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Abstract— Liquidity in the National Balancing Point (NBP)
forward market during 2010-14 is examined using liquidity
measur es adopted from the financial literature. Since the sample
period includes the date when the EU Regulation on Market
Integrity and Transparency (REMIT) became in force, the
question of whether changesin these measuresreflect REMIT is
also investigated. There is evidence of increased market
transparency and competition, which are of interest to policy
makers and regulators. No significant differencesin the level of
liquidity in the NBP one-month-ahead market appear to have
followed the introduction of REMIT.

of Energy Regulators to ensure that prices are a fair and that
no profits can be drawn from market abuse.

Although higher transparencanreduce transaction costs and
lower barriers to market entry, which may improve liquidity
[6][7], REMIT’s effects on market quality and liquidity are
unknown. For example, large commercial participants (e.g.
energy companies) may be more knowledgeable about retail
market developments and reluctant to post orders that would
give away this informative advantage. This could lead to a
deterioration of liquidity, e.g. [8], and higher market entry

barriers for small commercial participants, thus compromising
competitiveness, investment decisions and market efficiency.
Moreover, the amount of reporting poses high administrative
costs on market participants that may increase rather than
reduce transaction costs, thus making the markets less
Following the liberalization and development of natural gagtractive. Reduced trading activity from investors could
trading hubs in Europe, forward products have becomeggcrease liquidity and lead to market instability. Hence
response to the increased exposure to price risk that engf@asuring liquidity is relevant to cost the hedging, undertake
companies face in the spot market. Financial institutions afgestment decisions, and to aid regulators and policy makers
non-physical traders were encouraged to participate in themonitoring market quality in the context of the evolving
European natural gas markahd have further contributed tojjperalized European energy markets.

the development of trading hubs. Yet, concerns over thfie aim of the present study is to assess liquidity in the NBP
impact of investorsn market quality have been raised, mainlyorward market, which is the main pricing hub in Europe [9]
when trading occurs in the less transparent over—the—cour[m and can be regarded as representative of the European
(OTC) markets [1][5]. natural gas market. Several measures of liquidity borrowed
To foster stability and transparency, the Europeam the financial literatureand inspired by microstructure
Commission has introduced several regulatory proposal§eory, e.g.[11] are used. A time-varying setting is adojied,
among which is Regulation (EU) No. 1227/2011 on wholesaleder to investigate changes in liquidity that may have
Energy Market Integrity and Transparency (REMIT), whicky|iowed the introduction of REMIT.

has been in force since December 2011 and effective ronthe remainder of this article is organized as follows. In
October 2015. Section II, the liquidity measures in energy and financial
Wholesale markets encompass both commodityd amarkets are reviewed. Section Il describes the data and
derivatives, which are either physically or financially settleghethods. The empirical results are reported in Sedtion

REMIT introduces a monitoring framework to detect angdinally, Section V discusses the main findings and their
prevent market abuse, particularly in the OTC markegplications

Monitoring requires regular and timely access to records of
transactions as well as data on capacity and use of facilities for
production, storage, consumption or transmission of electricltiguidity is a measure of market quality, defined as the ability

or natural gas. Market participants, including transmissi®é® match buyers and sellers at the lowest transaction cost [11].
system operators, suppliers, traders, producers, lsrakmat This definition focuses on the trading mechanisms and the
large users who trade wholesale energy products are requéealution of asset pricing in the markets. Higher transactions
to provide that information to the Agency for the Cooperatigtosts imply lower asset prices and higher rate of returns,

Index Terms—Liquidity, natural gas, OTC markets, regulation,
time-varying processes.
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required to compensate investors for bearing the liquidity cobb date, measures of spread were used, among oth¢ig]by
This aspect has been extensively investigatethe financial [14] [21] [30] [31] to evaluate liquidity in financial markets.
literature, e.g[12]-[16], and denotes the ability of a market td’hey were also employed to assess liquidity in the U.S.
offer sufficient opportunities for trading, such that individuatommodity marketdy [32]-[34], and in the Nordic power
trades have a limited impact on market pricaslack of market by [35.

liquidity may impede trading, thereby making it easier for one

market player to assume a dominant positionith \easures of price impact

implications for price fluctuations. a high-frequency setting, measures of price impact are
Practitioners in natural gas and power markets usually refellrfo 9 q y 9, ot price imp
ur%ed to evaluate two aspects of liquiditdepth and

the churn ratio as measure of liquidity, e.g. [17]. This measure’,. S S
is the ratio of the trading volumes to the physical deliveriggs'“ency’ e.g. 19 [36]. The price impact is dined as the

after trades: the higher this ratio, the greater is the mar %@porﬁgec&a‘tangedsdtm e_xecuttlontr?rlcgs fc(;llovx;mg anAorder
liquidity. Although simple to calculate and useful whe W, W ordeffow is set as the signed voluri].

