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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 ** Olivier MASSOL "¢ Frangois LEVEQUE *

Abstract

Under way to a European integrated energy market, policymakers need to find efficient
measures aimed at increasing liquidity in local natural gas markets. The paper answers the
question whether a merger of gas trading zones contributes to the development of liquid
trading activities through a more efficient allocation and pricing of natural gas and an
increased competition between market players. We analyse the effects of a policy decision to
merge two gas trading zones in France on the observed degree of spatial market integration
and the efficiency of the spatial arbitrage activity between the northern and southern French
gas markets. An extended parity bounds model confirms a positive impact of the zone merger
on the market’s spatial equilibrium and indicates the causes of remaining market
inefficiencies. The model offers a tool for the assessment of the efficiency of policy decisions
in the context of policy initiatives to create an integrated and liquid natural gas market in

Europe.
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1. Introduction

In Europe, fostering the integration of the interior market is a major public policy objective that
underlies the institutional reforms that completely restructured the natural gas sector. An important
element of these reforms has been the definition of the zonal balancing mechanisms retained for gas
pipeline systems. That, together with the adoption of the entry-exit pipeline tariff system, prompted
the emergence of a collection of regional spot markets for natural gas (Miriello and Polo, 2015). By
design, these so-called “gas hubs” are aimed at intensifying the competition among gas market
participants and at generating an efficient allocation and pricing of natural gas within each entry-exit
zone (ACER and CEER, 2017). As the hubs are interconnected throughout the pipeline system, they
also enable spatial arbitrage between them. The development of liquid trading activities both at each
hub and between these hubs is thus key to supporting the desired integration of the EU internal gas

market.

However, the degree of trading maturity attained at some of these spot markets remains
desperately low (Heather and Petrovich, 2017) and there are doubts about whether the observed lack
of liquidity can be corrected without structural reforms (ACER and CEER, 2015). To circumvent this
problem, European regulators are currently favouring the merger of adjacent illiquid trading zones to
create a broader, and possibly transnational, regional market area (CEER, 2011; ACER and CEER
2015). It is expected that the price formed in that larger market will reflect the processed information
of a larger number of market participants and will, in turn, encourage the development of competitive
spatial arbitrage activities with other adjacent hubs. The fundamental public policy question examined
in this paper is therefore: “Is the regulator’s conjecture about the positive effects of zone mergers on

spatial integration valid or not?”

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

natural gas between the northern and the southern parts of the country.



After a preliminary analysis of the time series properties of the northern and southern spot gas
prices, we apply a new empirical methodology in order to assess the impact of the policy decision to
merge trading zones on the spatial arbitrage activity performed between the northern and southern gas
markets in France and to evaluate the degree of market integration. This methodology, which is
consistent with the theory of spatial equilibrium (Enke, 1951; Samuelson, 1952; Takayama and Judge,
1964, 1971), suggests that the market integration can be time-varying: we can observe (i) perfectly
integrated equilibrium periods, meaning the spatial price spread corresponds to the transaction costs,
so that there is no profitable arbitrage opportunities because the arbitrage rent is zero; (ii) imperfectly
integrated equilibrium or barriers to trade, when the price spread is higher than the transaction costs,
which indicates unexploited arbitrage opportunities due to a positive arbitrage rent; and (iii) autarky
periods, during which the transaction costs exceed the spatial price difference, forming a negative
arbitrage rent. In the latter case no trading flows should be observed in equilibrium. The goal of the
analysis is to estimate the probabilities of observing a particular market state before and after the

policy implementation.

For that purpose, we follow Massol and Banal-Estafiol (2018) and propose an adapted Parity
Bounds Model (PBM) aimed at estimating the transaction costs with the help of non-price data (i.e.
transportation tariffs, volumes and capacity data). We extend their model so as to be able to assess the
efficiency of the policy measure, following Negassa and Myers (2007). The specification developed
in our paper allows us to figure out how the market spatial equilibrium changes after the zone merger

and conclude about the degree of market integration before and after the policy measure.

