
Petr Spodniak

LONG-TERM TRANSMISSION RIGHTS 
IN THE NORDIC ELECTRICITY MARKETS: 
AN EMPIRICAL APPRAISAL OF TRANSMISSION 
RISK MANAGEMENT AND HEDGING 

Acta Universitatis 
Lappeenrantaensis 734

Thesis for the degree of Doctor of Science (Economics and Business 
Administration) to be presented with due permission for public examination 
and criticism in the Auditorium 6311 at Lappeenranta University of Technology, 
Lappeenranta, Finland on the 13th of January, 2017, at noon. 



Supervisors Professor Ari Jantunen 
LUT School of Business and Management 
Lappeenranta University of Technology 
Finland 

Professor Mikael Collan 
LUT School of Business and Management 
Lappeenranta University of Technology 
Finland 

Reviewers Associate Professor Olvar Bergland 
School of Economics and Business 
Norwegian University of Life Sciences 
Norway 

PhD Åsa Lindman 
Department of Business Administration, Technology and Social Sciences 
Luleå University of Technology 
Sweden 

Opponent Associate Professor Chloé La Coq 
Stockholm Institute of Transition Economics 
Stockholm School of Economics 
Sweden 

ISBN 978-952-335-046-5 
ISBN 978-952-335-047-2 (PDF) 

ISSN-L 1456-4491 
ISSN 1456-4491 

Lappeenrannan teknillinen yliopisto 
Yliopistopaino 2017 



Abstract 
Petr Spodniak 
Long-term transmission rights in the Nordic electricity markets: An empirical 
appraisal of transmission risk management and hedging 

Lappeenranta 2017 
73 pages 
Acta Universitatis Lappeenrantaensis 734 
Diss. Lappeenranta University of Technology 
ISBN 978-952-335-046-5, ISBN978-952-335-047-2 (PDF), ISSN-L 1456-4491, 
ISSN 1456-4491 

The increasingly integrated European electricity markets enable participants to exploit 
market opportunities and participate in cross-border electricity trading. But, the network 
gets congested because of the scarce transmission capacity, so electricity prices vary 
greatly in time and across geographical areas. Market participants thus need an efficient 
hedging mechanism that limits their exposure to the locational price risks. The hedging 
solutions against the area price differences that originate from interconnector congestion 
are commonly called long-term transmission rights (LTRs). 

This work studies the economics of transmission network congestion in the Nordic 
electricity markets, including the associated risks and alternative LTR mechanisms and 
how to manage them. The Nordic electricity markets are selected as a case study for 
their unique market design and the current regulatory challenge they face with respect to 
efficiency limits identified in their transmission risk hedging contracts, called electricity 
area price differentials (EPADs). In addition to the policy and regulatory motivations, 
the current understanding of derivatives pricing for non-storable commodities, such as 
electricity, is limited. In particular, the interpretation of the systematic bias between 
futures prices and the expected delivery date spot prices, called risk premia, is still 
ambiguous in terms of economic theory. 

This study employs historical data (2001–2014) on electricity spot and futures markets 
and utilizes statistical and econometric methods to empirically assess the efficiency of 
the current Nordic transmission hedging mechanism and to evaluate LTR alternatives 
(FTR and EPAD Combo). Three main findings may be highlighted. First, despite the 
presence of systematic price differences between bidding zones and the reference 
system price, the real economic impacts of these differences are limited. Net-importing 
bidding zones are identified as the most vulnerable to systematic decoupling of prices. 
Second, despite the significant risk premia in EPAD contracts, the study finds that 
EPAD prices are unbiased predictors of the expected spot prices in the long run. Third, 
the study shows that financial transmission rights (FTRs) hedging effects can be 
replicated by combinations of EPAD contracts and that the TSOs theoretically 
auctioning FTR portfolios would need to newly address firmness risks, revenue 
adequacy, and counterparty risks. 

Keywords: locational price risk, hedging, electricity markets, Nordic, risk management 
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1 Introduction 
Energy has been at the heart of the European project since its beginning when the 
supranational European Coal and Steel Community (ECSC) was founded in 1951. 
Today, energy still occupies a dominant role in the EU’s political, economic, and 
security objectives as demonstrated by the desire to unite the energy markets under the 
Energy Union project. However, to reap the anticipated benefits of single electricity and 
gas markets, such as supply security, efficient resource sharing, and emission 
reductions, the core infrastructure and market design for energy transfer must be in 
place. 

In the domain of electricity markets, the importance of electricity transmission is 
manifested in price signals that market participants receive. This is because in addition 
to electricity as a source of energy, market participants also compete implicitly or 
explicitly for the scarce transmission network capacity. The competition for energy and 
transmission makes the main market participants – hedgers and speculators – face two 
separate types of price risks. 

The first is the energy price risk, which originates from excessive volatility of electricity 
prices, as compared to other assets, when power is physically traded in the day-ahead 
and intra-day spot markets. The prices change from hour to hour as electricity supply 
and demand must be in a continuous balance. At certain hours, even small deviations 
can mean large price changes when power generating units with very high or very low 
marginal costs may enter or exit the market. The second risk is called the locational, 
transmission, or basis risk. It is a part of the day-ahead price formation and manifests 
itself as differentials between interconnected areas reflecting the scarcity of 
transmission. 

Both types of price risks can be managed, among others, by trading various types of 
power derivatives that are settled in the futures markets ahead of the day-ahead and 
intra-day markets. The hedging solutions against the area price differences that originate 
from interconnector congestion and day-ahead congestion pricing are commonly called 
long-term transmission rights (LTRs) (ACER, 2012). The two most common LTRs are 
electricity price area differentials (EPADs) and financial transmission rights (FTRs). 

The present work focuses specifically on the economics of transmission network 
congestion and the risks associated with it. This study assesses the current state of the 
Nordic EPAD mechanism, evaluates LTR alternatives, and identifies efficiency gaps 
and possible improvements for the Nordic LTR mechanism. 

Specifically, the work makes four contributions to the current Nordic electricity markets 
theory and practice. First, the work expands the often neglected field of transmission 
risk management and its impacts on market participants in these times of increasing 
European electricity market integration. Second, the work empirically shows that 
systematic price differences and congestion exist for natural reasons, as transmission 
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capacity can never be infinite (if developed economically) even within a single Nordic 
electricity market. The main causes for the congestion are examined. Third, the price 
discovery processes of transmission derivatives and the underlying spot prices are 
studied, the systematic bias between the two is quantified, and the current mainstream 
interpretations of this bias are questioned. Finally, the work’s empirical, longitudinal, 
and comparative nature of the alternative LTR designs provides evidence for Nordic and 
European energy policy makers, regulators, and practitioners to make informed 
decisions in the fields of market design and risk management. 

The next subchapter presents the motivation for this study and defines the research 
focus areas. 

1.1 Motivation and research focus 
The work is inspired by three broader perspectives – theoretical, practical, and political. 
First, the current understanding of locational pricing and its role in the overall efficiency 
of the electricity markets is limited. Even though transmission pricing and its impacts 
on spot markets is a relatively well-researched area, transmission pricing in the futures 
markets is largely neglected by the current research. Studies devoted to market 
efficiency and commodity derivatives pricing have flourished since Fama’s (1970) 
efficient market hypothesis. But, the current research is inconclusive as to whether the 
theory holds for derivatives on electricity, which is a unique and non-storable 
commodity.  

