whether the interection infrastructure is congested or not. In the
former case, the theory of spatial equilibrium gipes that pipeline congestion can result in the
observation of large spatial price spreads. Inresitif the infrastructure is not congested, olisgr

the presence of both unexploited profitable argarapportunities and spare pipeline capacity is not



consistent with that theory. They thus proposehfurdecomposing the “barrier to trade” regime by

dividing it in two, depending on whether the infrasture capacity constraint is binding or not.

However, in their model the probabilities of obsegva particular regime of trade are supposed
to be time-invariant. With the development of natgas markets, supported by regulatory reforms, it
is possible to see these probabilities evolvingnwine. Negassa and Myers (2007) allow for dynamic
shifts in regime probabilities. Their specificatienables evaluation of effects of policy measures a

allows estimation of the length of the adjustmesriqu.

In our paper we extend the model of Massol and Bastafiol (2018) by introducing policy
dummy variables, following Negassa and Myers (200vprder to analyse the change in the degree
of the market integration before and after the medj trading zones in France, which enables us to

ascertain the efficiency of the policy.

Summing up, in this paper we build a parity bounasiel with four regimes. We estimate the
arbitrage costs with the help of traded volumes tasasmission tariffs data, allowing the transactio
costs to vary over time. We introduce policy valeatin order to shed light on the effects of theezo
merger. To the best of our knowledge we are tts for upgrade a parity bounds model with policy
dummies, applying it to the natural gas marketsaddition, we test the assumption of a competitive

arbitrage for the North-South trading activity.

3. Methodology

In this section, we present the methodology usealimempirical investigations. We first define
an adapted typology of four distinct trade regiraed explain how the probability of observing each
of them can be estimated using a switching regrasamework. We then show how this parity

bounds model can be extended to allow shifts iretttienated coefficients following the zone merger.

We let denote the unit intermarket transaction costsiriietd when performing a spatial

arbitrage aimed at transporting natural gas frorrketg to market at timet. These unit costs include
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both observable (e.g. the tariffs charged by th® T& the intermarket pipeline infrastructure) and
non-observable components. Following Sexton gt1891), we posit that these transaction costs can

be modelled as follows:

, 2)
where is the observable tariff charged for the pipelingerconnection, and are
unknown coefficients to be estimated, is a vector of exogenous variables ands a random error
that accounts for all non-observable shocks. Thar & assumed to be i.i.d. normally distributedhwi
a zero mean and a standard deviationHence, the unobservable portion of the unit tatisn costs

is:

Let and be the wholesale market price for natural gas and denote the
price spread between the two markets. We now nibdetelations between the price spread and the
unit transaction costs using a switching regressiodel that considers the following typology of fou

mutually exclusive trade regimes.

In Regime |, the price spread is said to be “atphdty bounds”. The expected value of the

spatial arbitrage condition binds and the sprearlsdghe unit transaction costs:

®3)

By construction, Regime | is consistent with thendidons for the profit maximisation of a

spatial arbitrageur.

In Regime I, the spatial price difference is belth& unit transaction cost and hence “inside the

parity bounds”:

: (4)

where is an error term drawn from a zero-centered nodrsdfibution truncated below at 0 with a

standard deviation . By construction, measures a deviation from arbitrage equilibriuml a



indicates the amount to which the prices fall stafrthe parity bounds. In this regime, there is no
profitable arbitrage and the markets are not itegt. The regime is efficient if there is no trade

this is the autarky situation — and inefficienpdsitive trade flows are observed from maiieti.

Sexton et al. (1991) and Negassa and Myers (208@)cansider a third regime to model the
case of a spatial price spread which is “outside ghrity bounds” (i.e. above the unit transaction
costs). In a recent application to interconnectatnal gas markets, Massol and Banal-Estafiol (2018)
underline that this regime should be further decosed according to another characterising element:
the possible presence of bottlenecks along thastrircture connecting the two markets. They show
that observing a spatial price differential abdwve tinit transaction costs is consistent with ttogclof
spatial equilibrium theory if the pipeline capactgnstraint is binding. In contrast, if there isusp
capacity in that infrastructure, observing a spgtiece spread “outside the parity bounds” implies
existence of unexploited arbitrage rents that aamlie to a lack of information, barriers to entry o
market power. We hereafter retain that distincaod introduce a dedicated dummy variablethat

takes the value 1 whenever pipeline congestiobserwed and 0 elsewhere.

In Regime lll, the price spread is above the uaih$action costs and hence “outside the parity

bounds” and there is spare capacity in the pipétifrastructure (i.e. ' =0):

: (5)

where the error term measures by how much the price difference excwdanit transaction costs

and thus the effects of the barriers to tradeahanot generated by infrastructure bottlenécks.

