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Overview of the market

• the non-stockability of electricity prevents the producer from
producing electricity before it will be delivered   

• Physic risk [system failure] if electricity production does not 
equalize electricity demand  

•We have worked on the 5 PM hour spot price between the
01/01/2001 and the 11/9/2005 because it exhibits all the
features of the electricity demand and supply
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Electricity demand

• demand is linked to two main factors : temperature and
calendar that drive electricity consumption

• heating and cooling effects
• economic activities decreasing during holidays and week-ends

• It induces two main seasonalities on demand : annually and
weakly seasonalities 
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Electricity supply

Different power plants :
• Nuclear plants, Coal plants, Gas plants, Fuel, 
• Windmill
• Hydro-power

Main factors that influence the electricity supply :
• Combustible costs and combustible availability
• Wind-speed
• Reservoir level and inflow
• Production  unit availability is not uniform due to units servicing or physical 

problems   

Seasonalities exist in :
• Production unit servicing   
• Speed of wind
• River inflows
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Supply and demand equilibrium

Factors influencing both demand and supply influence prices
Price seasonalities come from demand seasonalities and supply 
seasonalities

Wind, Nuclear coal gaz Fuel
Hydro

quantity

Price Demand
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2
Main features of the series
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Main features of the serie

EEX spot market

Spot price: 24 daily prices

Focus on prices for delivery at 5 PM (peak hour)

Main features 
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The 5 PM hour spot price serie 

Increasing trend, extreme values, multiplicative scheme 

Take the logarithm to symetrize the serie and get a 
additive scheme
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The 5 PM hour spot price 

Some statistics : the serie is not normally distributed

density is skewed (on the left) and posseses fat tail
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The 5 PM hour spot price

Presence of weakly seasonality in the log of price
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Main features : trend

Presence of an increasing trend

The annually trend seem to evolve between the years
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Main features : yearly seasonality

• mean of months are very distincts

• we have the same global shape every year
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Main features : yearly seasonality

• There exists the same factors that drives the monthly trend in 
the same direction

• But the way this trend is followed is not unique. 

• We can recognize the demand and supply effect of 
temperature, servicing, lighting…

.
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Main features : weekly seasonality

• the distribution seem to vary accross days

• mean acroos days are not the same, neither do the variances of each day  

.
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Main features : weekly seasonality

•The correlation between days prices are high

• This can be interpretated by the existence of factors that drive together an 
important part of the weekly dynamic . 
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Main features : complex volatility

•The return log(P(t+7)/P(t)) seems to be enough stationnary for standard 
stochastic process 

•It exhibits volatility clustering.
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Main features : complex volatility

The volatility seems to decrease.

It may reveal the lack of market maturity 
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Main features : extreme values

•There are some extreme values that are due to specials dates, as official holliday,

•These extreme values are due to the sensible nature of the market and to peaks 
in demand induced at official hollidays

•These values may influence the estimation : one way is to replace these values
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Main features : persistence of schocks on the week

•The week scheme does not seem to be erased by a simple regression

•The k difference variance cumulative graph is dincreasing is increasing on a 
period of 10 weeks. It seems that the prices evolve as a random walk of pulsation 
7 days. 
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3
Proposition  of a model
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Proposition of a model

Ad hoc methodology

Models specification of these methodology

The ARIMA framework

Efficient Seasonal Unit root Test
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Proposition of a model : Ad hoc methodology

• The exponential weighted moving average

•We assume :

•The coefficient allows to provide more weight to the last observations of the process. 

•The prevision only use the mean of the process, but this mean is calculated « locally »
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Proposition of a model : Ad hoc methodology

• Holt winters methodollogy to include trending local evolution :

•Here a trending term is added, and the mean is calculated simultaneaously on the trend and 
the constant

•This specification accept local evolution of trend
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Proposition of a model : Ad hoc methodology

• Holt-Winters with seasonnally adjustment : 

• Three constants are used to capture trend, level and seasonnality  

•
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Proposition of a model : Models specification

• State space model

•Measure equation

•State equation:

• Filtration:

• One step ahead Forecast

• Quadratic error term of forecasting of the factor:

•

•Variance of the h step forecast predictor : 
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Proposition of a model : Models specification

• State space model

•Computation of one step predictor

•Actualisation equation:
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Proposition of a model : Models specification

• A filter is in stable state if :

•Under some assumption on the Transitions matrix :
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Proposition of a model : Models specification

• Example the random walk plus noise :

•We get the relation in the stable state of the filter: 
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Proposition of a model : Models specification

•This model gives assumption on the process to justify use of exponential 
smoothing

• Kalman filter can be estimated by MLE so we can get all the parameter to 
estimate the smoothing constant

•Test procedure for the value of the constant is possible, assuming that the 
process is generated by this type of DGP

•We can see here limit of the exponential smoothing : the type of dynamic its 
assumes may be poor.

•It is possible to extend this type of model, to reconstruct by the same procedure 
the model that genrerate Holt Winters model with trend and seasonnalities 

•Cleveland and Tiao (1976) shows that this type of model can not be used for 
clasical series, even if it works well on lots 
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Proposition of a model : the ARIMA framework
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Proposition of a model : economic explainations

• All the process we define above were ARIMA. But hey were constrained in the 
class of ARIMA process. 

• Is our process integrated to all the pulsation, not, or  only one of them ?

• As we have seen above, the ARIMA framework is a natural framework to work in.
It is indeed general, and by some aspect intuitive (see above)

• We have to work in for more pratical reason : because of the possibility to 
construct powerful test for the presence of unit roots.  

.Should we difference the serie ie work on X(t+7)-X(t), or project the serie on sinus 
and cosinus of the pulsation, for some pulsation ?
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Proposition of a model : Efficient Unit Root test

• Because of the complexity of the autocorrelation that a stationnary process may
have, litterature constructed tests for testing unit root. 

•Here, we consider the model :

Properties of the innovation process
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Proposition of a model : Efficient Unit Root test

•
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Proposition of a model : Efficient Unit Root test
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Proposition of a model : Efficient Unit Root test

• Here the process is autocorrelated :there is existence of nuisance parameter
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Proposition of a model : Efficient Unit Root test
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Proposition of a model : Efficient Unit Root test

•



56

Proposition of a model : Efficient Unit Root test : no 
constant

•
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Proposition of a model : Efficient Unit Root test : 
constant unknown

•
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Proposition of a model : Efficient Unit Root test : 
constant + trend

•
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Proposition of a model : Efficient Unit Root test : 
constant + trend

•
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Proposition of a model : the specification

• We propose to specify the model of log prices as :

•N(t) will capture trend and annually seasonality in a flexible way 

•M(t) capture the weekly seasonalities

•The residuals capture short-term uncertainty
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Proposition of a model : Results
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Illustration on the serie

•Ici sont représentées les valeurs sur la première année de la série des prix 
spots de la 17ème heure différiencée  
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Result of test :problem of stability
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