Second, the study is motivated by market participants’ need to efficiently manage the 
locational price risks. With increasingly intertwined European transmission networks 
and falling barriers restricting the international electricity trade, the market participants 
have expanded their operations across national borders. New challenges also come with 
the new market opportunities, in this case, the price differences between different 
bidding zones due to transmission congestion. A market player with power generating 
units in one price region and a customer base in another region needs a reliable and 
cost-effective hedging solution to limit transmission risk exposure. 

The third motivation to study transmission risk management and hedging in the Nordic 
electricity market is the changing European electricity market policy. According to the 
recently approved network code on forward capacity allocation (NC FCA) (ENTSO-E, 
2013) the recommended EU-wide solution for transmission risk hedging is FTRs. 
However, the Nordic electricity markets have been relying on an alternative LTR 
mechanism since the 2000s, called electricity EPADs. However, the legislation 
demands that exemptions to NC FCA are only granted if liquid instruments exist 
(ACER, 2011; THEMA, 2015). 

The European policy challenge stems from three structural differences between EPADs 
and FTRs. First, EPADs hedge the difference between area price and a reference 
“system price” unique to the Nordic market, while FTRs directly hedge the difference 
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between local prices of two adjacent bidding areas. Second, despite both being pure 
financial contracts, EPADs are not directly linked to the transmission capacities 
between bidding areas, whereas FTRs are connected to physical transmission routes and 
capacity. Third, EPADs are auctioned by a commercial exchange, and the market 
participants are each other’s counterparties, whereas FTRs are typically auctioned by 
the transmission system operators (TSOs) taking the selling side of the contract. Despite 
the fact that FTRs auctioned by TSOs provide them with the theoretical/expected 
congestion rent prior to the actual physical transmission in spot markets, the challenges 
of firmness risk, revenue adequacy, and counterparty risks arise.  

Finding the answers to the theoretical, practical, and political challenges just outlined 
requires merging knowledge from three economic market domains – the spot market, 
the futures market, and risk management. Despite the fact that the wholesale electricity 
spot market is not the main focus of this work, understanding the price dynamics of the 
underlying security, that is, locational prices and their differences, is essential. The 
futures market and derivatives pricing of LTRs are the second focus area. The risk 
management domain finally links the two preceding areas of interest because risk-
averse market participants desire effective hedging mechanisms against market risks, in 
this case, the locational price risks induced by transmission congestion. The intersection 
of the three market domains represents the research focus of this study (see Figure 1).  

 

Figure 1 Research focus areas 
 

The following subchapter defines the research objectives and research questions and 
presents their mutual interconnections. 
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1.2 Research objectives and questions 
Motivated by the theoretical, practical, and political challenges outlined above, this 
work’s objectives are the following: 

1. Expand the empirical knowledge on locational price risk management. 
2. Study the uniformity of Nordic spot prices and their determinants. 
3. Examine the price discovery processes and the interrelations of spot and futures 

prices for a non-storable commodity. 
4. Initiate a debate on alternative LTRs for the European electricity markets. 

The first objective bonds the entire work together and involves all the research 
questions shortly presented. The justification is that the theoretical and empirical 
research on the topic of transmission-induced price risks in the electricity markets is 
currently insufficient. Some theoretical (Kristiansen, 2004; Kristiansen, 2004; 
Marckhoff & Wimschulte, 2009) and empirical (Hagman & Bjørndalen, 2011; 
THEMA, 2011; THEMA, 2015) examples dedicated to the Nordic locational price risks 
exist, but a coherent and up-to-date perspective on the topic is missing. 

The second objective is motivated by the underlying desire to unite all the European 
electricity markets, so it is appropriate to question the integrity of a single Nordic 
electricity market made of multiple countries and bidding zones. The integrity here is 
measured by the deviation between the local area prices from the reference system 
price. Area prices reflecting transmission or generation scarcity provide market signals 
for investments in either of the two, so the price disparity should not be systematic. If 
price signals are systematically biased, the investments in generation are biased 
(Holmberg & Lazarczyk, 2015), so market inefficiency is accentuated. The following 
research question and sub-question are thus investigated: 

Research question 1: What are the main drivers of spot price differences 
between area and system prices? 

Research question 1.1: Do significant long-term spot price differences between 
area and system prices exist? 

The third objective is driven by the controversies in the theory explaining the systematic 
bias between futures prices and the expected spot prices. Since the theory of storage is 
not applicable for electricity derivatives, the alternative view splits the futures price into 
an expected risk premium and a forecast of a future spot price (Fama & French, 1987). 
The current research explains the risk premia by risk aversion, hedging needs, term 
structures (Benth et al., 2008), and a multitude of fundamental variables (Weron & 
Zator, 2014). However, whether futures prices are unbiased predictors of the 
subsequently realized spot prices or whether the risk premia are a sign of market 
inefficiency (Borenstein et al., 2008) is of theoretical and empirical interest. An 
understanding of the dynamic relationship between the spot and futures prices can shed 
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light on market efficiency, information transfer between the markets, and the 
effectiveness of the derivatives instrument in question. The following research questions 
are thus proposed: 

Research question 2: What is the long-term and short-term relationship 
between spot and EPAD futures prices? 

Research question 4: Do long-term transmission rights (LTRs) in the Nordic 
electricity markets work for hedging purposes? 

The fourth objective is policy motivated because the recently approved NC FCA 
(ENTSO-E, 2013) gives priority to FTR over other LTR solutions. An exception may be 
granted by the European energy regulators if “[…] appropriate cross-border financial 
hedging is offered in liquid financial markets on both side(s) of an interconnector” 
(ACER, 2011, p. 10). However, the liquidity and overall market efficiency of the 
Nordic transmission hedging solution EPAD has been questioned (NordREG, 2010; 
THEMA, 2011; Hagman & Bjørndalen, 2011; Spodniak et al., 2015; THEMA, 2015). 
For these reasons, it is crucial to clearly understand the strengths and weaknesses of 
each potential LTR solution for the Nordic electricity market before making radical 
overhauls or changes to the current market mechanism. The research question 
addressing this objective is formulated as follows: 

Research question 3: Are financial transmission rights (FTR) the only 
alternative to the current Nordic LTR mechanism? 

In sum, this study attempts to meet four research objectives by answering four research 
questions which are addressed in six research publications (I-VI, see List of 
publications). The interconnections between individual research questions (RQs) and 
the publications that address them are displayed in Figure 2. 
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Figure 2 Research questions, their interrelations, and publications addressing them 

1.3 Prologue to the Nordic electricity markets 
This subchapter provides a brief overview of the Nordic electricity markets, including 
historical development, and of the differences in transmission pricing and congestion 
management mechanisms between the Nordic and the rest of the European electricity 
markets, here called the continental markets. 