In Regime IV, the price spread is also above thé& transaction costs but the pipeline

infrastructure is congested (i.e'=1):

2 We follow Sexton et al. (1991) and Negassa andrMy2007) and assume that the error terms in regiine
and lll have the same distribution. In the applaatdiscussed below, we relax that assumption kowal
possibly different standard deviation coefficiefds these two regimes and conduct a likelihoodor#tist for
the null hypothesis of an identical parameter vdtuethe two regimes. As that hypothesis was njgcted at
the 10% significance level, we decided to mainthim assumption of the same distribution for eresnis in
regimes Il and IlI.



" 6) (

where the error terfi is a positively valued shock drawn from a zerotemd normal distribution
truncated below at 0 with standard deviatign By construction; measures the congestion charge,
that is, the price of capacity (in excess of th& tnansaction cost), which is positive when the

demand for pipeline transportation services exceeaggply (i.e. the infrastructure capacity offered t

shippers).

For notational simplicity, we let$ % denote the marginal
profit from spatial arbitrage at time, & '& () &) &) & + denote the vector of the probabilities of
observing the four regimes and' ) )) ) ) xt+ denote the other parameter vector to be

estimated. As regime probabilities sum to one, weell. - & ( & ( & (-
The joint density function fo over all trading regimes is the mixture distrilouti
'$ &)t & (S & ('S - (S
V- & (& &O¢'$ .+ (7)

where the distribution functions for the observasiare as follows:  is the density function of a
normal random variable ang, ( and  are the density functions for the sum of a symimetr
normal random variable and a truncated normal nandariable. The latter distribution was first

derived by Weinstein (1964) and is also detaile8enton et al. (1991).
The likelihood function for a sample df observations is:
2&),+ 3%/ '$.8),4Q (8)

The model parameters — namely the transaction pastsneters, the standard deviations and the
regime probabilities — can be estimated by maxmigihe logarithm of this likelihood function
subject to the constraints that the regime proliegsillie in the unit interval and that the stambtar
deviation parameters are positive.

10



In that PBM, regime probabilities and distributibnqarameters are posited to remain time-
invariant during the full estimation period. Howeveve follow the methodology first introduced by
Park et al. (2002) and Negassa and Myers (200&ytiicultural economics and relax that assumption
by allowing possible dynamic shifts in these caidints in response to an exogenous regulatory
intervention. Concretely, we let denote the date on which the full effects of tlesvregulatory
policy are realised and define the dummy variablé that takes a value of O for all observations
8 and 1 otherwise. We use it to allow possible shiftboth the vector of regime probabilities and

the distribution parameters:

& ' 74897 87 )

' 74 97 [ (20)

' 74 97 7T (11)

o - Teg T (12)

where the superscripts and respectively denote the coefficients for the periefore and

after the policy implementation. The specificatmfithe extended PBM is then obtained by inserting
these time-varying parameters in (8). The extendedel can then be estimated by maximising that
enriched log-likelihood function subject to the straints that all regime probabilities lie in theitu

interval and that the standard deviation parameterpositive.

The original PBM is a restricted version of the @peation used for the extended PBM.
Therefore, likelihood ratio (LR) tests make it pbtesto test for the absence of structural chamge i

the regime probabilities and/or the distributiomgraeters.

One can wonder whether the arbitragers’ responsigetpolicy change is immediate since there
can be a delay between the official implementatiate of that new policy and its effect. In the
application discussed below, we successively allotw be any date from the first day of the policy

change (which corresponds to an instantaneoustagjug to the first day of the next month under
11



that new policy (which gives a one-month adjustmastiod). We estimate and compare these 31

models and select the date that provides the hidgpdikelihood.

Lastly, it should be noted that these specificaida not account for the possible effects of serial
correlation. As un-modelled serial correlation casult in inefficient estimates, we supplement them
with a correction for the presence of first-orderi@ correlation in the error term. For concisiareg

detail that correction in Appendix A.

4. Application

The extended PBM is applied to the French natwaalrgarket to examine the effects of the zone
merger implemented in 2015. We begin with a conelérm/erview of the organisation of the French

natural gas markets and then present the dateoamel greliminary analyses.
4.1. Background: The French gas market

The two European gas directives (see directivesB/B8and 2003/55) prompted France to
implement a series of reforms aimed at graduabigrhlising the domestic gas sector. The most
important ingredients of this restructuring inclutiee establishment of an independent regulater, th
Commission de Régulation de I'Energie (CRE); a atisation of the incumbent operator; the
unbundling of its previously vertically integratedtivities; the implementation of transparent and
non-discriminatory third-party access to infrastames; and a series of regulatory measures favgurin
the emergence of competitive wholesale and retaikats for natural gas. As a result, the pipeline
transportation system is now operated by two regdlaransmission System Operators (TSOSs),
namely Gestionnaire de Réseau de Transport Gaz @aRT that operates the country’s largest

system, and Terédag regional operator that controls the southwegigreline system.

