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Abstract 
This paper discusses volatility spillovers between the French, German, and British electricity markets. We 
show that a TGARCH model with t-distributed error terms is able to capture the characteristic volatility 
clustering and excess kurtosis of the electricity market. We analyse the effects of shocks to the conditional 
volatilities using a VAR framework. Shocks to volatility are persistent within each market. We document 
significant spillovers from France and the United Kingdom. The German market does not transmit volatility 
to France or the United Kingdom. The evidence is backed by differing electricity mixes and capacity 
utilisation.
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1. Introduction
European electricity markets are changing. As set out by the objectives of the European parliament 
and council, regulators aim to eliminate restrictions on trade in electricity between member states, 
including developing appropriate cross-border transmission capacities to meet demand and enhance 
the integration of national markets.1 In addition to these policy measures, the need to reduce carbon 
emissions for a sustainable future is transforming the way electricity is produced. The growing share of 
renewable energy sources in the electricity mix as well as the lack of substantial storage facilities, lead 
to ever more complex supply dynamics. In light of these developments, it is of crucial importance to 
regulators as well as practitioners to understand how shocks are propagated through the network.

The topic of this paper is to shed light on how volatility shocks are propagated through the European 
electricity market. On the one hand, increased integration and cross-border linkages facilitate the 
transmission of price effects to other countries dampening the effect on domestic markets. On the other 
hand, increased exposure towards the supply and demand conditions in neighbouring countries might 
amplify market reactions. Therefore, it is not clear apriori how the system will react, especially bearing in 
mind the different ways, electricity is produced across Europe.

This article develops a framework for the subsample of the French, German, and British electricity markets. 
First, we use a Generalized Autoregressive Conditional Heteroskedasicity (GARCH) model to estimate 
the conditional volatilities for each market, separately. Then, we apply a Vector Autoregressive (VAR) 
model on the volatilities and use the impulse responses to estimate the propagation of a volatility shock 
throughout the three markets.

The main results of our analysis are twofold. First, we show that a TGARCH model with t-distributed error 
terms is able to capture the volatility dynamics of electricity markets, including volatility clustering and 
excess kurtosis [10]. Second, we find evidence of volatility spillovers within the VAR framework that predicts 
volatility flows from the British to continental markets, as well as from the French market. Surprisingly, there 
is nearly no spillover from Germany to France.

Our work sits within the literature on volatility spillovers, as studied for equities [1], exchange rates [6], 
bonds [2], as well as commodity markets [7]. The methodology used for the electricity market includes 
multivariate GARCH models to analyse Australian spot markets [13], regime switching models which 
can generate long memory in each of the regime states [4], and applications within a VAR framework 
[5]. Through a flow tracing algorithm it is also possible to disentangle cross-border flows into net flows 
between all nodes in the network [9].2

2. Data & Summary Statistics
We obtain the daily electricity price series for the one month ahead futures from Marex Spectron for 
France, Germany, and the United Kingdom. Our sample comprises five years of data from May 2014 to 
May 2019. Figure 1 shows the price series in e/MWh for the three markets. We observe volatility clustering 
as well as seasonal differences. During summer times prices are relatively close to each other, while in 
winter times French prices are much higher than British which are again higher than German prices. We 
also note the large spike in French electricity prices in 2016/17 due to severe nuclear plant outages.

1 See Directive (EU) 2019/944 of the European parliament and of the council, Article 58(c) http://data.europa.eu/eli/dir/2019/944/oj.
2 For brevity, we refrain from a comprehensive literature review here, and refer the interested reader to [12].
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Figure 1: Price Series for French, German, and British Electricity Futures

Table 1 provides summary statistics for the daily return series and gives a first indication of the differences 
between the markets. The French market is the most volatile with an annual volatility of 71%, while the 
standard deviation of the German and British market is considerably lower at 46% and 37%, respectively, 
but still much higher than most commodity markets [8]. Further, we find substantial excess kurtosis, 
indicating a fat-tailed distribution of returns [10]. 