The Nordic electricity market is built on technical expertise and political will, which 
enable efficient resource sharing across the Nordic (Norway, Sweden, Finland, and 
Denmark) and Baltic (Estonia, Latvia, and Lithuania) countries. For historical insights, 
see Makkonen et al. (2015). The power generation mix of hydro, nuclear, thermal, and 
wind power annually produces approximately 380 TWh, of which half is from hydro 
and over a fifth is from nuclear power sources. For additional details, see the map of the 
Nordic electricity markets with interconnectors and their respective net transfer 
capacities (NTCs) in Figure 3 Figure 3 (also see NordREG, 2014).  
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Figure 3 The Nordic electricity market with approximate NTCs of transmission interconnectors 
(Nord Pool, 2015) 
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1915 
* First cross-border power line between 
Sweden and Denmark 

1996 
* First European Directive on Internal 
Energy Market in force 
* Nord Pool ASA established as 
Norwegian-Swedish power exchange 

1998 
* Finland joins Nord Pool; seasonal and 
yearly forward contracts with three-year 
horizon in place 

1999 
* Launch of Elbas, an intra-day market for 
balance adjustment; daily futures contracts 
introduced 

2000 
* Denmark joins Nord Pool - the Nordic 
market fully integrated 
* Nord Pool helps to establish Germany's 
first power exchange (LPX) 
* Contracts for differences (CfD) launched 

2003 
* Second European Directive on Internal 
Energy Market in force 
* Euro € substitutes Norwegiean Krone as 
the clearing and trading currency, first 
lauched for one-year contract for 2006 

The transmission network is the backbone of the 
Nordic market, which began its formation in 1915 
with the first cross-border transmission line project 
between Sweden and Denmark. From the 1950s, 
Nordic countries increased the number of cross-border 
transmission lines between the member states as well 
as with continental Europe. The early 1990s were 
characterized by market liberalization, restructuring, 
and deregulation globally pioneered by Norway. In 
1996, a joint power exchange Nord Pool ASA was 
established between Norway and Sweden, with 
additional states shortly following. Finland joined in 
1998, Denmark in 2000, Estonia in 2010, Lithuania in 
2012, and Latvia in 2013. The Nordic market 
development is characterized by multiple milestones, 
such as the establishment of the Elbas intra-day 
market (1999), launch of contracts for differences 
(CfD) in 2000, adoption of the Euro as the clearing 
and trading currency (2006), and acquisition of Nord 
Pool Clearing by NASDAQ OMX (2008). 
Additionally, Nord Pool has also been directly 
involved in design, creation, and evaluation of other 
international power exchanges, such as in Germany 
(LPX) in 2000, France (Powernext) in 2001, Japan in 
2001, Kazakhstan in 2002, Africa (Southern African 
Power Pool) in 2003, Romania in 2005, and the UK in 
2008 (see the outline of the Nordic market’s historical 
development on the left-hand side). 

The European Union has endeavoured to achieve an 
integrated energy market that promotes competition, 
efficient resource allocation, environmental 
sustainability, and security of supply since 1999 
(Regulation (EC) No  714/2009). Despite the EU’s 
efforts to harmonize the European energy markets 
(Energy Packages, Network Codes, etc.), there are 
three relevant differences between the Nordic 
electricity markets and the continental electricity 
markets. The first and second differences concern the 
spot market, whereas the third difference relates to the 
futures market. 

First, the electricity spot price in the day-ahead market 
is discovered in a double auction where the hourly 
bids (buyers) and offers (sellers) for each hour of the 
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next day are aggregated into 24 hourly demand 
(purchase orders) and supply (sell offers) curves. Their 
intersection is the equilibrium hourly price for the 
entire Nordic electricity market, also known as the 
system price. The system price works as a price 
reference for congestion-free grid on an hour-by-hour 
basis. There is no similar system price in the rest of the 
European electricity markets, although sometimes the 
German PHELIX spot is dubbed “the system price” of 
the Western Central Europe (Houmøller, 2014; 
THEMA, 2011). 

Second, both electricity and cross-border transmission 
capacity are auctioned together at the same time in the 
day-ahead market. This congestion management 
measure is termed an implicit auction. Instead of 
pricing the day-ahead transmission capacity explicitly, 
the market is split into predefined geographical regions 
that decouple from the reference system price into area 
prices when the cross-border transmission, allocated by 
TSOs on a daily basis, reaches its limits. The difference 
is that even a single country in the Nordic market can 
be split into multiple bidding zones during congestion, 
which is not the case for the continental market, where 
single spot price per country is calculated. 

To understand the third main difference and the 
interrelations of the differences relevant to locational 
pricing, it is better to outline how the area spot price 
differences are born and handled by the TSOs in day-
ahead auctions. When congestion occurs and the market 
is split into surplus (export) and deficit (import) areas, 
the export of power from a surplus area is treated as 
additional demand (purchase), and the import of power 
into a deficit area is treated as additional supply (sale). 
These factors shift the demand curve in the surplus area 
upwards, raising its area price up, while the supply 
curve in the deficit area is shifted downwards, bringing 
its area price down (see Figure 4). The price difference 
between P and P* is collected by the TSOs and called 
congestion income when multiplied by the commercial 
flow (MW) during each hour. Traditionally, according 
to the EU legislation (EC Regulation 714/2009), TSOs 
retain this regulated income and use it for guaranteeing 
the transmission capacity or investing in new capacity. 

2008 
* Nord Pool Clearing ASA, Nord Pool 
Consulting AS and international 
products of Nord Pool ASA  sold to 
NASDAQ OMX  
* Foundation of NASDAQ OMX 
Commodities 

2009 
* Third European Diretive on Internal 
Energy Market in force 
* Nord Pool Spot implements a negative 
price floor in Elspot, the day-ahead 
market  

2010 
* Estonia joins Nord Pool 
* NASDAQ OMX acquires Nord Pool 
ASA 

2012 
* Lithuania joins Nord Pool 
* Launch of CfD contracts for Estonia 

2013 
* Renaming of  contract for differences 
(CfD) to electricity price area 
differentials (EPAD 

2014 
* European market coupling system 
taken into use 
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If neither of the two is possible, congestion rents can be used to reduce transmission 
tariffs. 

Figure 4 Day-ahead congestion management with implicit auction 

In addition to market splitting and possible restrictions of import/export capacities 
which target the cross-zonal congestion, the TSOs must also manage internal 
congestions. This is done in intra-day markets and imbalance/balance/regulating 
markets where additional congestion management measures ensure that grid security 
and reliability are not compromised. The intra-day market reduces the costs of 
compensation and control energy by allowing the market participants to optimize their 
electricity portfolios and to match counterparts with different production mixes and 
marginal costs in short notice, that is, up to one hour before the hour of operation. The 
imbalanced market further allows the TSOs to counter-trade against the market-settled 
outcomes to relieve short-term internal congestion. At their expense and request, TSOs 
order market participants to make adjustments to production/consumption and 
compensate them via up- or down-regulation prices which represent the estimated costs 
associated with the adjustments (for further details and discussions, see Houmøller, 
2003; Kristiansen, 2004; Holmberg & Lazarczyk, 2015). 