3 It was formerly named Transport et InfrastructuBez France (TIGF).
12



In 2005, the CRE compelled the TSOs to implemergrany-exit tariff system which imposes a
contractual division of the territory into five laaicing zone's(see Figure 1). As the capacity of the
pipeline systems connecting the northern, westetheastern zones was deemed to be large enough,
the regulator imposed a first zone merger in 200fkse three zones were regrouped into a single
northern zone for which a unique balancing markehed Point d’Echange de Gaz (PEG) Nord was
created. Liquid trading rapidly emerged at PEG Natttht zone accounts for about two-thirds of the
country’s consumption and has a favourable (i.e-qumpetitive) endowment in infrastructures, as
the zone is connected to the trunkline systems Igimgpgas produced in Norway, Benelux and

Russia and also has two large import terminaléidoefied natural gas (LNG).

Figure 1. The geographic delineation of the gas bahcing zones in France (Source: CRE)

1 January 2005 | 1 January 2009 |

The situation prevailing in the two southern masketnamely PEG Sud in the southern zone
operated by GRT Gaz and TIGF in the southwest — madgally different and represented an

important source of regulatory concern. During years 2009-2014, market participants recurrently

* For concision, we refer to David and Perceboi®43dor a comprehensive discussion on the entriygeiding
mechanisms and simply highlight here that an itenection charge is applied whenever shippers déraan
transport service that involves crossing the zavedrs.
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deplored both the high prices (compared with thesaat PEG Nord) and the low degree of liquidity
at the two southern markets. Pipeline congestios fwraquently observed in the infrastructures
connecting the two zones with northern Frartbereby limiting the inflow of gas from north-west
Europe. Furthermore, these two southern markets baker little (Spain) or no (Switzerland, Italy)
pipeline connection to adjacent countries and aag import LNG using a regasification terminal

located in Fos-sur-Mer near Marseille.

In 2014, that situation convinced the regulatoatithorise GRTGaz to invest in a new pipeline
system aimed at better connecting its northernsathern infrastructures. As the completion of the
new infrastructure was not expected before 2018,GRE also considered an institutional fix that
could deliver some short-term but tangible benefitssouthern consumers: a merger of the two
southern zones PEG South and TIGF. The merger mectwn 1 April 2015. Thereafter, southern
France had only one wholesale market for naturat ¢f&e newly created Trading Region South
(TRS). That situation prevailed until November 20When the pipeline expansion project
commissioned in 2015 was finally completed andtthe remaining markets, PEG Nord and TRS,

merged to form a single hub, named Trading Regrande.

In the present paper, we conduct ax post analysis of the situation that prevailed durihg t
years 2011-2017 and empirically examine the effeftshe 2015 southern zone merger on the

observed level of spatial integration between thantry’s northern and southern markets.
4.2. Data

We focus on the day-ahead prices for natural game€d in France’s northern and southern
wholesale markets: namely PEG Nord and PEG Sudltter market is named TRS after the zone
merger implemented on 1 April 2015). We use theardiy price series reported by Powernext. The
prices are denominated in euros per MWh. The pdifferential (also indifferently named price

spread hereafter) is calculated as the price ilstheéh minus that in the North.

® http://af.reuters.com/article/commoditiesNews/id SNOVY4XD20150224
14



We consider the period covering 1 July 2011 to @®J2017. Although the prices are available
for earlier periods, market design consideratiomgase the use of that starting date as it correlsgpon
to the implementation of the so-called “market dmgpmechanism” — the congestion management
procedures governing the allocation of interconinactapacities to network users for the North-
South pipeline infrastructure. Prior to that ddkes market rules, the definition of the transpaotat
rights and, as a consequence the economics ofptitlsarbitrage performed between these two

markets, were noticeably different.

Regarding trade flow data, we use the daily comiakret flows on the North-South link
reported by GRTGaz. The data is measured in TWtdddy by convention, a positive value indicates
that the gas is transported from the North to tbetl® During our sample period, that flow direction
is clearly dominant as only two observations hasgative flow figures. These two observations were

dropped in the sequel.

The transmission tariff charged for the North-Sdiirtk is set by the French regulatory agency.
During our sample period it was revised twice, fréin04 to €0.87 per MWh in the beginning and to

€0.58 per MWh at the end of 2013.

