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Motivation

m Post-liberalization: emergence of spatially localized

spot markets interconnected throughout a network.
Are the arbitrages performed
between these markets efficient?

Map 2: US natural gas spot prices at major trading hubs, 2006 ($/MBtu)

Figure 1: European gas hubs and gas exchanges

NW Sumas
Algonquin
itygat
USD 7.40
b kss
USD 656,
Transco
26-NY
usD7.37
PG&E
Citygate Panhandk
UsD 6.47, Cobdy Sl
USD 5.89
Henry Hub
@  Pricing point USD 674
55
USD 647 Black - t pri Zone 0
lack - current price usg“;’jo Source: CRE|
O Basis Source: FERC
.Natural gas hub - Natural gas Exchange

Tha haimdaviae and namee chaumnm and tha dacionatiane 11ead an mane inclivdad in thie mithlicatinn Aa nat imnlv afficial



EU Imports (Bcm)

350

300 -

250 -

200 +

150 ~

100 H

50 ~

Background

= The resurfacing of supply security concerns in

Europe
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The EU regulatory debate
emphasizes “the importance of

short-term spatial arbitrages as a
| means to prevent balkanization”

and insure an efficient supply of
natural gas (Vazquez et al.,
2012).
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Objectives of the paper

= Propose an empirical methodology to assess the
arbitrages performed between two gas markets
linked by a capacity-constrained pipeline system

Ji = i

= This methodology is designed to:
= (i) detect if markets are “integrated,”
i.e., if all the spatial arbitrage opportunities are exploited
= (ii) decompose the observed spatial price differences

into factors such as transportation costs, transportation
bottlenecks, and the oligopolistic behavior of the arbitrageurs.

= As an application, we study the spatial arbitrages in
the UK-Belgium “Interconnector” pipeline
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m  Stigler and Sherwin (1985): Two geographical markets for a

tradable good are integrated if the spatial price difference between
these two markets equals the unit transportation cost.

Earlier empirical analyses focus on co-movements

among prices

e.g. Cointegration tests ; Granger causality tests; ECMs models; analyses based
on the Kalman Filter approach to examine the degree of price convergence ; AR
models of pairwise price differentials.

Some concerns:

A lack of theoretical connections with spatial economic models

Enke (1951); Samuelson (1952); Takayama and Judge (1971)

Existing empirical models cannot be used to test for the
competitive nature of the observed arbitrages



Methodology




Spatial equilibrium with
a capacity-constrained mfrastructure

= Case A: Perfectly competitive spatial arbitrages

I\gilx H?it(jSt)z(Pit _Pjt _Tjit)jSt jSt
s.t jSt = Kjt
jSt 20

KKT: 0<Q, L P P ,—7,—&, <0

= Case B: Monopolistic spatial arbitrages
I\gix H’}/ilt(jSt):(pit(Sit+jSt)_pjt(Sjt_jSt)_Tjit)jSt

S.L. Qi <K

Qi 20

KKT: OSjSt 1 Pit_P't_z-jit+(pi't+pljt)jSt_gjitSO
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Empirical specification (1/4)*
An extension to Barrett & LI (2002)

A taxonomy of 7 regimes:

Trade No trade
0 < Q;; s Ky, Q; =0
=0 Regime | Regime Il
Marginal Regime IIl,
profits it Qi < K;;
to >0 Regime IV
spatial Regime lll,
arbitrages iff Qi = Ky
<0 Regime V Regime VI

The ambition is to estimate lr the probabilities to observe these regimes



Empirical specification (2/4)°
A Parity Bounds Model

Assumptions and notations:
- the observable portion of the marginal rent to arbitrage is:

Rjit =P, - Pjt _Tjit

- the marginal arbitrage costis 7 =T, +a; +Z;f;

Modeling the marginal profits to arbitrage
= Regimes | & Il Rjit _(aji +Zjitﬂji )_jSty = it