comparing markets, the churn ratio is driven by physicg]
deliveries which, in natural gas markets, are seasonal &R me’ over the same time interval]. [37]-[39] employed
weather-dependent. Furthermore, it encompasses trac{fﬁgu - [37]-{39 employe

o ; . - o ted return reverdal measure of price impact. The
activity, which may be associated with higher volatility, thus expect : )
implying lower liquidity [18][19]. A rigorous and empirically relationship between price changes and ofldsv, ddined as

relevant measure of liquidity in energy economics remain d'g deerer(fs gggwf:g ;:er(;];mf?,?rsr'gé .?T:Jyaagd sel(l) |r|1r|1t|ated
challenge, mainly due to the multiple dimensions invalve > P proxy price impagte.g. #0].

Liquidity comprises important transactional properties of |l. there is no consensus on .hOW.tO assess liquidity, and
market such as tightness (the cost of turning around a posiuéﬁerem measures are explored in this study.

over a short period), depth (the size of an order flow

innovation required to change price of a given amount), and Il DATA AND CONSTRUCTION OF LIQUIDITY

resiliency (the speed with which prices recover from a MEASURES

random, uninformative shock)2(]. In common, these The dataset

properties define liquidity as a cost. However, thesreno This study uses a unique dataset consisting of bijetick

consensus OV.Vh'Ch .WOL.'Id be the b_est measure to capture thl'r? icative quotes (best ask and best ask), execution prices and
cost. In the financial literature, different measures of SPread imes from the inter-deal broker Tullett Prebon

and price impact have been proposed to assess ma{ ft :/Imww.tpinformation.com). One month-ahead forward

easure of price impacs idefined as“the price change
ociated with the aggregated signed square-root dollar-

liquidity, e.g. fL4] [21]. NBP data for the period May 2010-December 2014 (461,663
records) are available and represent about a third of the total
Measures of spread trades in the sample period. Hence, liquidity dynamics are

Spread is a proxy for tightne€8ommonly used measures argnvestigated in a particular trading venue. Notwithstanding
the quoted bid-ask spread and the effective spr2Z]gJ6]. the share of the market is not small, and the analysis that
They originate froma microstructure model where costumergollows should be informative with respect to the NBP
trade only with market-makers, with bid-ask midpoint (midforward market.

quote) from the most recent best bid and ask centered, Asnin previous literature 4fl] [42], observations outside the
average, on the fair asset value4][[26] [27]. The quoted interval 7:00-17:00, weekends, holidays, entries with negative
bid-ask spread is defined as the difference between the nsggeads and outliers are remov&imultaneous records at
recent best ask and bid quotds.represents the cost of aeach timet are aggregated according to their medians (quotes
“round trig’, which is a purchase followed lysale for small and execution prices) and totals (volumes and number of
quantities. trades). Approximately 2% of the sample is discarded, thus
Stoll [28] observed that quoted bidk spreads may overstateresulting in 78,019 records, which are then resampled at 60-
transaction costs, because either traders are better informméute-frequency as in B3] [44], to reduce effectsof

than the market-makers, or market-makers adjust the bid-askrostructure noise in high-frequency irregularly spaced
spread to control for their inventory. In this respect, thgeries §5). The first return of each day is discarded, as it
effective spread, which is defined as the difference betwemight reflect adjustments to the overnight informatidme
execution prices and mid-quotés,an estimate of the actualfinal sample has 12,870 observations. Given the expected
transaction cost as it recognizes that trades may occureffect of the yearly seasonality of the demand for natural gas
prices other than the mid-quotes on quotes and execution prices and volumes, adjustment
The realized spread is similarly defined, but refers to thegressions are performed on the raw series to account for a
actual spread which follows a trade. It represents the ndrend and seasonalitg].

informational component of the effective spread, which

should lead to a temporary deviation of the price from the

underlying value, measured by the price reversal immediately

after a trade, e.g. [24]



EHS and PI are significantly different. Figure 1 depicts the

Assessing liquidity in the NBP forward market monthly medians of EHS, and suggests seasonal yearly