Our whole sample period has a total of 2,188 oladEmvs and can be partitioned into two
subperiods that respectively gather all the obsena before (1,366 observations) and after (822

observations) the zone merger implemented on 1l 2pti5.

For each observation, we also consider the daftasiructure capacity for the North-South link
— i.e. the maximum quantity of natural gas that loartransported during that day — communicated by
GRTGaz to traders. We use it to evaluate the latal(i.e. the ratio of the commercial net flowshe
transportation capacity available that day). In skquel, that ratio is used to determine the dummy
congestion variable' that takes the value one whenever the load régelBD% — which is the case
for 519 observations — and zero elsewhere. The malme of the load rate is 90% over the whole

sample period.

15



Figure 2 provides plots of the two price seriedevels. A visual inspection of the price plots
suggests that the prices in the two market areaie shcommon pattern and that both series do not
exhibit a mean reverting behaviour. This point w# investigated more formally in the sequel. That
said, the prices in the South are higher than tr¢harn ones and they also exhibit a series of
transitory peaks with greater amplitude. Thesealisemarks suggest that gas markets in the North

and South were not perfectly aligned, at leastrdutiie years 2012—-2014.

Figure 2. North and South gas prices, EUR/MWh (Souwre: Powernext)

50

e
|
| |
2

EUR/MWh

|
W JJ‘MM[ 4
’\*',‘ Al ]
|

15 +
= North South

(f )
=
=

Jul-11
Jul-14 +

Oct-11 +
Jan-12 +
Apr-12 +
Jul-12 +
Oct-12 +
Jan-13 +
Apr-13 +
Jul-13 +
Oct-13
Jan-14 +
Apr-14 +
Oct-14 +
Jan-15 +
Apr-15 +
Jul-15 +
Oct-15
Jan-16 +
Apr-16 + &£
Jul-16 -
Oct-16
Jan-17 +

The plot of the South-North price spread is giverFigure 3. We note the presence of peaks
during the heating season but not every year. Haree can wonder whether seasonality is a driving
factor as the two markets are located in the samatry and thus share similar seasonal patterres. Th
seasonal components of the two individual pricéeseare thus likely to cancel out when considering
the price spread series. Higher spreads are oliséefore 2015 and persist during the winter of

2013/2014. The short spike in January 2017 is duesufficient LNG supply in the South of France

coupled with congestion along the North-South link.
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Figure 3. South/North spread (EUR/MWHh), tariffs (EUR/MWh) and volumes (TWh, RHS). Source:

Powernext, GRTgaz.
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Table 1 summarises the descriptive statistics torseries. The mean, median, maximum and
minimum statistics confirm that the southern prica® higher than the northern ones. The
distributional properties of the North and Soutic@rseries also differ as the southern price series
exhibits larger standard deviation and kurtosisrég. For the sequel, one can keep in mind that the

average spread is around €2.0 per MWh over theandahple period.

Table 1. Descriptive statistics of the series. SdutNorth/spread/tariffs in EUR/MWh, volumes in

TWh.

North | Soutn | Spread | TS | volumes
Mean 21.39 23.26 1.88 0.74 0.31
Median 21.84 23.14 0.78 0.58 0.32
Maximum 45.40 45.70 21.65 1.04 0.44
Minimum 10.56 11.37 -0.98 0.58 0.00
Standard Deviation 4.96 6.03 2.69 0.20 0.07
Skewness -0.06 0.32 2.84 0.54 -1.20
Kurtosis 2.85 3.12 14.62 1.49 4.64
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To graphically examine the relation between theepled price differential and infrastructure
use, Figure 4 provides scatter plots of the prmead and the load rate before and after the zone
merger. There is a stark visual difference betwentwo plots. Before the zone merger, numerous
observations exhibit both the presence of sparelipgp capacity and a high price spread (i.e. higher
than the sample average). The fact that thereasggns of congestion for these observations slyong
guestions the efficiency of the spatial arbitragefgrmed between the two markets. In contrastr afte
the zone merger, we notice that the price sprebsisreed in case of spare capacity are comparatively
lower. One can also note that the load rates obdeafter the zone merger are higher, which can be
interpreted as signs of an increased infrastruaiges Overall, these graphical observations call fo
further analyses aimed at exploring whether themtade of the spreads observed in the case of

spare infrastructure capacity is commensurate théghntermarket transaction costs or not.

Figure 4. Scatter plots of the load rate (X axis)rd the price spread (Y axis)

before and after the zone merger.

4.3. Preliminary analyses

a — Unit root tests

As a preliminary step in our econometric analysis,check the data-generating properties of the
series under investigation. Identifying a time sgras stationary means that the shocks have no
permanent effects as the series reverts to its miena shock. In contrast, a series is intedréti
has a unit root (i.e. a stochastic trend) whichidas that shocks have permanent effects. An

18



integrated time series does not revert to its hoels level. The application of standard regression

techniques to an integrated time series is knovgetwerate misleading results.