The third difference between the Nordic and continental electricity markets is 
manifested in the way that market participants hedge the locational price risks. As 
outlined above, participants in the Nordic day-ahead spot market receive or pay the 
hourly system price only when there is no congestion in the bidding area they operate 
in. The market participants manage the price volatility in system price by trading system 
price derivatives. But hourly area prices are rarely equal to system prices (see Fingrid, 
2015). Even without the cross-border operations, the market majority of participants are 
exposed to transmission risks needing a separate derivative (EPAD) contract. This is in 
contrast to the continental European electricity markets, where only a single national 
day-ahead area price is calculated for each country with its respective derivatives. The 
next section reviews the most relevant literature on transmission pricing, congestion 
management, and hedging of locational price risk in the Nordic electricity markets.  
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2 Literature review 
The present chapter briefly reviews the fundamental literature in the focus area of this 
work. As a reminder, the study focuses on the locational price risks and hedging in the 
Nordic electricity spot and futures markets. The first subchapter focuses on studies 
dedicated to transmission pricing and congestion management in the spot markets. The 
second subchapter reviews the literature about hedging of transmission risks on the 
futures market. The final subsection visits the theory explaining the dynamic 
relationship of spot and futures electricity prices. 

Before individual subchapters are opened up in detail, some fundamental attributes of 
electricity supply, demand, pricing, and transmission grid must be outlined. Electricity 
has many idiosyncratic attributes that are essential parts of electricity markets and 
unique across all commodity markets (Joskow, 2012; Geman & Roncoroni, 2006; 
Karakatsani & Bunn, 2008). First, electricity cannot be, at the current level of 
knowledge, economically stored,1 so minute-by-minute equilibrium between production 
and consumption must be assured. The laws of physics, mainly Ohm’s law and 
Kirchoff’s laws, define additional constraints that the transmission system operators 
need to address when managing the high-voltage grid, such as thermal and voltage 
constraints, frequency, and line capacity (Hogan, 1992). Second, electricity demand is 
time-dependent (peak/off-peak hours, weekdays/weekends, holidays, etc.), weather-
dependent (temperature, precipitation, wind speed, etc.) and business-intensity 
dependent. The difference between the daily peak and off-peak demand can be more 
than 50% (Weron, 2006).  

The outlined electricity attributes alone determine how most competitive electricity 
systems work. For example, the attributes explain why electricity spot prices are very 
volatile compared to other assets, seasonal, and mean reverting (Janczura, et al., 2013; 
Handsell, et al., 2004). Inelastic demand and electricity non-storability cause prices to 
be volatile and “spiked” because peak demand is matched with production with higher 
marginal costs. Similarly, day-ahead prices exhibit hourly, weekly, and yearly 
seasonality given the time dependent demand. Last, electricity spot prices, similarly to 
the current interest rate monetary policy, can be negative when low inelastic demand 
meets the low inelastic supply from non-dispatchable generation, such as wind or solar 
(Fanone et al., 2013; Cutler et al., 2011). 

After outlining the unique attributes of electricity as a commodity and acknowledging 
the stochastic (spikes) and deterministic (seasonality) features of the electricity spot 
prices, attention is directed towards the transmission system in the following 
subchapter. 

                                                 
1 Currently, the most economic utility-scale energy storage solutions are hydro-reservoirs and pump-
storage. 
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2.1 Transmission pricing and congestion management in the spot 
markets 

The discussion here outlines the main functions of transmission pricing and congestion 
management and presents the main differences in transmission pricing schemes. The 
main research themes in connection to transmission-related inefficiencies in the 
wholesale spot markets are discussed, and the topic of transmission congestion 
forecasting is touched upon.  

Transmission pricing and congestion management are two key elements of a 
competitive electricity market (Neuhoff et al., 2011) which should fulfil the following 
functions (Oren, 1998): 

- Generate revenues to compensate the owners of transmission assets. 
- Produce economic signals for efficient rationing of scarce transmission 

resources. 
- Produce economic signals for efficient investment in transmission and for 

efficient location of new generation capacity and loads. 
- Be simple to implement, transparent, and conducive to energy trading. 

The above outlined functions underline the immense impact of transmission pricing and 
congestion management on individual market participants as well as on the 
competitiveness and efficiency of the entire power market. Incorrect locational pricing 
signals may mislead investments into new generation and transmission and create 
opportunities for inter-temporal or inter-locational arbitrage. Such market inefficiencies 
aggravate the problem between energy surplus and energy-deficient regions and lead to 
distorted market outcomes. 

Not surprisingly, most of the relevant literature focuses on the distortions of wholesale 
price through horizontal market power in generation (Borenstein et al., 1999; Borenstein 
et al., 2002; Mansur, 2008; Wolfram, 1999; Fridolfsson & Tangerås, 2009; Bergman, 
2005) or vertical market power together with retail (Mirza & Bergland, 2012; von der 
Fehr & Hansen, 2010). However, much less research attention is devoted towards 
studying the impacts of transmission (Borenstein et al., 2000) and distribution networks 
(Growitsch et al., 2012) on electricity markets. For example, Borenstein et al. (2000) 
find that if a transmission line capacity is small in proportion to the size of the local 
market, local generators may withhold production capacity and congest the import line. 
Such induced congestion increases the value of local generation. Some research has also 
shown how the allocation of physical or FTRs may lead to exercise of market power 
(Bunn & Zachmann, 2010; Joskow & Tirole, 2000; Bushnell, 1999). Other studies have 
considered detailed conditions, such as auction types, bidding rules, and allocation 
processes, under which transmission rights mitigate or increase market power (Gilbert 
et al., 2002; Harvey & Hogan, 2001). 
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A vast literature stream also studies and compares the differences in transmission 
pricing schemes. Oren (1998) categorizes the main differences along the following 
dimensions: 

- Physical vs. financial transmission rights 
- Link-based vs. node-based (point to point) definitions of transmission rights  
- Access-based pricing vs. usage-based pricing 
- Locational differentiation in tariffs: nodes, zones, or uniform prices 
- Ex-ante vs. ex-post pricing 
- Bundling of transmission service and energy vs. treating energy and 

transmission service as separate commodities  
- Congestion management through efficient generation dispatch vs. efficient 

congestion relief 

Whereas differences along some dimensions have been generally resolved (e.g. greater 
efficiency of financial vs. physical transmission rights), others remain at the centre of 
academic and policy disputes. A prime example of the latter is the debate over market 
efficiency under one of the three main tariffs for locational differentiations – nodal 
pricing, zonal pricing, and discriminatory (uniform) pricing. See Table 1 for an 
overview.  

For instance, a recent study by Holmberg and Lazarczyk (2015) finds that all the 
congestion management methods maximize short-run welfare but zonal pricing, with 
counter-trading results in additional payments to producers in export-constrained nodes. 
They argue that producers bid low in the day-ahead market to be dispatched under the 
uniform-price auction, but they buy back the power in the counter-trading market under 
the pay-as-bid auction. This result leads to inefficient investments in the long run, that 
is, overinvestment in the export constrained nodes (for further discussion on the 
strengths and weaknesses of the congestion management methods, see Dijk & Willems, 
2011; Green, 2007; Neuhoff et al., 2011; Ruderer & Zöttl, 2012; Brunekreeft et al., 
2005; Stoft, 1997; Weron, 2006). 