The first measures adopted relate to the spread: the effec I\a}gern in the NBP one month-ahead forward market

half-spread (EHS) and the realized half-spread (RHS), i. dUidiy:
BHS, = D () (
RHS, = D (*552), @

whereP; is the execution price at the trading timé/ is the
mid-quote at the same tim®. is the transactio direction
indicator taking values 1, for buyer initiated transactions, a\|nd
-1, for seller-initiated transactions, set according4fd.[The

realized half-spread represents the compensation of the risk Figure 1 Monthly medians of EHS

adverse liquidity supplier for bearing the price risk of an

order imbalance 48]. M.1 is the mid-quote after the TABLE I. DAILY LIQUIDITY MEASURES
transaction, a proxy for the post-transaction value. Tgiguidity _

realized half-spread containsthe non-informational | measure Mean | St.Dev. Qs Median Qrs
component of the effective half-spread, i.e. the transactiogys 0.312 0.223 0.170 0.259 0.395

_cost neF of the asymmetric information _ component. T &S 0171 0.186 0.076 0.143 0.240
informational, and permanent, component is measured by the
price impact of a transaction (P1), defined as: Pl 0141 | 0.145 0.057 0.109 0.196

The table reports descriptive statistics of the daihetiveighted liquidity measures. For each measure,
mean, standard deviation (St.Dev), lower quartilgsy@nedian and upper quart{|€s) are shown.

PI, =D, (%) ©)

T

Effective half-spread, realized half-spread and price impacde Il reports the correlation between liquidity measures
d trading activity variable€orrelation is high and positive

contribute to explain the costs of a single small transactidh.
However, liquidity adjusts to the pressure exerted by larg§tween EHS and RHS (0.642), and EHS and P1 (0.541), and

transactions, often executed in multiple transactid@ [n ower but negative . bgtween_ . RHS and Pl (-0.160).
FHrthermore, correlationis positive between RHS and

order to investigate this aspect in the NBP forward market, ; .
second measure of price impact, from [16] [20], is adopted:”“mber of transactions and trading volume (0.145 and 0.163
respectively), and negative between PI and number of

@) transactions and trading volume (-0.101 and -0.120
respectively).

wherern; is the return time series over a fixed interval, t Figure 2 shows the rolling estimates of the measure of price

1,...,T in the rolling windown and S, is the sum of the impact A and estimated confidence intervals, based on the

signed square-root of the order flow in the intere@ld Newey-West autocorrelation and heteroscedasticity robust

window. The time-varying coefficient,k,, is estimated standard errors. A gradual decrease in the measure over the

assuming rolling windows of size m=4500 (two businesseriod up to March 2014 and an increase in level and variance
years) over the sample and increments between succesgi\ge subsequent period are observed.

rolling windows of 1 period. This results in 6031 estimates ihje ||| summarizes the distributions of daily liquidity
the price impact A (N=T-m+1, with T=12870). The o q res in the pre- and post-REMIT periods; t-tests and a
remprocgl ofr can measure market d.e.pth, where a low Valuﬁ"onparametric sign tests on the means and medians,
of  implies that prices are less sensitive to oftiex. respectively, fail to reject equality in the pre- and post-event
samples. One-tail F-tests reject the null hypothesis of equal
variances across the two sub-samples for all the liquidity
measures. There is higher volatility in EHS and RHS after
Descriptive statistics of the daily liquidity measures aREMIT.

shown in Tabld. On average, transaction costs in the NB?ab|e \V2 reports estimates of the price impact measure

one month-ahead forward market are 0.312% (EHS), Sp"tth’b pre- and post-RE]\/“T perio_d'ﬁhe Chow test rejects the
0.171% of RHS and 0.141% PI. This implies that the noRyll hypothesis of identical parameters across subsamples.

informational component accounts for 55% of the EHS. Thfence, there is a decrease in the price pressure exerted by the
t-test computed on the difference between the EHS and Piriging activity after REMIT.

significant at 5% significance leveéllonparametric sign tests
for the differences between medians and between quartiles of
EHS and PI also reject equaliffhat is, the distributions of

Tht = AnSn,t + Unts

V. ESTIMATION AND EMPIRICAL RESULTS



TABLE 1. SPEARMAN’S CORRELATION COEFFICIENTS BETWEEN price impact’}\q which showa positive association between
LIQUIDITY MEASURES ANDTRADING ACTIVITY VARIABLES -
NBP one-month ahead forward price returns and dider,
Variable EHS RHS PI No. Trans. thus corroborating previous findings from financial markets
RHS 0,642 e.0.[40]. Thus, the gradual decrease in this association over
the period 2010-13 would imply lower immediacy cost and