To formally investigate these properties, we comdiar different unit root/stationarity tests. We
first test for the presence of stationarity using KPSS test of Kwiatkowski et al. (1992). Afteatth
we evaluate two unit root test statistics, nameBahMind MZt proposed in Ng and Perron (2001), to
examine whether the null hypothesis of a unit aot be rejected in favour of the alternative dfiesit
mean stationarity or trend stationarity. Lastly, itags often argued that unit root tests have a low
power to reject the unit root null in the preseo€estructural breaks, we also consider the LLS unit

root test with a structural break proposed by Lahgigkepohl and Saikkonen (2002).

The test results are presented in Table 2. Withdbesize of 5%, both the KPSS and the unit
root tests indicate that the two local price sec&s be described as non-stationary processes aghere
the price spread is stationary (i.e. 1(0)). Thisute suggests that there is an equilibrium (i.e.
stationary) spread between these two prices wiiddlowing Cuddington and Wang (2006), can be

interpreted as a positive sign for market integratietween these two hubs.

Table 2. Unit root tests.

Test statistics | North South Spread
KPsSs® 0.54%%7(35) 0.56“%7(35) 0.28% (34)
Mza ™ -10.87°%T(12) -16.14%4T (7) -34.22° (7)
Mzt ™ -2.32%7(12) -2.82%T(7) -4.14% (7)
LLs ™ -1.38%(12) -2.86° (28) -3.42°(7)
[break: 04/07/2013] | [break: 04/02/2013] [break: 12/29/2013]

Note: Number in bold indicates rejection of thel iylpothesis at the 5% significance leveand" indicate the inclusion
of a constant and a trend, respectively. We follbesgeneral-to-specific approach that consistsrsf ihcluding a trend
and a constant and successively dropping them wherlee estimated coefficients are not statistjcsigjnificant at the
5% level.”’ KPSS is the Kwiatkowski—Phillips—Schmidt—Shin istixt for testing the null hypothesis that the sgrare
1(0). The number in parenthesis denotes the lagmube Newey—West bandwidth. The 5% crit. values@146 (with
trend) and 0.463 (with constant}.MZa and MZt are the modified versions of the Rg#-Perron unit root test in Ng and
Perron (2001) with a lag length (in parenthesisggiby the modified AIC. The 5% crit. values foe thlZa (respectively,
MZt) test stat. are: with trend -17.3 (resp. -2,94ith constant -8.1 (resp. -1.98Y. LLS is the GLS-detrended modified
ADF test for the null of a unit root proposed bynhe, Lutkepohl and Saikkonen (2002). The numbgairenthesis is the
optimal lag suggested by the Akaike Informationt€ion. The test allows for a structural breakhe form of a shift

dummy at an unknown date (in brackets). The 5%\waitie is -2.88.
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The LLS test indicates the presence of a structuedk in April 2013 for the two price series
and in December 2013 for the price spread. Thedoimeak points to a colder-than-anticipated spell
of weather observed in North-West Europe durindfitisé weeks of April 2013. Regarding the latter
break for the price spread series, it correspoadsé very large peak observed in the South when
power generation deficiencies required a largenuaticipated use of the southern gas-fired thermal

generators (see Figure 5).

b — Granger causality

To gain insights on the interactions between tlaallgrice series, we thus perform pairwise
Granger causality tests using a bivariate VectotoMRegression (VAR) model for the first-

differenced price series.

Table 3. Pairwise Granger causality tests for therst-differenced price series.

] Before the zone After the zone
Null hypothesis Full sample
merger merger
Southern price variations do not Granger 1.755 1.347 2.086 *
cause Northern ones (0.105) (0.233) (0.052)
Northern price variations do not Grangey  2.894 *** 3.143 *** 2.146 **
cause Southern ones (0.008) (0.005) (0.046)

Note: This table reports the F-statistics for thil hypothesis of no Granger causality among thet-flifference price
series. The tests are conducted for the whole gapgylod and for the two subperiods delineatechbydate at which the
zone merger became effective (1 April 2015). Nummberparentheses apevalues. Asterisks indicate rejection at 0.1%,
0.05** and 0.01*** |evels, respectively. The lagntgth for the variables in the VAR model is six. 8 the smallest lag
length such that the residuals do not exhibit s@nm-modelled serial correlation.

