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Abstract—Trilateral Market Coupling (TLC) was launched in 

November 2006 in Belgium, France and the Netherlands. The 

initiative results in a sharp decrease of hourly price differences. 

This paper analyses whether the price convergence obtained, also 

reduced price volatility. Evidence for a significant price volatility 

reduction has only been found on APX. One possible explanation 

is given by introducing the volatility reduction potential based on 

the non- simultaneous occurrence of shocks. 

I. INTRODUCTION 

rice volatility refers to the fluctuations of the price of an 

asset observed over a period of time. The spread of these 

fluctuations is a measure of the uncertainty of the future 

price. Whereas price volatility is related to the likeliness of 

any possible outcome, the price risk is more likely associated 

with an undesirable outcome.  

Power markets are often said to be volatile, especially if 

hourly prices of power exchanges are considered. The 

volatility of power exchange prices has different drivers. 
These driving elements induce supply or demand shocks. The 

more abrupt a shock, the stronger the effect on the price level 

may be. The most pronounced shocks result in a sudden and 

extreme price increase or decrease, referred to as a spike. 

In Europe day ahead trade is typically organized nationally 

by local exchanges. Arbitrage between exchanges has been 

possible for many years. Despite this possibility, price 

divergence often still remained, even in unconstrained cases. 

To solve this inefficiency, there is a tendency towards a 

coordinated clearing of exchanges. The resulting price 

differences, plotted in Fig. 1 between APX and Powernext, 

confirm a sharp increase in the frequency of hourly price 
convergence after the coupling of the markets.  

 
 

 
Although there was only price convergence in less than 1% 

of the cases before TLC, this level skyrocketed up to 60% 
after market coupling. This sharp increase in price 

convergence is the most prominent illustration of improved 

arbitrage. 

Knowing that the market coupling has increased price 

convergence, it is the contribution of this paper to study the 

extent to which market coupling, also reduced price volatility. 

An overall price volatility reduction could be expected to the 

extent that supply or demand shocks on the different 

exchanges, as the result of volatility drivers, do not occur 

simultaneously. This concept is referred to as the volatility 

reduction potential. 
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Fig. 2. Price differences between APX and Powernext 

 
Fig. 1. Price differences between APX and Powernext 
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Market coupling is done by Nord Pool Spot in the Nordic 

market, by APX, Belpex and Powernext in the Central 

Western European market and by Omel in the Iberian market 

MIBEL  [5]. Only in Central Western Europe however, APX 

and Powernext operated independently, already before the so-

called Trilateral Market Coupling (TLC) initiative. This 
substantiates why a meaningful pre/post analysis can only 

performed for APX and Powernext. Belpex was founded at the 

launch of TLC in the end of 2006. 

The next section describes volatility with an outline of 

different volatility drivers and an index to measure volatility. 

This is followed in section three by stating the importance of 

the volatility reduction potential, based on the moment of 

extreme prices. After this the price volatility evolution due to 

the market coupling, the impact is calculated in section four, 

upon which a conclusion is drawn in the final section. 

II. VOLATILITY 

A possible evolution in price volatility after the trilateral 

market coupling is investigated. Therefore it is necessary to 

first briefly describe volatility and its drivers and afterwards 

specify how this volatility can be measured. 

A. Volatility and its Drivers 

As indicated in the introduction volatility quantifies the 

degree of uncertainty on future electricity prices. This price 

tends to be far more volatile than that of other commodity 

markets [12] as illustrated on Fig. 3 for Powernext. Even 

though a remarkably volatile price pattern can be seen from 

2002 until the end of the first year of TLC, even for the daily 

average prices. Fig. 3 shows that also with the softened 

average prices, several times the €100/MWh level is crossed. 

The top-bottom vertical line indicates the launch of TLC in 
November 2006. 

Power exchange price volatility can, among others, be 

driven by technical, economic and seasonal characteristics. 