Besides the assessment of the policy efficiency, in this paper we address several questions.
Firstly, we evaluate how well the French northern and southern spot gas markets are linked to each
other, which has not been done in the academic literature. Moreover, while testing for market spatial
efficiency, the methodology enables us to detect periods of inefficiency in the market and indicates its

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



arbitrage costs and test the hypothesis of the competitive nature of the arbitrage activity between these

two markets.

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

competitive nature of arbitrage activity.

The paper is organised as follows. In section 2, we briefly review the empirical challenges faced
when assessing the degree of market integration and provide a condensed presentation of the
intellectual connection between the theory of spatial equilibrium and the specification of a PBM
model. The third section presents our methodology applied to the North-South arbitrage activity.
Section 4 provides an overview of the institutional organisation of the natural gas markets in France
and then describes the data and some preliminary analyses. Section 5 presents our empirical results.

The last section concludes.

2. Market integration: Definition and assessment

The section first provides a condensed review of the challenges faced when attempting to
empirically assess the degree of spatial integration between two natural gas markets. It then presents

the theoretical background of our empirical analysis.
2.1. Empirical challenges

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

should be equal within the market. Marshall (1890) extends the notion by allowing the local price at



two distinct locations to differ, provided the spatial price spread equals the intermarket transportation

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

In a recent survey of the empirical methodologies' examining the degree of spatial integration
among a collection of natural gas markets, Dukhanina and Massol (2018) discuss the challenges that
emerge when attempting to operationalise this seemingly simple theoretical definition. For example,
they note that information about the various components that constitute the arbitrage costs incurred by
market participants is seldom available to modellers. Another problem is related to the fact that, in
some cases, trade can be hampered by the presence of congested infrastructures. Indeed, pipeline
capacity constraints can limit intermarket trade and thus moderate the level of market integration for
some observations. As transported flows exhibit substantial variations across time, congestion is also
likely to be time-varying, which calls for adapted empirical representations. Finally, they note that,
with few exceptions (e.g. Cuddington and Wang, 2006), most of the existing contributions apply time

series specifications that are only loosely connected to the microeconomics of spatial arbitrage.

2.2. The theory of spatial equilibrium

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

one examines the direction-specific arbitrage that can be performed from market ; to market i at

time ¢ and let Tj;; and Qj;; respectively denote the intermarket marginal transaction costs and the

! The list includes: (i) the early correlation assessment of Doane and Spulber (1994); (ii) the application of either
cointegration techniques (e.g. De Vany and Walls, 1993; Walls, 1994; Serletis, 1997, Asche et al., 2001; 2002;
2013; Siliverstovs et al., 2005) or Granger causality test in Vector Error Correction Models (e.g. Nick and
Thoenes, 2014; Bachmeier and Griffin, 2006; Park et al., 2008; Brown and Yiicel, 2008; 2009; Olsen et al.,
2015; Growitsch et al., 2015); (iii) the application of the Kalman filter (King and Cuc, 1996; Neumann et al.,
2006; Neumann, 2009; Renou-Maissant, 2012; Neumann and Cullmann, 2012, Mu and Ye, 2018); (iv) price
convergence estimations (Li et al., 2014, Mu and Ye, 2018) or (v) an auto-regressive modelling of the price
differentials (Cuddington and Wang, 2006).



intermarket flow Qj;; then the equilibrium prices P;; and P;; must verify the following

complementarity condition:
0 < Qjir, P =P =Ty <0 and  (Py— Py —Tji)Qji =0 (1

This condition indicates that if the spatial price spread is less than the transaction costs, the two
markets are spatially segmented, i.e. there is no trade flow between these markets (Qj;; = 0) and the
arbitrage rent is negative Py — Pz — Tj; < 0. The markets are linked by spatial arbitrage (i.e.
Qjit = 0) when the arbitrage condition is binding, which indicates that the price spread equals the
intermarket transaction costs, which corresponds to zero arbitrage rent. Indeed, if the price spread
exceeds the transaction costs it creates arbitrage opportunities which are immediately exploited by

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

In agricultural economics, the empirical works of Sexton et al. (1991) and Barrett and Li (2002)
develop the Parity Bounds Model (PBM), a switching regression specification that is consistent with
the theory of spatial equilibrium. For example, Sexton et al. (1991) consider a typology of three
possible trade regimes. The “efficient arbitrage” regime is such that the observed spatial price spread
equals the intermarket transaction costs. The “barrier to trade” regime reveals the presence of
unexploited profitable arbitrage opportunities because the spatial price spread is larger than the
transaction costs. Lastly, the “relative glut” regime is such that the price formed at the destination

market is depressed below the sum of the price at the origin market and the transaction costs.