Table 1 Comparison of congestion management techniques (Holmberg & Lazarczyk, 2015) 

Congestion 
management technique 

Transmission 
constrains considered 

Auction format Electricity market 
examples Uniform-

price 
Pay-
as-bid 

Nodal All X  US, NZ, Russia, 
Singapore, Chile 

Discriminatory All X X Iran, UK, and Italy in 
real-time markets 

Zonal – Stage 1 Inter-zonal X  Continental Europe, 
Nordic, Australia Zonal – Stage 2 Intra-zonal  X 

 



2 Literature review 26 

In addition to the market power and market design literature already discussed, 
surprisingly little research focuses explicitly on the impacts of transmission lines and 
congestion on electricity spot prices. Undisputedly, the study of transmission lines and 
congestion effects on electricity prices belong to the field of electricity price 
forecasting, which has been exponentially growing since 2000s. Behind the field’s 
growth is mainly electricity market liberalization, which made electricity price and 
congestion forecasts some of the key decision-making variables for power generators, 
retailers, and consumers. 

Weron (2014) offers an extensive review of electricity price forecasting which he 
classifies into five modelling approaches: multi-agent, fundamental, reduced-form, 
statistical, and computational intelligence. The methods differ in many ways, such as 
the levels of complexity (bottom up vs. top down), assumptions used (theoretical, 
empirical, distributions), practicality (data availability, computation time, and power), 
and forecasting horizons (short-term vs. long-term). Nonetheless, the approaches have 
in common the desire of capturing the unique properties of electricity prices, namely 
seasonality, mean reversion, volatility, and other stochastic fluctuations of the 
fundamental drivers. 

Studies focusing on the effects of transmission lines as one of the 
fundamental/exogenous drivers of day-ahead spot prices are scarce. Among the rare 
examples is Haldrup et al. (2010) who develop a vector autoregressive model for the 
regime-switching feature of congested and non-congested states in the Nordic electricity 
spot market. The authors show that appropriate modelling of the regime switching has a 
major impact on the electricity price dynamics. Gianfreda and Grossi (2012) study the 
role of several exogenous variables, including congestion and volumes in the Italian 
electricity market, and show that the variables improve the forecasting performance of 
several statistical models. Hobbs et al. (2000) study the transmission constraints and 
market concentration in a theoretical oligopolistic market by using a strategic gaming 
model. Even less research focuses on forecasting the transmission congestion itself 
despite its importance for grid operators, planners, and risk managers. In the Nordic 
setting, Løland et al. (2012) combine several forecasting models to predict day-ahead 
transmission congestion (net Elspot capacity utilisation) in a single Norwegian bidding 
area (NO1). Other examples address transmission congestion forecasting in the North 
American power market setting (Min et al., 2008; Li & Bo, 2009; Zhou et al., 2011). 

2.2 Derivatives pricing and transmission risk hedging in the futures 
market 

This subchapter first briefly discusses the motivation of electricity market participants 
to manage energy and transmission risks by trading power derivatives. Then the reader 
is reminded about the structural differences in the underlying of the three LTRs 
considered in this study. A review of power derivatives pricing is presented next. The 
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section ends with an outline of the core functions of the power derivatives market and 
reviews the current literature evaluating these functions in an LTR setting. 

The idiosyncratic characteristics of electricity spot prices discussed above, especially 
the extreme volatility, motivate electricity market participants to decrease their profit 
uncertainty. The exposure to spot price volatility and locational price risk is 
managed/hedged by trading power derivatives in the futures markets. With open 
positions on both spot and futures markets, power producers can partially hedge their 
income streams from generation, and large electricity users and retailers can receive 
effective price insurance. The hedge is typically an obligation; hence, a buyer (seller) 
agrees to pay a seller (buyer) if the spot price is lower (higher) than the futures contract 
price, multiplied by the contract quantity (Wolak, 2003). Spot and futures markets are 
interdependent. However, the futures power market depends on the correctness of the 
price discovery process of the day-ahead market, which is often the underlying 
commodity. On the other hand, an unbiased futures power market has also a 
stabilization and risk-reduction impact on the spot market (Newbery & Stiglitz, 1992). 
This is because electricity, as a non-storable flow commodity, cannot be physically 
traded over time, so the futures price represents the best estimate of the future spot 
price. 

The Nordic power derivatives market is a pure financial market without any physical 
delivery and is used for risk management, speculation, and price discovery purposes. 
Nasdaq OMX is the trading and clearing house for the Nordic futures, options, and 
forwards (OTC). Futures markets in general offer price transparency, risk-sharing, price 
stabilization, and lower transaction costs for economic agents, as compared to forwards 
market (Newbery & Stiglitz, 1992). Speculators also partially contribute to the price 
discovery process, but hedgers appear to drive most commodity markets (Newbery, 
2015).  

The underlying reference for the Nordic financial contracts is the day-ahead system 
price. Hedgers and speculators trade derivatives against system price volatility, which 
limits the risks in energy prices but omits the transmission risks embedded in the area 
price. The spread between area and system prices caused by the transmission congestion 
is managed by a futures contract (EPADs). Contrarily to EPADs, FTRs directly hedge 
the area price differences between two adjacent bidding areas. Finally, if a trader needs 
a hedge between two adjacent bidding areas of the Nordic electricity market, he or she 
needs two separate EPAD contracts (one long and one short), often called EPAD 
Combo (Nasdaq OMX, 2013). Figure 5 displays the underlying structural differences 
with regards to the three outlined LTR vehicles. 
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Figure 5 Underlying structural differences with regards to the three LTR vehicles 
 
Derivatives pricing and risk management are mainly the domains of mathematical 
finance, which addresses the intrinsic stochastic properties of electricity outlined above, 
that is, volatility (price spikes), non-storability, seasonality, and mean reversion. Due to 
the non-storability of electricity, electricity markets are incomplete, and hedging the 
spot-futures risk is impossible (Benth et al., 2008). It is impossible because electricity 
cannot be bought on the spot market, held over time, and sold back to the market. This 
makes traditional cost-of-carry arbitrage-free derivatives pricing inappropriate for 
electricity derivatives (Vahviläinen, 2004).  

Derivatives pricing generally falls into two categories based on the storability of a 
commodity: storable and non-storable. The main difference in deriving the current 
futures price is that the former approach adds to the expected spot price storage costs 
and subtracts a convenience yield, while the latter adds a risk premium for the holding 
period (Fama & French, 1987). 

The pricing of forwards/futures traded by risk-neutral traders in an efficient market for 
non-storable commodities is expressed by Eq. 2.1. The forward price 𝐹𝐹𝑡𝑡,𝑇𝑇 traded at time 
t for delivery in T should transact at the same price as the expected spot price 𝐸𝐸(𝑆𝑆𝑇𝑇) 
delivering at time T given the set of available information 𝜴𝜴𝑡𝑡 at time t. Under such 
formulation the forward price 𝐹𝐹𝑡𝑡,𝑇𝑇 incorporates all information available at T-t about the 
expected spot price 𝐸𝐸(𝑆𝑆𝑇𝑇) at time T.  

 𝐹𝐹𝑡𝑡,𝑇𝑇 = 𝐸𝐸(𝑆𝑆𝑇𝑇|𝜴𝜴𝑡𝑡) (2.1) 

Equation 2.1 states that the forward price is an unbiased predictor of the spot price. 
Also, the deviation between 𝐹𝐹𝑡𝑡,𝑇𝑇 and 𝐸𝐸(𝑆𝑆𝑇𝑇|𝜴𝜴𝑡𝑡) should have a distribution with a zero 
mean and be orthogonal to all information available at time t, T (Borenstein et al., 
2008). But, because the electricity markets are not frictionless and market participants 
are not risk neutral, the use of risk-neutral valuation is inappropriate (Anderson & 
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Davison, 2009). What should be an appropriate risk measure is a challenging question, 
but the last subchapter 2.3 attempts to synthesize the literature on the fundamental 
drivers, further explaining the relationship of forward electricity prices and the expected 
electricity spot prices.  