Volatility drivers induce shocks, causing a shift of the supply 

or demand curve and a following price impact. Most often, it 

is linked with the non-storability [14] or the grid restrictions 

and its reliability [12]. On top of that, the authors in [4] and 

[12] respectively refer to diurnal patterns and weather 

conditions. Possible reactions by the transmission system 

operator to soften the impact of a volatility driver by 

disconnecting load or dispatching cold reserves, will not be 
considered. 

Although it is not the authors’ intention to give an 

exhaustive list of the different volatility drivers with the 

induced shocks, it is important to acknowledge that these 

could occur both simultaneously or non-simultaneously. This 

distinction is stressed in section III in the context of the 

volatility reduction potential. 

B. Measuring Volatility 

Therefore, price volatility has different drivers. Strong price 

volatility has also been illustrated in Fig. 3.  

 

 
To perform an objective volatility comparison, it is 

necessary to be able to measure price volatility. Price volatility 

is often measured as the standard deviation of logarithmic, in 

[15] applied on Omel, or arithmetic returns. The author in [11] 

explains his preference for the logarithmic return and even in 

[13] the authors use the logarithmic return and refer to it as the 

historical volatility. This standard deviation could however be 

fully dominated by the return as a result of one single extreme 

upward or downward spike. Two curves are plotted in Fig. 4 

to illustrate the possible dominating impact. The curve 
“Powernext” shows the volatility based on the commonly used 

logarithmic standard deviation for Powernext for one year1 for 

each hour separately. The second curve “Powernext²” uses the 

same index, based on the same data, except that one day is 

eliminated. Notwithstanding the fact that only one day is 

eliminated, this has an enormous effect on the first six and last 

two hours.  

After elimination, the calculated standard deviation 

decreased by a factor two in the mentioned morning hours and 

even by a factor four in late night hours from above 0.6 to 

below 0.2. This sharp deviation is the impact of low prices on 

Powernext on April 28th 2007. Prices tumbled below €1/MWh 
for the hours mentioned. As a consequence, the authors 

conclude not to use this index in this paper. 

This problem can be solved by the daily velocity (DV) 

index, calculated in [13] to quantify price uncertainty. In [3] 

the authors use the velocity concept together with the 

abovementioned standard deviation to compare 14 liberalized 

markets. Price differences are divided by the daily average 

(DA) price instead of the previous price level as in the 

logarithmic return calculations. The impact of a single 

extremely low or high price level is strongly reduced. 

( ) ( )

( )
t

P t P t t
DVDA

Daily Average of P t

− −

=

      (1) 
Although the dominating impact of extreme price levels is 

softened, they still strongly influence the calculated price 

velocity. However this is not a problem as these price levels 
remarkably deviate from the average price level, which must 

be reflected by a volatility index.  

 
1
 The First year of TLC is used from November 22th 2006 until November 

21th 2007. This includes 365 prices for every hour. 

Fig. 3. Volatile price behavior of average daily prices on Powernext 

TLC
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III. VOLATILITY REDUCTION POTENTIAL 

Preceding section enumerates drivers and an index to 

measure volatility. The volatility drivers induce a supply or 

demand shock with a resulting impact on the price level. It is 

important to see a shock as the cause and the price effect as 

the result on the power exchange. This section stresses the 

importance of moment of occurrence of shocks on different 

exchanges. Based on the non-simultaneous occurrence, a 

volatility reduction potential is found. 

A. (Non-) Simultaneous Shocks 

Shocks may occur simultaneously or not. Simultaneous 

shocks on different exchanges are the result of correlated 

occurrence of volatility drivers (for instance a cold spell in 

Western Europe). On the other hand, non-simultaneous shocks 

can be seen as the result of uncorrelated occurrence of 

volatility drivers (for instance a national holiday). Fig. 5 

illustrates the concept of shock occurrence for prices on 

Powernext (left) and APX (right) for July 2006 as an example. 