Massol and Banal-Estafiol (2018) show how that modelling framework can be adapted to
investigate the integration of natural gas markets. They underline that there is a need to account for
the specific role of pipeline capacity constraint, as observing a “barrier to trade” does not have the
same implications depending on whether the interconnection infrastructure is congested or not. In the
former case, the theory of spatial equilibrium stipulates that pipeline congestion can result in the
observation of large spatial price spreads. In contrast, if the infrastructure is not congested, observing

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



consistent with that theory. They thus propose further decomposing the “barrier to trade” regime by

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

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

allows estimation of the length of the adjustment period.

In our paper we extend the model of Massol and Banal-Estafiol (2018) by introducing policy
dummy variables, following Negassa and Myers (2007), in order to analyse the change in the degree
of the market integration before and after the merger of trading zones in France, which enables us to

ascertain the efficiency of the policy.

Summing up, in this paper we build a parity bounds model with four regimes. We estimate the
arbitrage costs with the help of traded volumes and transmission tariffs data, allowing the transaction
costs to vary over time. We introduce policy variables in order to shed light on the effects of the zone
merger. To the best of our knowledge we are the first to upgrade a parity bounds model with policy
dummies, applying it to the natural gas markets. In addition, we test the assumption of a competitive

arbitrage for the North-South trading activity.

3. Methodology

In this section, we present the methodology used in our empirical investigations. We first define
an adapted typology of four distinct trade regimes and explain how the probability of observing each
of them can be estimated using a switching regression framework. We then show how this parity

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

We let Tj;; denote the unit intermarket transaction costs incurred when performing a spatial

arbitrage aimed at transporting natural gas from market j to market 7 at time ¢. These unit costs include



both observable (e.g. the tariffs charged by the TSO for the intermarket pipeline infrastructure) and
non-observable components. Following Sexton et al. (1991), we posit that these transaction costs can

be modelled as follows:

Tji = Tariffjie + aj; + X{Bji + v, (2)
where Tarif fj;; is the observable tariff charged for the pipeline interconnection, @j;; and Bj; are
unknown coefficients to be estimated, X; is a vector of exogenous variables and v; is a random error
that accounts for all non-observable shocks. The error is assumed to be i.i.d. normally distributed with
a zero mean and a standard deviation o,,. Hence, the unobservable portion of the unit transaction costs

is: aji + Xéﬂ]l + Vt.

Let P;; and P;; be the wholesale market price for natural gas and AP;j; = P;; — Pj; denote the
price spread between the two markets. We now model the relations between the price spread and the
unit transaction costs using a switching regression model that considers the following typology of four

mutually exclusive trade regimes.

In Regime I, the price spread is said to be “at the parity bounds”. The expected value of the

spatial arbitrage condition binds and the spread equals the unit transaction costs:
APijt = Tariffjl-t + a'jl- + Xl,‘ﬂjl + Ve . (3)

By construction, Regime I is consistent with the conditions for the profit maximisation of a

spatial arbitrageur.

In Regime II, the spatial price difference is below the unit transaction cost and hence “inside the

parity bounds”:
APijt = Ta‘l"l'ff:,'it + ocjl- + Xéﬁﬂ + Vi — Uz, (4)

where u; is an error term drawn from a zero-centered normal distribution truncated below at 0 with a

standard deviation o,,. By construction, u, measures a deviation from arbitrage equilibrium and



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

this is the autarky situation — and inefficient if positive trade flows are observed from market j to i.