The results are presented in Table 3. The tedstitatobtained for the whole sample period
indicate that northern price movements play a figant role in explaining variations in the soutmer
price, but not vice versa. This conclusion is cstesit with both the relative sizes of the two megke
and the presence of interconnection capabilitiemeoting northern France with other North-West
European markets, while the southern French mdr&etlimited interconnections. To gain insights
into whether the zone merger has impacted theseattions, we also report the results obtained for

the two subperiods that respectively include a#l tioservations before and after the zone merger.
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Before the merger, the higb-value of the test statistics indicates that presisouthern price

variations have little effect on the current northprice changes. In contrast, after the zone mngrge
thep-value is then very close to the usual 5% signiftealevel, indicating that this null hypothesis is
only mildly rejected. This finding suggests thatotwnarkets become more closely connected

following the policy decision to merge the southeading zones.

5. Empirical results

The extended parity bounds model described in@se&iis applied to the French gas markets to
examine the implications of the 2015 zone mergerthis paper the unobservable portion of the
intermarket transaction costs is estimated usingstemt and the daily volumes of natural gas

transported from the North to the South (in TWh).

The estimation procedure involves the constrainedimisation of the log-likelihood function
(8). That non-linear optimisation problem is solvadmerically using a hill-climbing solution

algorithm?®

As discussed in section 3, we first successivelyes81 instances of the optimisation problem
defining our extended PBM specification — one facle possible date between 1 April and 1 May
2015 — to determine the optimal dateWe find that the model with the highest Log-Likelod (LL)
value is obtained with =2 April 2015 (LL=-3,536.61). This result suggeatvery short delay of one
day between the implementation of the policy asdfull effects. Market participants thus quickly
adjusted their behaviour to the new trading coadgi created by the policy measure. We then
perform a likelihood ratio (LR) test for the joittypothesis of no change in both the regime
probabilities and the distribution parameters (isatt,: &’ &7, 9 7 9 7 and

27 i). The chi-square test statistic and the associptealue are reported in Table 4. We

® Estimations were performed using STATA and arattee hill-climbing procedure that performs 3 itévas
of the Newton-Raphson (NR) method, then switchakadDavidson-Fletcher-Powell (DFP) one for thetriigk
iterations, then switches back to NR for 3 itenasicand so forth.
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observe that these restrictions are firmly rejechyd the data which reveals that the merger
substantially affected the spatial arbitrage betwde northern and southern markets. Hereafter, we

consider the extended PBM with the shift date 2il/f15 as our preferred specification.

Table 4 reports the estimation results for that eho@hat table details the estimated regime
probabilities for the periods before and after 2riAR015; estimates of the parameters of the
unobserved transaction costs and of the first-oedgocorrelation parameter, and the estimated
standard deviations for the different trade reginefore commenting on the estimates, we simply
stress that the estimated autocorrelation parameter highly statistically significant and that the
result of the LR test for the null hypothesisy(H ) clearly confirms a need to correct for the

presence of first-order serial correlation in dyiplication.

Table 4. Estimation results for the extended PBM.

&7 ' 3% % & &7 " 8% % *(
" & % & %
&7 K- 835 % ¥ & 1& 333 % .)(
/ & - 835 % L& &' -888 %
0 1 97 1* 335 % )( 17 &.&3$33 % *&(
+, 97 YH$ES % & TG $S % . (
/ 27 & -&$$S % H( il - 888 % *N(
/ 2 "-$$$ % )H(
3 *UESS % -
; ).-$$8 % .
4 245 28 18",
4
6 7%97 &:7 97 17 97 07 #?7 #7( &-& "#
67% ( o

Note: Significance tests are based on asymptatiwsird errors that have been computed using theidtematrix of the

log-likelihood function. The standard errors areparentheses. Asterisks indicate significance #¥' 00.05" and 0.01"

levels, respectively. Numbers in italics are phealues of the 2 statistics of the likelihood ratio (LR) tests.
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From these estimation results, several findings ban highlighted regarding the regime
probabilities. First, there are notable shifts e estimated regime probabilities. Before the zone
merger, the probabilit)&?7 of observing spatial integration, i.e. the margigite with zero marginal
rent to spatial arbitrage, was about 60%. The gtihaof that regime is substantially higher once
the policy is in place a&:(7 attains nearly 80%. This finding indicates thag¢ ffrench markets
become more spatially integrated after the zoneggeresis we observe North-South spatial arbitrage

opportunities exploited 80% of time.

Second, the probability to observe “barriers taefanot generated by pipeline congestion (i.e.
Regime Ill) drops drastically from 25% to 5%. Tiedarly reveals an improvement in the spatial
efficiency of the market. This result documents fdnet that fewer inefficiencies, such as unexptbite
arbitrage opportunities, which cannot be explaimggipeline bottlenecks, are observed in the market
after the extension of the Southern trading zomeisT the policy decision to merge the two southern
trading zones removed unexplained barriers to triadieed, a bigger market size and a larger number
of market participants allows a more transpareigepiormation and prevents strategic manipulation
in the market. These changes induce a more effisigatial arbitrage activity between the northern

and southern markets.