Three full lines point out three shocks that occur 

simultaneously. On the other hand also shocks can be found 

that do not occur simultaneously (encircled in Fig. 5). 

In a real situation, seasonal volatility drivers often occur in 

correlated order and technical volatility drivers such as sudden 

plant outages or interconnection failures will happen in an 

uncorrelated order.  

Due to the uncorrelated nature of a volatility driver, a shock 

does not happen simultaneously on different exchanges. As a 

result, the price impact on one exchange can be compensated 

by another, unaffected exchange. Further in this paper, only 

simultaneous or non-simultaneous shocks are discussed. The 

fact whether or not volatility drivers occur in a correlated way 

is no longer addressed explicitly, but considered as the 

underlying influence. 

If sufficient transfer capacity is available, prices of coupled 

power exchanges converge. In case of a very large price 

difference between exchanges, the price difference is only 

reduced until the transfer capacity is fully used. This situation 

is in contrast with the inefficiency in arbitrage due to time lags 

between the border capacity auctions and the exchanges for 

the Benelux region before TLC [7]. 

The extent to which shocks do not occur simultaneously, 

indicates the opportunities for compensating the price impact 

of such a non simultaneous shock and therefore illustrates the 

volatility reduction potential. Even though the non-

simultaneous occurrence, calculated below, might be slightly 

more difficult to understand than the simultaneous occurrence, 

the first can directly be associated with a price volatility 

reduction potential. 

It is important to distinguish the different characteristics of 

following two extreme price indicators: percentile values and 

spikes. The percentile values report the most extreme prices in 

terms of percentage. First a percentage level is chosen. Based 

on that, the price level will be given above which the other 

extreme prices as a percentage of all observed price levels can 

be found. The price level only crossed in 1% of the cases 

refers to the 99% percentile value. It thus happens 87 hours 

out of 8760 per year. As a result, the percentile value differs 

most of the time for different exchanges (Fig. 5). As an 

example, a percentile value 99.5% is calculated, referring to 

the 43 highest price levels. The price rose for 43 times above 

€305/MWh on APX and above €207/MWh on Powernext, 

indicated by the dashed horizontal line.  

The spikes index on the other hand is based on a fixed, 

arbitrary chosen price level and counts how often the price 

level on the exchanges crosses the particular price level. This 

Fig. 4. Volatility impact with or without extreme observation 

 
Fig. 5. (Non-)Simultaneous shock occurrence on Powernext (left) and APX (right) – July2006 
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is illustrated by the dotted line for the arbitrary chosen 

€500/MWh level in Fig. 5. Analogous lines can be drawn for 

the lowest price levels.  

The market resilience, used as a liquidity measure to 

indicate the price impact of a supplementary order, could also 

give an idea of the volatility reduction potential. Since market 

resilience is only analyzed by Belpex and Powernext, the 

potential can not be compared between APX and Powernext. 

The impact of a supplementary order is however expected to 

be larger on a smaller market. As a consequence, a larger 

volatility reduction potential after market coupling is expected 

on the smaller exchange. 

B. Non simultaneous occurrence of percentile values 

The volatility reduction potential is first illustrated in 

TABLE I by the percentage of non simultaneous occurrence of 

the most extreme price levels. This corresponds to the number 

of hours when the price exceeds a level calculated in terms of 

percentage simultaneously, divided by the total number. As 

mentioned above, this total number equals for both exchanges 

e.g. 87 for 99th percentile value. One table of non simultaneous 

occurrence is therefore calculated for both exchanges and no 

distinction can be made between APX and Powernext. A 

higher percentage is considered to result in a higher potential 

to reduce volatility. 

From 2002 until 2006 i.e. pre TLC, the calculated 

percentages are given in TABLE I. Those percentages are on 

average relatively high. All situations with a non simultaneous 

occurrence above 80% are marked. Although this level is 

arbitrarily chosen, it becomes evident that extremely high 

price levels happen less simultaneously than in case of low 

price levels. This suggests that there is a significant volatility 

reduction potential and especially for upward price evolutions. 