Table 1: Summary Statistics on Daily Returns

An unconditional correlation of 0.76 reveals a strong relationship between the German and French 
market, while the British market is less, but still strongly correlated with the continental markets at 0.53 
(France) and 0.50 (Germany). The rolling 90-day correlation between the returns depicted in Figure 2 
confirms the observations from the price graph in Figure 1. Correlations are strongly seasonal between 
the UK and continental Europe, reaching as high as 0.8 during winter, and falling close to 0 in summer. 
The Franco-German correlation also experiences seasonality, but with much lower amplitude. 
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Figure 2: Rolling 90-Day Correlation between Electricity Returns

Another important difference between the three markets is how electricity is produced, as the various 
energy sources can shape how the national markets are affected by changing conditions. Figure 3 
shows the electricity mixes of 2017, i.e., the proportion of different sources in electricity production for 
each country [3]. While France is heavily relying on nuclear power generation (79%), the British electricity 
mix is more dependent on natural gas (71%). The German mix however is more diverse with two thirds 
coming from coal and renewable sources, and 17% from nuclear sources.

Figure 3: Electricity Mix 2017
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3. Volatility Modelling
To obtain a series of volatilities, we apply a Threshold Generalised Autoregressive Conditional 
Heterosekdasticity (TGARCH) model for each series of returns [14]. This way, we can account for the 
leverage effect, i.e., the different effects of positive and negative returns on volatility. Further, we allow 
the error term to be t-distributed to account for the excess kurtosis documented in the previous section. 
Thus, the model can be formulated as

where Equation (1) is the mean equation for the return , including an intercept , and the error term . The 
error term in Equation (2) is defined as the product of a series of independent identically t-distributed 
variables, , with parameter, , and the conditional volatility, . Lastly, Equation (3) is the variance equation 
with the indicator variable , which equals 1, if  < 0, and 0 otherwise, an intercept , and the coefficients, , 
, and , for the past error term, the past variance, and the leverage effect, respectively.

The results of the estimation are presented in Table 2 with regular standard errors from maximum likelihood 
estimation in parentheses and robust standard errors in square brackets. Further, we report the p-values 
on a weighted Ljung-Box test, and an adjusted Pearson goodness-of-_t test. Statistical significance is 
measured with respect to the robust standard errors and indicated by *, **, and *** for the 10%, 5%, and 
1% level, respectively.

For all three time series, the Weighted Ljung-Box test does not reject the null hypothesis, that there is 
no autocorrelation between the standardized residuals, hence supporting the choice of model to 
incorporate the persistence of the volatility series. Further, the null hypothesis of an adjusted Pearson 
goodness-of-_t test, that the empirical distribution of the standardized residuals equals the theoretical 
one, i.e., a t-distribution with parameter _, is not rejected in any of the three cases. Therefore, the model 
also captures the fat-tailed distribution of electricity returns. 
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Table 2: TGARCH Estimation Results

The coefficient estimates in Table 2 show strongly significant ARCH and GARCH terms in all three markets, 
while the leverage effect is only significant in the German market. The resulting series of conditional 
volatilities is presented in Figure 4 along with the series of returns.

Figure 4: Daily Returns and Estimated GARCH Volatility

4. Vector Autoregressive Model Specification & Estimation
Having constructed the series of volatilities, we now aim to model the interconnections between these 
series. To detect how volatility is spilling over from one to another market, we use a Vector Autoregressive 
(VAR) model [11]. This allows us to track the effects between the three countries in a parsimonious way. 
For a VAR model to be applicable, the underlying time series need to be stationary. This is confirmed 
as an augmented Dickey-Fuller (ADF) test including a constant rejects the null hypothesis that the series 
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contain a unit root at the 5% level for each of the three time series.

Next, we specify the lag length with respect to the Schwarz information criterion, which suggests an 
optimal lag length of 1. Further, we allow for a time trend and a constant in the VAR(1) model, i.e., we 
can write the model as

where  is the vector of volatilities at time t,  is a 3x3 matrix of coefficients,  is the vector of intercepts,  the 
vector of time trends, and  is the vector of error terms.

Table 3: VAR Estimation Results

The results of the OLS regression of the model in Equation (4) are presented in Table 3. We find an adjusted 
R2 above 90% for all three series, i.e., the model is able to explain more than 90% of the variation in 
volatilities. The autoregressive parts for each series, i.e., the diagonal of the matrix A, are all significant at 
the 1% level with values close but smaller than 1 indicating strong persistence.