After the short review of motivation, contract types, and pricing in power derivatives, 
the desired features of a well-functioning power derivatives market are outlined next. A 
review study by ECA (2015) summarizes the features as follows: 

- Provide effective hedging opportunities. 
- Enable sufficient liquidity. 
- Facilitate price discovery. 
- Allow market access at a reasonable cost. 
- Support contestability in the wholesale and retail electricity markets. 
- Be characterized by effective competition. 

Even though power derivatives markets are susceptible to market inefficiencies as 
equally as the spot markets are (see section 2.1), they have received much less research 
attention. Borenstain et al. (2008) mention two reasons why market power in financial 
markets has seldom been analysed: (1) the large set of potential traders free to enter 
leads to equilibrium eliminating profits on marginal trade, and (2) price discrimination 
of even one firm via small sequential trades at different prices will lead to zero profit on 
marginal trade. Either of these conditions ensures that persistent profitable trading 
opportunities do not exist in equilibrium. But what if we reject the validity of both 
arguments in a given market? Various market frictional forces, such as transaction costs, 
legal and institutional constraints, market rules, and information asymmetry, may limit 
the number of market participants and affect their behaviour. In such cases, systematic 
intertemporal and/or locational price differences may exist.  

The current research investigating how well transmission risk hedging instruments 
function is often confined to green, white, and industry reports (Hagman & Bjørndalen, 
2011; Redpoint Energy, 2013; ECA, 2015; Houmøller, 2014; NordReg, 2010; Spodniak 
et al., 2015). The studies vary in methodological approach (mostly interviews and desk 
research) and are rich in proposing different efficiency measures for power derivatives 
markets, such as liquidity (churn rate, turnover, and transaction volumes), transaction 
costs (bid-ask spreads, and entry costs), product transparency (open interest), market 
concentration (HHI and concentration ratios), and diversity of counterparties (market 
makers, entry-exit activity, and trader diversity).  

For example, a report by Redpoint Energy (2013) evaluates LTR solutions for the 
NorNed interconnector between the Netherlands and Kristiansand (Norway bidding area 
1). The report finds a lack of liquidity on both sides of the interconnector, a lack of 
demand for the cross-border hedging instrument, and general support for a more 
traditional contract for differences (CfD) instead of FTRs. Another consulting report 
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carried out for ACER (ECA, 2015) to evaluate the impacts of the FCA network code 
highlights the missing assessment of demand for FTRs, revenue adequacy, and firmness 
risks for the TSOs, as well as the questioning liquidity of FTRs and their impact on 
other energy derivatives. Hagman and Bjørndalen (2011) compare the Nordic CfD 
(EPAD) to FTRs and find that despite the needed improvement in EPAD liquidity, 
market participants see FTRs as a peripheral contract with negative impacts on liquidity 
in system futures. Houmøller (2014) envisions that FTRs regularly auctioned by TSOs 
would feed liquidity to an EPAD Combo2 market because FTRs would serve as a price 
reference, which is ambiguous or missing in the current system. According to the 
Finnish TSO (Fingrid, 2015), a portion of market participants believe that the EPAD 
market functions relatively well, but others find the EPAD market illiquid and non-
transparent because of the lack of an asking (selling) side on the Finnish EPAD market.  

Examples of academic research devoted to derivatives pricing of LTRs are limited. 
Among the rare exceptions are the pioneering studies by Kristiansen (2004; 2004), who 
studies the Nordic seasonal and yearly CfD (EPAD) prices and finds them overpriced 
due to a stronger presence of risk-averse buyers who accepted paying positive risk 
premia. Marckhoff and Wimschulte (2009) also study the pricing of CfDs and find 
significant risk premia which can be sufficiently explained by the existing models for 
power derivatives valuation (Benth et al., 2008; Bessembinder & Lemmon, 2002). The 
following subsection focuses in greater detail on the economic meaning and 
determinants of risk premia born out of the relationship between spot and futures 
electricity prices. 

2.3 The relationship of spot and futures electricity prices 
The present subchapter first examines the two dominant theories explaining the 
relationship of spot and futures electricity prices. Then, implications of risk premia, that 
is, systematic bias between futures prices and expected spot prices, for the efficient 
market hypothesis are outlined. Finally, the subchapter reviews the economic meaning 
and empirical evidence behind the existence and determinants of risk premia. 

The current understanding of the electricity spot-futures price relationship is built 
around two strands of thought that address the function of the (commodity) futures 
market (Movassagh & Modjatahedi, 2005). The first and the mainstream theoretical 
strand holds on Keynes’s (1930) and others’ (Hicks, 1939; Lutz, 1940) arguments 
which explain the relationship between futures and spot prices by risk management 
needs of risk-averse commodity produces and consumers who trade to insure each other 
against price risks. The initial authors of this theory argued that the difference between 
the current futures price and the expected future spot price is negative because 
producers are under greater hedging pressures, which puts a downward pressure on the 

                                                 
2 What this study calls EPAD Combo, Houmøller (2014) calls cross-border contract for difference 
(CCfD). 
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current futures prices compared to the expected spot prices. Nonetheless, the more 
recent studies (Duffie, 1989; Bessembinder & Lemmon, 2002; Benth, et al., 2008; 
Longstaff, 2004) describe both positive and negative relationships, so consumers can 
also be under greater hedging pressure, which puts an upward pressure on the current 
futures prices compared to the expected spot prices. 

The second and the alternative strand of thought sees the main function of futures 
market as a mean to arbitrage, to minimize transaction costs, and to substitute 
temporarily for merchandising contracts (Williams, 2001). Borenstein et al. (2008) 
argue that the systematic difference between futures and spot prices is not about risk 
aversion because (1) the direction of the premium shifts between buyers and sellers 
from month to month; (2) the risk from trading on these expected price differences is 
highly diversifiable; and (3) the magnitudes of the gains are very large relative to the 
variance of returns.  

The systematic bias, where futures prices under- or over-predict the expected spot 
prices, is called the risk premium in theory and practice. The main difference between 
the mainstream and the alternative theories explaining the bias is that the presence of a 
risk premium, according to the former, does not violate the efficient market hypothesis 
(unbiasedness of futures prices), whereas according to the latter, an efficient market 
hypothesis is violated (arbitrage). 

According to Fama’s (1970) efficient market hypothesis (EMH), a market is efficient if 
all available information is used in pricing securities. This means that security prices 
fully reflect all available information, so it is impossible to make economic profits by 
trading on the basis of the current information set. In simple terms, it is impossible to 
consistently beat the market. Nonetheless, market efficiency per se is not testable, and it 
can be only estimated by some asset pricing models. Fama (1991) updates EMH by 
acknowledging the predictability of short-horizon returns (daily, weekly, and monthly), 
which refutes the extreme form of EMH. Still, the weaker forms of EMH are argued to 
be a sensible approximation of market efficiency. Several academic studies within the 
domain of electricity markets test the efficient market hypothesis and study the price 
discovery processes of futures prices and expected spot prices (Growitsch & Nepal, 
2009; Ballester, et al., 2016; Redl, et al., 2009). Methodologically, these studies rely 
mainly on econometric techniques; namely cointegration is used for EMH testing, 
vector error correction models (VECM) are used for information transfer observations 
between the futures and spot price series, and impulse response functions are used to 
study the markets’ responses to price shocks (Shawky, et al., 2003). 