C. Non simultaneous occurrence of spikes 

A potential for volatility reduction by market coupling is 

presumed based on the high percentages in TABLE I. It was 

however impossible to make a distinction between the 

potential for different exchanges. The volatility reducing 

potential can also be demonstrated by the non simultaneous 

spike occurrences. Two different percentages are found in this 

case, as the number of non simultaneous spikes is divided by 

the total number of crossing a particular price level, referred to 

as a spike. Since this total number of spikes differs between 

both exchanges, the calculated percentage also differs. 

Therefore, the index also considers the total number of price 

spikes, neglected by the percentile value measure. 

Consequently, it is now possible to calculate a different 

volatility reduction potential for both exchanges. 

The number of non simultaneous spikes, relative to the total 

number of spikes for APX and Powernext respectively, are 

plotted for both up- and downward spikes in TABLE II and 
TABLE III. 0% non simultaneous occurrence indicates that 

each occurring spike also took place on the other exchange. A 

blank space in TABLE II or TABLE III however refers to no 

presence of spikes at all.  

 

 

 
 

It is obvious that the percentage of non simultaneous spikes 

is higher on APX. In 2002 and 2004 spikes above € 250/MWh 

did not occur on Powernext and were therefore 100% non 

simultaneous on APX.  

This phenomenon also took place in 2005 (TABLE III). 

Besides 2005, the percentage of non simultaneous downward 

spikes was also in the other years much higher on APX. 
Therefore, a higher potential for volatility reduction can be 

found on the Dutch power exchange than on Powernext. 

IV. PRICE VOLATILITY EVOLUTION 

The occurrence of the most extreme price fluctuations has 

been investigated to conclude a price volatility reduction 

potential. This section studies the price volatility evolutions 

for APX and Powernext using the suggested method in section 

TABLE I 

NON SIMULTANEOUS OCCURRENCE OF PERCENTILE VALUES 

YEAR 0.1% 0.2% 0.5% 1.0% 99.0% 99.5% 99.8% 99.9%

2002 78% 67% 70% 69% 87% 91% 100% 100%

2003 44% 67% 73% 67% 79% 84% 61% 78% 

2004 89% 67% 45% 48% 91% 95% 100% 100%

2005 33% 56% 52% 52% 70% 80% 78% 89% 

2006 pre 

TLC 
89% 83% 70% 57% 53% 61% 61% 56% 

TABLE III 

APX: NON SIMULTANEOUS OCCURRENCE OF SPIKES 

YEAR # <=5€ # <=4€ # <=3€ # <=2€ # <=1€ 

2002 90% 91% 97% 100% 100% 

2003 84% 81% 88% 87% 87% 

2004 71% 74% 70% 94% 95% 

2005 100% 100% 100% 100% 100% 

2006 pre 

TLC 
88% 95% 98% 95% 100% 

POWERNEXT: NON SIMULTANEOUS OCCURRENCE OF SPIKES 

YEAR # <=5€ # <=4€ # <=3€ # <=2€ # <=1€ 

2002 22% 17% 43% 80% 100% 

2003 44% 44% 48% 50% 50% 

2004 27% 40% 31% 75% 83% 

2005      

2006 pre 

TLC 
31% 50% 75% 50% 100% 

TABLE II 

APX: NON SIMULTANEOUS OCCURRENCE OF SPIKES 

YEAR # >=250€ # >=500€ # >= 750€ # >= 1000€ # >= 1250€

2002 100% 100%    

2003 93% 91% 77% 65% 100% 

2004 100% 100% 100%   

2005 90% 96% 100% 100%  

2006 pre 

TLC 
64% 75% 75%   

POWERNEXT: NON SIMULTANEOUS OCCURRENCE OF SPIKES 

YEAR # >=250€ # >=500€ # >= 750€ # >= 1000€ # >= 1250€

2002      

2003 32% 13% 0% 0%  

2004      

2005 47% 67%    

2006 pre 

TLC 
25% 57% 0%   
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II. Based on the results, conclusions are drawn in section V 

whether or not the potential for a volatility reduction is 

fulfilled. 