* | * . .
P 0.54r 0.160 greater depth and resilience in the NBP one-month ahead
No. Trans. 0.009 0.145* -0.101* forward market, possibly driven by lower demand and high
Trad. Vol. 0.011 0.163* 0120+ 0.796+ inventory, which reduced trading activity in the period.
he tabl arman’s cotrelation coefficients ctive half- d , realized
R St 15 e o (6, e 1 s of T ar vaang v ed. TABLE V. PRICEIMPACT MEASUREA. IN THE PRE- AND POSFREMIT
Vol). ** denotes significance at 5%. EVENT
Event Constant A R2
oy e Pre-REMIT | 0.469* (0.235) | 0.090***(0.01) 0.291
kl\ —— Post-REMIT | -0.228 (0.183) | 0.076***(0.006) 0.228
e ‘\m i - " The table reports estimate ottprice impact measure A in the pre- and post-REMIT events. ***, **, *
e Ty : i = denote 1%, 5% and 10% significance level, respectivelydStdrerrors are reported in brackets.
e Tl
- During 201314, NBP saw a drop in physical deliveries, in

favor of the TTF hub49] and a progressive shift of traders
from the OTC to exchange Thus,in 2014, the premium of
oil-linked contracts over hub prices in Continental Europe
was a strong incentive for buyers to buy from hubs, in

Figure 2 Rolling estimates of piiogact measurg

TABLE IIl. DAILY LIQUIDITY MEASURES IN THEPRE- AND POST- anticipation of higher volumes to be taken at lower oil-
REMIT EVENT indexed prices, following the drop in oil-prices (July 2014
Liquidity _ This likely behavior together with the gradual exit of
measure | Mean St.Dev. Qs Median Qs investors from the commodities markeisbserved since
Pre-REMIT, Obs.=413 2013 might have contributedo the increase in price
EHS 0.302 0.209 0157 0.258 0.396 pressure, and in turn to reduce liquidity during the second
half of 2014.
RHS 0.169 0.173 0.062 0142 0250 No evidenceof significant change liquidity after REMIT
PI 0.140 0.160 0.045 0.111 0.194 is found in the data, thus implying neither deterioration nor
Post-REMIT, Obs.=754 improvement in the competitiveness and efficiency of the
EHS 0317 0.230 0.177 0.260 0.395 NBP one-month forward market. However, the measures of
spread and price impact indicate higher volatility since
RHS 0173 0193 0.083 0-144 0-236 REMIT. Although increases in volatility may be reasonably
Pl 0.140 0.135 0.065 0108 | 0202 |  explained by the decrease in the trading activity over the

The table reports descriptive statistics of the dailyetimeighted liquidity measures in the pre- and period |t may a|SO I’eﬂeCt the |Owel’ frequeno;/investors in

post-REMIT events. For each measure, mean, standard idev{&t. Dev), lower quartile (%),

median and upper quart@-¢) are shown. the marketHigher administrative costs may have not directly
affected liquidity, but may have increased its variability
VI. DISCUSSION AND CONCLUSIONS The findings of this study are limited to the share of market

here analyzed. Furthermore, the dataset does not discriminate
tween commercial and financial investotajstthe impact
REMIT on different trade types cannot be assessed.
Vertheless, the present study illustrates the usefulness of
uidity measures from financial markets to describe changes
liquidity in physical markets, in particular, natural gas

From Table Il, the higher and positive correlation betwe
the effective half-spread and the realized half-spread Jp
relation to the price impact measure, Pl, suggests that chaqqg
in liquidity appear to be more associated with inventorysco
than asymmetric information. This result is also supported

the higher and positive correlation between realized h arkets. In this respect, the price impact meashirehas

_spread an_d trading activity. Hence, fac?ors mfluencn}gelped to link trading activity to price returns, thus enabling
inventory risk and order imbalances play an important role by

T N . . e assessment of the depth and resilience of the &NBP
explaining liquidity, with implications for hedging decision onth ahead forward market. Such aspects cannot be captured
likewise inventory decisions and storage value, being t

9 the churn ratio, thus making this measure valuable t

natural gas a storable_ commodi_ty. o ... regulators when monitoinEU market qualitymanly after
It also appears that higher trading activity reduces liquidity {Re disclosuref transaction data following REMIT.
the NBP one-month ahead forward market. One possible

interpretation of this finding would be that trading activity ACKNOWLEDGMENT
reduces dealers’ inventory positions, thus increasing the cost

of immediacy. This would be in line with the estimates diVe are grateful to Tullett Prebon Information, in particular to
Abigail Lee and Matt Joy, for making the data available to
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this study.We would like to thank the reviewers for theif22 H. R. Stoll,“The supply of dealer services in security matketsurnal
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