Despite the theoretical grounding of risk premia, that is, the systematic difference 
between futures price and expected spot prices, the empirical evidence proving its 
existence and determinants is mixed. Dusak (1973) was the first to study the existence 
of systematic risk premia in commodities markets and found their value to be close to 
zero. Her findings of a weak existence of risk premia in commodity markets were 
subsequently corroborated by others (Fama & French, 1987; Kolb, 1996; Bessembinder, 
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1992). More recent theories try to relate the risk premium in futures prices to market 
fundamentals, such as hedging pressures (Chang, 1985; de Roon, et al., 2000; Benth, et 
al., 2008); economic risk factors, such as volatility of spot prices (Bessembinder & 
Lemmon, 2002; Longstaff, 2004; Marckhoff & Wimschulte, 2009); market shares 
(Kristiansen, 2004; Benth, et al., 2008); CO2 prices (Daskalis, et al., 2009; Furió & 
Meneu, 2010); hydro reservoirs (Lucia & Torro, 2011); gas storage inventories 
(Douglas & Popova, 2008); term structure, such as time-to-maturity (Benth, et al., 2008; 
Álvaro & Figueroa, 2005; Longstaff & Wang, 2004; Diko, et al., 2006); market 
maturity (Handsell & Shawky, 2006); market power (Borenstein, et al., 2008); and 
vertical integration (Aid, et al., 2011). The impacts of the individual fundametal factors 
on risk premia are either positive or negative, but many studies find conflicting result 
for the same fundametal factor. For instance, Redl et al. (2009) do not find support for 
the negative influence of the spot prices variability on risk premia which Bessembinder 
and Lemmon (2002) propose, and Botterud et al. (2010) propose a negative impact of 
water reservoirs on risk premia, which others reject (Weron & Zator, 2014; Lucia & 
Torro, 2011). 

Finally, Weron and Zator (2014) point out important methodological pitfalls of applying 
linear regression models for explaining the relationship between spot and futures 
electricity prices. They mention three things needing attention: (1) bias originating from 
simultaneity problem, that is, using spot price as explanatory variable; (2) the effect of 
correlated measurement error; and (3) the impact of seasonality on regression models. 
For a summary of the top ten scientific articles that influenced this work, see Table 2. 
The next chapter describes the methods and data used by this study in greater detail. 

Table 2 Key scientific articles influencing this study 
 Name Author, Year Journal 
1 Pricing of Contracts for Difference in the Nordic 

Market 
(Kristiansen, 2004) Energy Policy 

2 Equilibrium Pricing and Optimal Hedging in Electricity 
Forward Markets 

(Bessembinder & 
Lemmon, 2002) 

The Journal of 
Finance 

3 Pricing Forward Contracts in Power Markets by the 
Certainty Equivalence Principle: Explaining the Sign of 
the Market Risk Premium 

(Benth et al., 2008) Journal of Banking 
& Finance 

4 Price Formation in Electricity Forward Markets and the 
Relevance of Systematic Forecast Errors 

(Redl et al., 2009) Energy Economics 

5 Locational Price Spreads and the Pricing of Contracts 
for Difference: Evidence from the Nordic Market 

(Marckhoff & 
Wimschulte, 2009) 

Energy Economics 

6 Electricity Forward Prices: A High-Frequency 
Empirical Analysis 

(Longstaff & Wang, 
2004) 

Journal of Finance 

7 A First Look at the Empirical Relation Between Spot 
and Futures Electricity Prices in the United States 

(Shawky et al., 2003) Journal of Futures 
Markets 

8 Inefficiencies and Market Power in Financial Arbitrage: 
A Study of California's Electricity Markets 

(Borenstein et al., 
2008) 

The Journal of 
Industrial 
Economics 

9 Efficient Capital Markets: A Review of Theory and 
Empirical Work 

(Fama, 1970) Journal of Finance 

10 A Vector Autoregressive Model for Electricity Prices 
Subject to Long Memory and Regime Switching 

(Haldrup et al., 2010) Energy Economics 
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3 Data and methods 
This study embraces scientific realism (Psillos, 1999) as the guiding philosophy of 
science. The epistemically positive attitude of this work seeks knowledge and a true 
description of the world through empirical evidence. The phenomena investigated here 
are quantified and mathematical patterns in the flow of detected events. The theories 
presented in this work are descriptive (Geodfrey-Smith, 2003), avoid value judgements, 
and embrace deductive approaches. The purpose of this chapter is to explicitly show the 
facts that the results are based on and by which scientific methods the facts are 
processed to reach new knowledge. 

The chapter first describes the empirical data spanning the time period between 2000 
and 2014 on which all the findings of this research are based on. Details about data 
types, sources, frequencies, and structure are discussed. Next, the methods used are 
described, the reasons for their choice are outlined, and their relation to earlier studies 
are clarified. 

3.1 Data 
The data used for the analysis originates from two Nordic power marketplaces – spot 
and futures. The first is operated by Nord Pool and represents the spot market exchange 
enabling trade of physical power in day-ahead (Elspot) and intra-day (Elbas) markets. 
The spot market data utilized include Elspot and power system data which were directly 
accessed via FTP connection to Nord Pool’s server. All the spot market data are in 
hourly frequencies except hydro reservoirs, which are in weekly frequency. 
Specifically, the following Elspot data were utilized: system and area prices (prices 
discovered in the Nord Pool’s day ahead implicit auction), Elspot volume (total power 
bought and sold by participants in a bidding area), Elspot capacities (upper limits for 
power flow between bidding areas allocated by TSOs and published before 10:00 a.m. 
on the day before delivery), and Elspot flow (planned flow between the bidding areas 
resulting from the day-ahead Elspot price calculation). The following power system data 
were utilized: power production (net power generation), power consumption (generation 
plus imports minus exports), power exchange (power import and export on individual 
cross-border interconnectors), and hydro reservoirs (water availability in a country’s 
hydro reservoirs). 

The second marketplace is operated by Nasdaq OMX exchange and represents the 
futures market exchange for trading electricity derivatives. Two historical (Nov. 2000 - 
Mar. 2014) datasets dealing with EPADs purchased from Nasdaq are used. Both 
datasets include timestamp and contract ticker information; hence, analysis is always 
conducted on area-specific, contract-specific, and time-specific data. The first dataset 
carries the daily aggregate information summarizing each trading day. The variables 
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included in this dataset are as follows: daily fix price3 (generally, the last exchange 
transaction price registered in electronic trading system (ETS) at a point in time selected 
at random within five minutes period between 15.55 – 16.00 (CET)), contracts traded 
(number of traded contracts traded during a trading day), volume (number of contracts 
traded multiplied by contract size), open interest (the total number of open contracts 
which have not yet been liquidated either by an offsetting trade or an exercise or 
assignment on a particular day), best bid (the highest quoted buy bid), best ask (the 
lowest quoted sell bid), high price (the highest accepted bid), and low price (the lowest 
accepted bid). 