An expected and unexpected price velocity can be 

distinguished. The expected price velocity arises from the 

average daily pattern of price velocity (DVDA) (1). It is 

however the unexpected velocity, measured by the standard 

deviation of price velocity that most appropriately indicates 

the price velocity. As can be seen from (1), different ∆t 

interval periods can be considered. An hourly profile is plotted 
for the last four years in Fig. 6 till Fig. 9. Only the interval 

periods ∆t=1h and ∆t=24h are given referring to an hourly 

price velocity with an interval of respectively one hour and 

one day. The pattern for interval periods 24h and 168h (one 

week) are rather similar. 

The first noticeable aspect is that the standard deviation of 

price fluctuations with an interval of 1 hour is on average 

much smaller than with a 24 h interval. Above that, the 

overlapping of the different curves in the morning hours is 

remarkable. Furthermore, the daily load profile can be 

recognized in the velocity standard deviation for the 24 h 

interval for both exchanges with pronounced noon and 
evening spike. 

Comparing the last 4 years standard deviation of price 

velocity decreased significantly on APX since TLC. This 

decrease is most remarkable for price fluctuations based on a 

one-hour intervals. Extreme evening peaks in 2004 and 2005 

in Fig. 6 and both noon and evening peaks in Fig. 7 are 

reduced. A lower price volatility is not found on Powernext 

after TLC in Fig. 8 and Fig. 9. Although the volatility level is 

comparable with previous years, Powernext witnessed for both 

Fig. 8 and Fig. 9. remarkable evening volatility increases. This 

is in contrast with APX data.  
This price volatility increase during the evening is strongly 

influenced by exceptional market circumstances in France 

from end October until November. French total nuclear power 

generation faced an outage of about 20 percent during the 

extremely cold November in 2007. Although volatility drivers 

of technical nature have been considered as uncorrelated, for 

which mutual compensation could be expected, the outage was 

too large so that almost no softening could be seen. These 

circumstances have a strong impact on the French market. 

This is the risk of drawing conclusions based on only one year 

of market data. 

V. CONCLUSIONS 

This paper evaluates a possible evolution in the price 

volatility after market coupling on APX and Powernext. To 

perform this analysis, the most commonly used volatility 

index is extended and fine tuned in order to avoid that only a 

few extreme prices can influence significantly the volatility 

index based on the standard deviation of the logarithmic 

return.  
 

 

 

 

 Fig. 9. Powernext: Standard deviation of price velocity ∆t=24h

Fig. 8. Powernext: Standard deviation of price velocity ∆t=1h 

Fig. 7. APX: Standard deviation of price velocity ∆t=24h 

Fig. 6. APX: Standard deviation of price velocity ∆t=1h 
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A price volatility reduction potential is defined by studying 

the hour of extreme price occurrence, based on the idea of a 

mutual compensation potential. The reduction potential is 

determined generally by the percentile values and by the non 

simultaneous occurrence of price spikes to make a distinction 

between APX and Powernext. A more pronounced volatility 
reduction potential may be expected for APX. 

Finally, a volatility reduction is calculated on APX after 

market coupling. TLC had however no volatility reducing 

impact on Powernext. 

One of the possible explanations for the abovementioned 

contradiction is illustrated, albeit that only one year of data is 

available since the start of TLC. The concept of potential of 

volatility reduction is introduced. It is stressed that supply and 

demand shocks manifest themselves by extreme prices. The 

more shocks occur on one exchange in a more uncorrelated 

order, the more non simultaneous extreme prices appear. Due 

to this non simultaneous nature, there exist an opportunity for 
a mutual compensation performed through arbitrage. This 

explains the differences in potential of volatility reduction, 

apparent on both APX and Powernext. 
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