Sexton et al. (1991) and Negassa and Myers (2007) also consider a third regime to model the
case of a spatial price spread which is “outside the parity bounds” (i.e. above the unit transaction
costs). In a recent application to interconnected natural gas markets, Massol and Banal-Estafiol (2018)
underline that this regime should be further decomposed according to another characterising element:
the possible presence of bottlenecks along the infrastructure connecting the two markets. They show
that observing a spatial price differential above the unit transaction costs is consistent with the logic of
spatial equilibrium theory if the pipeline capacity constraint is binding. In contrast, if there is spare
capacity in that infrastructure, observing a spatial price spread “outside the parity bounds” implies the
existence of unexploited arbitrage rents that can be due to a lack of information, barriers to entry or
market power. We hereafter retain that distinction and introduce a dedicated dummy variable Df that

takes the value 1 whenever pipeline congestion is observed and 0 elsewhere.

In Regime III, the price spread is above the unit transaction costs and hence “outside the parity

bounds” and there is spare capacity in the pipeline infrastructure (i.e. Df=0):
APijt = Tariffjl-t + a'jl- + Xl,‘ﬂjl + V¢ + U , (5)

where the error term u, measures by how much the price difference exceeds the unit transaction costs

and thus the effects of the barriers to trade that are not generated by infrastructure bottlenecks.”

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

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

* We follow Sexton et al. (1991) and Negassa and Myers (2007) and assume that the error terms in regimes II
and III have the same distribution. In the application discussed below, we relax that assumption to allow
possibly different standard deviation coefficients for these two regimes and conduct a likelihood ratio test for
the null hypothesis of an identical parameter value for the two regimes. As that hypothesis was not rejected at
the 10% significance level, we decided to maintain the assumption of the same distribution for error terms in

regimes II and III.



APijt = Tariffjl-t + a'jl- + Xl,‘ﬂjl + V¢ + &, (6)

where the error term &, is a positively valued shock drawn from a zero-centered normal distribution
truncated below at O with standard deviation o,. By construction, & measures the congestion charge,
that is, the price of capacity (in excess of the unit transaction cost), which is positive when the
demand for pipeline transportation services exceeds supply (i.e. the infrastructure capacity offered to

shippers).

For notational simplicity, we let: m.:= AP;;; — Tarif fj;; — aj; — X¢fj; denote the marginal
profit from spatial arbitrage at time 7, A = (A;, A, 4551, A1) denote the vector of the probabilities of
observing the four regimes and 6 = (aj;, Bji,, 0y, 0y, 0¢) denote the other parameter vector to be

estimated. As regime probabilities sum to one, we have A;, = 1 — 4; — A — Ay
The joint density function for m; over all trading regimes is the mixture distribution:
ft(@eld,0) = A1fi(e|0) + A fru(el0) + (1 — DE) Ay fru1 (70 |6)
+ Di[1 = 41 — Ay — Al frv (1016). (7

where the distribution functions for the observations are as follows: f; is the density function of a
normal random variable and f;, fi;; and f;, are the density functions for the sum of a symmetric
normal random variable and a truncated normal random variable. The latter distribution was first

derived by Weinstein (1964) and is also detailed in Sexton et al. (1991).

The likelihood function for a sample of N observations is:

L(A,60) = [TiL4[fe(mel 2, 0)]. ®)

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

10



In that PBM, regime probabilities and distributional parameters are posited to remain time-
invariant during the full estimation period. However, we follow the methodology first introduced by
Park et al. (2002) and Negassa and Myers (2007) in agricultural economics and relax that assumption
by allowing possible dynamic shifts in these coefficients in response to an exogenous regulatory
intervention. Concretely, we let T denote the date on which the full effects of the new regulatory
policy are realised and define the dummy variable D that takes a value of O for all observations
t < T and 1 otherwise. We use it to allow possible shifts in both the vector of regime probabilities and

the distribution parameters:

Ay = (1=DNHA<T + DI A*T, )

o,, = 1=D{)oy" +Df ;" (10)
oy, = (1=D{)o;" + Dl a7, (11)
o, = (1=D{)os" + DfaZ". (12)

where the superscripts < T and > T respectively denote the coefficients for the period before and
after the policy implementation. The specification of the extended PBM is then obtained by inserting
these time-varying parameters in (8). The extended model can then be estimated by maximising that
enriched log-likelihood function subject to the constraints that all regime probabilities lie in the unit

interval and that the standard deviation parameters are positive.

The original PBM is a restricted version of the specification used for the extended PBM.
Therefore, likelihood ratio (LR) tests make it possible to test for the absence of structural change in

the regime probabilities and/or the distribution parameters.