= Regimes I, lll, & IV Ry _<aji "‘Zjit:Bji)_jSt?/ = &t T Uiyt

| Regimes V & VI Rjit _(aji + Zjitﬁji )_jSty = gjit _Ujit
where
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Ejip ~ N (0,0'82) Hii ~ N~ (0,0'j) Vi ~ N~ (O,of)



Empirical specification (3/4):

= The joint density function for the observation at
time t is the mixture distribution:

fjit (”jit (/1’9)) = Ajit |:/1I fjlit (ﬂ-jit‘e)_i_((l_ Bjit )ﬂ“llla + Bjit/llllb) fjli'ltl (”jit 6)+ﬂv fj\i/t (ﬂ-jit‘e)]

"'(1_ Ajit)|:ﬂ’ll fj:i (ﬂ.jit‘g)_i_ﬂ’lv fjli:/ (ﬂ'jit‘@)"'ﬂw fj\i/tl (ﬂ.jit‘g)]

m Estimation:

Max ZNllog( Tii (”jit (’1‘9)))

(r0)
s.t. er,r:]_

This is a nonconvex NLP

A € [0,1], Yr



Empirical specification (4/4)

Correcting for serial correlation (Kleit, 2001)
= Regimes | & Il:

Rjit - (aji + L5 ) — Qi —p;E (gji(t—l)

77ji(t—1)) = &jit

= Regimes L, lll, & IV
Rjit _<aji + Zjiqui )_jSt7/_,0jiE(5ji(t_1)

77ji(t-1)) = it T Hijit

= Regimes V & VI
Rjit _(aji + Zjitﬂji )_jStV_PjiE(gji(tl)
where E(g

77ji(t1)) = &jit ~ Uit

(-1 Uji(t_l)) is computed using:

AT, (”ji(t—l) ‘91) the probability to observe regime r
J at time t-1
;ﬁ’k fi (Uji(t_l) ‘91)

P (r ‘nji(t—l) ’ 91) =
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An application:

—— the case of the IUK pipeline
== pIp




The case study

The Interconnector

Ll
acton

= Period: Oct. 1, 2003, to Oct. 5, 2006.

m Data sources:

m prices: Platt’s day-ahead natural gas
prices (€/MWh).

m flows and transportation costs: IUK
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Estimation results (1/2)
Testing for perfect competition

From UK to Belgium From Belgium to UK
Mean parameters
a -0.3164""" -0.0990™""
Pine 0.2019 -0.7017""
' - -0.0401 0.2442™"
- - -0.2391" 0.5304™"
4 0.0012°"" 0.0026™""
P 0.3396™"" 0.4860°""
Log likelihood -982.6623 -991.7400
LR tests
Ho: ¥ =0 128.868 (0.000) 115.345 (0.000)
Observations 723 723
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Estimation results (2/2)
On market integration...

From UK to Belgium From Belgium to UK
Probabilities (in %)
4, 48.56™" 41.60""
A 41.16™ 50.50"""
A, 2.45™" 169"
Am, 0.00 0.92"
logy 2.88""" 0.49
Ay 0.00 3.05™"
- 4.96™" 176
Probability of spatial
market equilibrium
conditions (in %) 54.68 94.77
: (2 + 245+ + 2y )




Model validation

= For each observation, identify the regime with the highest probability.
= Then, select the observations explained by regimes | & |l

Figure 1. Q-Q plots of the standardized residual series (sample: a',-it + aljln =1)
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Conclusion and implications

m This paper provides
= an extension of the standard Parity Bound Model
= to model the role of capacity constraints
= a dynamic specification to account for serial correlation and
a time-varying variance.
= a novel test for the presence of perfect competition in
spatial arbitrages.

= An application to the IUK pipeline

= Our findings
= document the efficiency of the spatial arbitrages
observed between Belgium and the UK.
= Spatial equilibrium conditions hold with a high probability

= document the presence of an unexplained transaction
cost that is proportional to the trade flow

= The assumption of competitive spatial arbitrages based on
a constant unit transportation cost needs to be revised



Thank you for your attention!
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