5. Impulse Responses & Interpretation
A great tool to analyse the results of a VAR model is to study the impulse response functions. These can 
be easily derived from the estimated model and provide a recursive version of how a one standard 
deviation shock to the volatility of one market affects the other markets on subsequent days. Before we 
interpret the results, we discuss the different supply and demand markets. In terms of demand, the three 
countries under investigation are very similar, as they are highly developed economies. However, it is 
to mention that the German economy consumes the most energy with 322 million tons of oil equivalent 
(Mtoe), followed by France (256 Mtoe), and Britain (185 Mtoe). Furthermore, the Mediterranean climate 
in France can lead to higher demand in summer due to cooling and air conditioning.

For the supply side, we have to keep in mind the different electricity mixes of the three countries as 
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depicted in Figure 3. France, which is a net exporter of electricity, produces 80% of its electricity in 
nuclear power plants. Therefore, the supply is nearly constant over the year, only affected by unplanned 
outages. Britain and Germany, in contrast, produce a significant amount of energy from renewable 
sources, such as wind, solar and hydro, which show strong seasonal pattern. Moreover, winds over 
Germany and the UK tend to be correlated. The electricity mix is complemented with coal (Germany) 
and gas (UK) fire plants, that have a considerably smaller start up time than nuclear power plants, 
allowing for more flexibility.

Figure 5: Impulse Responses

Figure 5 presents the impulse response functions and 5% confidence intervals (shaded area) for 126 
days. The first panel shows the effect of a shock to the French volatility on the French, German, and 
British volatility in the following days. We find that French volatility remains high for the following days, 
decaying exponentially. The same effect can be observed for the German and British market at a 
lower magnitude. This behaviour is well covered by market mechanisms, due to the low flexibility in 
French electricity production from nuclear energy, a shock to volatility, e.g., from rising prices, will affect 
both neighbouring countries through cross-border linkages as exports are less attractive. A subsequent 
increase of domestic production in Germany and Britain, can then lead to a price effect, increasing 
volatility in German and British markets.

The second panel of Figure 5 depicts the market reaction to a shock in German volatility. While we 
observe a similar pattern for the domestic market with an exponentially decaying positive effect, the 
neighbouring country, France, is not significantly affected, while the British volatility jumps only by a 
fifth of the magnitude. A possible reason for this phenomenon is the declining capacity utilisation in 
the electricity sector, that allows for domestic supply to absorb shocks by increasing or decreasing 
production.3

This leads to higher volatility in Germany, but less transmission into other countries. The last panel of 
Figure 5 displays the effects of a shock to British volatility. Again, we find a strong domestic reaction 
with exponential decay. The effect spills over to both, France and Germany, with the French market 
absorbing a larger part. This is a reasonable result, as France is by far the biggest economy with an 
electricity transmission link to the United Kingdom. There is also a transmission of volatility to the German 
market at a lower magnitude. What is rather surprising, is that the transmission is not instant, but reaches

3 Capacity utilisation has dropped from over 50% in 2006 to less than 35% in 2017, see https://www.dbresearch.com/PROD/RPS_EN-
PROD/PROD0000000000495243.pdf. This trend is accompanied by an increasing standard deviation of the capacity utilisation for 
natural gas and coal.
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 its peak only after several days.

A severe limitation of our model is of course, that it does not incorporate all the other countries that 
the volatility could spill over to, which includes 9 countries in the case of Germany, 4 for France, and 3 
for the United Kingdom. Further, we do not distinguish between demand and supply shocks which can 
have very different dynamics for the three countries. For future research, it would also be interesting to 
differentiate between the winter and summer season, as the electricity mixes fluctuate throughout the 
year, mainly due to renewable sources.

6. Conclusion
Concluding we can say, that a TGARCH model with t-distributed error terms is able to explain the volatility 
dynamics of European electricity markets. Further, a VAR framework provides plausible impulse response 
functions covered by market mechanisms on how volatility shocks propagate through the European 
electricity network. This work further motivates a more detailed analysis of supply and demand shocks 
as well as a separate analysis for the winter and summer season. Lastly, it would be interesting to see 
whether the incorporation of exogenous variables could further improve the models.
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