One can wonder whether the arbitragers’ response to the policy change is immediate since there
can be a delay between the official implementation date of that new policy and its effect. In the
application discussed below, we successively allow T to be any date from the first day of the policy

change (which corresponds to an instantaneous adjustment) to the first day of the next month under
11



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

models and select the date that provides the highest log-likelihood.

Lastly, it should be noted that these specifications do not account for the possible effects of serial
correlation. As un-modelled serial correlation can result in inefficient estimates, we supplement them
with a correction for the presence of first-order serial correlation in the error term. For concision, we

detail that correction in Appendix A.

4. Application

The extended PBM is applied to the French natural gas market to examine the effects of the zone
merger implemented in 2015. We begin with a condensed overview of the organisation of the French

natural gas markets and then present the data and some preliminary analyses.
4.1. Background: The French gas market

The two European gas directives (see directives 1998/30 and 2003/55) prompted France to
implement a series of reforms aimed at gradually liberalising the domestic gas sector. The most
important ingredients of this restructuring include: the establishment of an independent regulator, the
Commission de Régulation de I’Energie (CRE); a privatisation of the incumbent operator; the
unbundling of its previously vertically integrated activities; the implementation of transparent and
non-discriminatory third-party access to infrastructures; and a series of regulatory measures favouring
the emergence of competitive wholesale and retail markets for natural gas. As a result, the pipeline
transportation system is now operated by two regulated Transmission System Operators (TSOs),
namely Gestionnaire de Réseau de Transport Gaz (GRTGaz), that operates the country’s largest

system, and Teréga,’ a regional operator that controls the southwestern pipeline system.

3 It was formerly named Transport et Infrastructures Gaz France (TIGF).

12



In 2005, the CRE compelled the TSOs to implement an entry-exit tariff system which imposes a
contractual division of the territory into five balancing zones® (see Figure 1). As the capacity of the
pipeline systems connecting the northern, western and eastern zones was deemed to be large enough,
the regulator imposed a first zone merger in 2009. These three zones were regrouped into a single
northern zone for which a unique balancing market named Point d’Echange de Gaz (PEG) Nord was
created. Liquid trading rapidly emerged at PEG Nord. That zone accounts for about two-thirds of the
country’s consumption and has a favourable (i.e. pro-competitive) endowment in infrastructures, as
the zone is connected to the trunkline systems supplying gas produced in Norway, Benelux and

Russia and also has two large import terminals for liquefied natural gas (LNG).

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

1 January 2005 | 1 January 2009 |

The situation prevailing in the two southern markets — namely PEG Sud in the southern zone
operated by GRT Gaz and TIGF in the southwest — was radically different and represented an

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

* For concision, we refer to David and Percebois (2004) for a comprehensive discussion on the entry-exit pricing
mechanisms and simply highlight here that an interconnection charge is applied whenever shippers demand a
transport service that involves crossing the zone borders.

13



deplored both the high prices (compared with the ones at PEG Nord) and the low degree of liquidity
at the two southern markets. Pipeline congestion was frequently observed in the infrastructures
connecting the two zones with northern France’ thereby limiting the inflow of gas from north-west
Europe. Furthermore, these two southern markets have either little (Spain) or no (Switzerland, Italy)
pipeline connection to adjacent countries and can only import LNG using a regasification terminal

located in Fos-sur-Mer near Marseille.

In 2014, that situation convinced the regulator to authorise GRTGaz to invest in a new pipeline
system aimed at better connecting its northern and southern infrastructures. As the completion of the
new infrastructure was not expected before 2018, the CRE also considered an institutional fix that
could deliver some short-term but tangible benefits to southern consumers: a merger of the two
southern zones PEG South and TIGF. The merger occurred on 1 April 2015. Thereafter, southern
France had only one wholesale market for natural gas: the newly created Trading Region South
(TRS). That situation prevailed until November 2018 when the pipeline expansion project
commissioned in 2015 was finally completed and the two remaining markets, PEG Nord and TRS,

merged to form a single hub, named Trading Region France.

In the present paper, we conduct an “ex post” analysis of the situation that prevailed during the
years 2011-2017 and empirically examine the effects of the 2015