Third, it should be noted that, in contrast, thénested probability&?*7 (&:(Z after the zone
merger) to observe barriers to trade due to a &atiitransport infrastructure does not change over
time and remains close to 15%. This result is mgbrising, as there was no substantial variation in
the capacity of the pipeline infrastructure ovee tiwhole sample period. Indeed, it should be
emphasised that the policy decision to merge theghson trading zones was taken as a short-run
remedy (see the discussion in section 4.1). Higbepspreads explained by technical constraints,
which in our case is the last remaining obstacle the market integration, will hopefully be

eliminated once the additional infrastructure c#yas provided.

Lastly, we also note that the regime probabiliﬁ%@ and&(z of observing autarky prices (i.e.

the regime such that the price spread is lower thartransaction costs) are very close to zercs Thi
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finding is not surprising as we observe an almashterrupted trade flow of natural gas from the

North to the South during the whole sample period.

Regarding standard deviations, our estimates ®ctimgestion regime 7’ and i/ are higher

than the ones obtained for the barriers to traggme ° and *, particularly after the zone
merger. This result indicates that the deviatiohghe spatial price differential from equilibrium
transaction costs are larger when the infrastredgisaturated. Interestingly, one can also rertteak
the standard deviation of the congestion regigacreases from 3.0 to 4.4 after the zone merger.
This finding reveals a rising social cost of coniggsand confirms a growing need for infrastructure
expansions aimed at alleviating pipeline bottleseddter the merger, we observe a lower estimate
for the standard deviation of the positive shocksn equation (5), which is coherent with the

hypothesis that the markets become more integeatdcekfficient afterwards.

An examination of the estimation results obtainedthe components of the transaction costs
also provides several insights. One can note thatvalues of the standard deviations of the
unobservable shock of the unit transaction c86tand 7 are relatively low. It is also interesting to
see that this standard deviation is substantiallyel after the zone merger. The variability of the
arbitrage cost incurred by spatial arbitragers tlesreases after the policy measure. This finding
could reflect an improvement in the liquidity obs=dt in the southern market as the presence of a
greater number of market participants lowers theabdity of the transaction costs incurred by

arbitragers.

We then examine the expected value of the estimatabtransaction costs that includes both an

observable portion and an estimate of non-obsesvaii’ This expected value is as follows:

" The chosen specification for the unobservableigorsolely includes a constant and the gas volumes
transported from the North to the South. It waedeld among a number of candidates that combiner oth
possible explanatory variables (e.g. seasonalitipbles, week-day dummies). Our preferred spedtiioawas
selected using a general-to-specific approach aiateidentifying the most parsimonious model thandg
rejected by the data (using likelihood ratio tedts)s important to highlight that our main consions regarding
the merger effects on regime probabilities alsal lvath these more general models. For the sakeenfitly, we
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<=>? @@Q<?=7AQ0EC DE (13)
The estimated costs coefficients are significamthatl% level. The constant parameter is fourtueto
negative but this should not be surprising asptwas a number of un-modelled effects (e.g. market
and macroeconomic issues). Other costs, such asa fee for the hub access in each zone or
hedging and information costs, are also incorpdratethe constant. The volume coefficient also
conveys important findings. Massol and Banal-Edtg#018) prove that a positive and significant
value for the volume coefficient reveals the preseof market power in spatial arbitrage. Indeed, in
our case the null hypothesis of competitive NorthrB spatial arbitrage is firmly rejected as tis¢at

of that coefficient is 10.21.

We now discuss both the magnitude and the evolutidhe estimated transaction costs across time.
The average sample values for the tariffs and rdwesported volumes variable (i.e. 0.74 and 0.31,
respectively) yield an expected value of €0.55M@vh for that transaction cost. To gain insights on
its evolution over time, Figure 5 depicts the onenth centered moving average of the estimated
transaction costs. We note that this cost is gdpdaver after the merger than before. A visual
inspection of that plot also suggests that there asaownward trend during the early years but not

after 2014.

Figure 5. Estimated total transaction costs in EURMIWh (1-month centered moving average).

do not report the estimation results obtained wulithse models. Of course, the results obtained thitise
broader specifications are available from the asthipon request.
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We now use our transaction costs estimates to aeathe arbitrage rent perceived by spatial
arbitragers (see Table 5). Comparing the valuesrbeind after the implementation of the regulatory
policy, we document a subsequent €0.71 per MWhateatuin the average arbitrage rent, as well as a
slight decrease in the average transaction cos0@?2 per MWh. Thus, before the merger, the
estimated arbitrage rent accounted, on averag@2far of the price spread, whereas that proporton i
reduced to 69% after the merger. Taking into acte@usubstantial reduction in the average price
spread, these results show an increased spatigketfy between the considered markets following

the creation of a unique southern market.

Table 5. Mean price differentials, estimated transetion costs and arbitrage profits for North-South

arbitrage.
H'# $ % "I 1" &
8 . #) I-& . &&-
* k%] *_
L& - #

Following the approach first discussed in Kiefed&Q) and Spiller and Wood (1988, p.889-90),

we now use our parameter estimates to determineafth observation, the probabilityProbd that

was generated by reginre Given the estimated values of the model parametieis probability is:

26



Probd =& ¢'$ ., H/G4& ' $ ., 1O Figure 6 depicts the one-month centered movingrame

value of these probabilities. We find that, aftee zone merger, we mostly observe the integrated

equilibrium regime and a few short periods of tbagestion regime.

Figure 6. One month centered moving average estimeg of regime probabilities. The vertical dashed

bar marks the zone merger.

Summing up, we find an improved market efficienog ancreased market integration after the
policy decision to merge the two southern gas mgdzones, even if our analysis reveals the
imperfectly competitive nature of the arbitragenatt between the northern and southern natural gas
markets. We also find that the infrastructure isdumore efficiently after the policy measure, as we
observe unexploited arbitrage opportunities aloiith spare infrastructure capacity prior to the zone

merger, while afterwards almost all the cases ihkitive arbitrage rent are explained by capacity

27



constraints. Thus, the remaining inefficienciesttie market could be eliminated by infrastructure

expansion.

6. Conclusions and policy implications

In Europe, over the last two decades a seriesgoflatory reforms were carried out to foster both
the emergence of liquid regional gas hubs and #winomic integration. The most recent example of
such reforms concerns the regional mergers of rgaléng zones that are presumed to allow a more
efficient allocation and pricing of natural gas aad increased competition between market
participants. This paper represents, to the bestuofknowledge, one of the very first attempts to
verify the validity of that postulate by examinitige effects of that institutional reform on the
efficiency of the spatial arbitrage conducted betvéhe affected regional trading area and other

adjacent wholesale markets for natural gas.

Our investigations focus on the case of Franceraack specifically on the 2015 decision to
merge the country’s two southern hubs and on pengissions on the spatial arbitrage conducted
between the northern and southern markets. Forpihipose, we develop an adapted empirical
method: the extended Parity Bounds Model that kms$niellectual roots in the theory of spatial
equilibrium. Its application to the French casevied us with an opportunity to obtain a series of

original findings that have important policy img@ions.

Our results document the positive impact of thatitational reform on the spatial efficiency of
the markets because (i) the average arbitragdoetite North-South trading activity is considesabl
reduced, (ii) the spatially integrated equilibritstate, meaning that spatial arbitrage opportunities
between the Northern and Southern markets are ieeghlas observed 80% of time after the zone
merger, compared to only 60% before, and (iii) pnebability of observing unexploited arbitrage
opportunities, meaning unexplained barriers todrdct are not caused by transportation bottlenecks
drops significantly from 25% to 5%. Another impartaresult is that, following the merger, we
observe a higher load rate of the infrastructuranecting the northern and southern markets.
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Moreover, unexploited arbitrage opportunities anmedpminantly explained by transportation
bottlenecks after the extension of the southemtirigazone, which was not the case before the reform
Our result also indicates the presence of imperéechpetition in the observed spatial arbitrage

activity which calls for a close regulatory monitay of the behaviour of market participants.

Overall, our results indicate that trading zone gees are an interesting policy instrument that
encourages competition between market participamisimproves the liquidity of the gas hubs. Such
reforms can lower the inefficiencies and barriersrade between adjacent markets. Of course, in the
case of congested networks, the reform has to bmpleted through physical infrastructure
expansions in order to alleviate the effect of |igebottlenecks. That said, zone mergers positivel

contribute to the development of a spatially efficiand perfectly integrated European gas market.
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Appendix A

In this appendix, we clarify how the presence wdtforder serial correlation can be corrected for.

We letJ denote the difference between the spatial pri¢kerdintial

and the

deterministic component of the unit transactiont.cdg use that lagged value to model the effect of

first-order autocorrelation:

Regime I: J ,whereJ ;J
Regime II: J ,whereJ ;J
Regime lIl: J ,where J ;J
Regime 1V: J ,whered ;J

where; is an autocorrelation parameter to be estimatétth (w ; -
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