Table 3 Summary of data used for analysis 
Spot market (Day-ahead) Unit Futures market (EPAD) Unit 

System price EUR/MWh Deal price EUR/MWh 

Area prices EUR/MWh Daily fix price EUR/MWh 

Elspot volumes MW High price EUR/MWh 

Elspot capacities MW Low price EUR/MWh 

Elspot flow MWh Best ask EUR/MWh 

Power production MWh Best bid EUR/MWh 

Power consumption MWh Contracts traded Number of traded contracts 

Power exchange MWh Contract size Number of hours in a contract 

Hydro reservoirs GWh Volume Contracts traded * contract size 

  Open interest Number of open contracts 

  Contract ticker Contract identification code 

  Deal source OTC or ETS 

 
 
  

                                                 
3 See the detailed daily fix price setting rules in (Nasdaq OMX , 2014) - Trading Appendix 2 / Clearing 
Appendix 2 “Contract Specifications – Commodity Derivatives” issued by NASDAQ OMX Oslo ASA 
and NASDAQ OMX Clearing AB 
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Table 4 Geographical structure and historical development of EPAD 
Country Bidding area city Bidding area code Start of EPAD trading*  

Finland Helsinki FI 17.11.2000 

Sweden 

Luleå SE1 1.9.2011 

Sundsvall SE2 1.9.2011 

Stockholm SE/SE3** 17.11.2000/1.9.2011 

Malmö SE4 1.9.2011 

Norway 
Oslo NO1 17.11.2000 

Tromsø NO3/NO4** 1.9.2010 

Denmark Århus DK1 17.11.2000 

 Copenhagen DK2 23.3.2001 

Estonia Tallinn EE 26.11.2012 

Latvia Riga LV 11.11.2014 

*Start of trading refers to the first day when the daily closing price was first quoted on the financial market for any 
maturity EPAD in a given bidding area;  
**Tromsø was NO3 before 10.1.2010 and NO4 thereafter; SE/SE3 combines data for Sweden before the split (SE) 
into four areas in Nov. 2011 and the Stockholm area (SE3) thereafter. 
 

The second futures dataset represents the intra-day trading activity for EPAD 
instruments. In addition to the exact timestamp when each trade/transaction was cleared, 
the following variables are studied: deal source (transaction realized through electronic 
trading system ETS or over the counter OTC), deal price (transaction price agreed 
between security buyer and seller), contracts contract size (number of hours in the 
underlying contract), and volume (contracts traded multiplied by contract size). A 
summary of the studied and described variables is presented in Table 3. 

Geographically, the data covers all the Nordic and Baltic countries and their respective 
bidding areas in operation during the time when the individual research papers 
encompassing this work were conducted. For overview, see Table 4. 

With respect to contract types, the data contains the three main EPAD maturities: 
monthly, quarterly, and yearly. Seasonal contracts are also included during their time in 
use (2000–2005), after which they were substituted by more standardized quarterly 
contracts. The total sample consists of 1264 unique EPAD contracts that were traded on 
the financial market during 17.11.2000 and 25.3.2014 (see the overview in Table 5). 
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Table 5 Details on EPAD maturities and sample size 
Maturity Contract 

type* 

Delivery period Contract 

size (h)** 

Sample (# of 

contracts) 

Monthly DS futures January–December 672–744 761 

Quarter DS futures 

Q1 (January–March), Q2 (April–June), Q3 

(July–September), Q4 (October–

December) 

2159–2208 285 

Year DS futures Year 8760–8784 144 

Seasonal DS futures 

Winter 1 (January–April), Summer (May–

September), Winter 2 (October–

December) 

2184–3672 74 

* DS futures refer to deferred settlement futures. **Contract size is equal to the number of hours in the underlying contract. 

3.2 Methods used 
The quantitative methods used in this study are mainly statistical and econometric in 
nature, and their individual specifications are driven by the research objectives this 
study seeks to meet. In addition to the first and general objective to expand the limited 
theoretical and empirical knowledge on locational price risks, the second objective is to 
study the level of integration of the Nordic electricity markets. Market integration is 
here defined by the reference system price and the disintegration by area price spreads, 
that is, the difference between the day-ahead area price and the reference system price. 
Knowledge on two phenomena under this objective is sought – the significance of area 
price spreads and the determinants of area price spreads.  

The first phenomenon is explored by a nonparametric statistical method called 
Wilcoxon signed-rank test (Wilcoxon, 1945), which provides the possibility to study the 
significance of differences of paired experiments (congestion vs. a no-congestion state). 
This methodology has typically not been used for studying electricity price integration, 
but the unique design of the Nordic electricity market, which calculates both the 
reference system price and area prices, allows the application of this method. 
Additionally, due to the nonparametric nature, the test benefits from being simple and 
from making no assumptions about the probability distributions of the electricity price 
spreads. 

The second phenomenon of interest, that is, the determinants of area price spreads, is 
explored by a time-series autoregressive exogenous model, which is a hybrid 
methodology combining fundamental and econometric methods (Gonzáles & Bunn, 
2012). The unique attributes of electricity prices discussed in Section 2 dictate what 
statistical properties need to be considered when applying linear regression models. The 
seasonal behaviour of electricity price (spreads) is captured by the autoregressive (AR) 
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structure of the model; that is, the current hourly (log)4 area price spread is dependent 
on the (log) area price spread for the same hour on the previous two days and week. 
This method has been widely applied in the day-ahead electricity price forecasting 
literature (Weron, 2014). In addition to time correlations (AR), time-series models of 
electricity prices often use additional fundamental exogenous variables (ARX). For 
instance, Weron and Misiorek (2008) show that AR models with system load as the 
exogenous variable generally perform better than pure price models. Also Kristiansen 
(2012) uses the Nordic demand and Danish wind power as exogenous variables in an 
AR model to forecast the Nordic hourly day-ahead prices. The exogenous variables in 
an AR model studied by our research include the following: Nordic hydro reservoirs, 
demand, Elspot flow, Elspot capacities, and various ratio variables of transmission line-
related variables.  

The third objective of this research is to examine the price discovery processes and 
interrelations of spot and futures prices of a non-storable commodity. Vector 
autoregressive (VAR) models are the natural tool to study the joint generation process 
of a number of variables (Lütkepol, 2011). VAR models partially explain a set of 
variables by past (lag) values of the variables involved, and the variables are typically 
treated as endogenous. The setup of VAR models makes them suitable for forecasting, 
which has also been utilized by the electricity price and power demand forecasting 
literature (Longstaff & Wang, 2004; Lucia & Torro, 2011; García-Ascanio & Maté, 
2010). Because VAR models can capture the random/stochastic trends in addition to the 
time correlations/autoregression, long-run relations can be separated from short-run 
dynamics (Lütkepol, 2011).  

To meet the third objective, this work thus estimates bivariate VAR models of 
(monthly) EPAD futures prices and the underlying spot price differences to study the 
data generating process. After investigating the data properties (especially stationarity) 
and specifying VAR models, attention is focused on cointegration relationships between 
the spot and futures prices because they reveal the economic insights being sought  
(Bunn & Gianfreda, 2010). Specifically, Granger-causality analysis (Granger, 1969; 
Lütkepohl, 2005) is used to test whether information is processed simultaneously on the 
spot and futures markets (bidirectional causality) or weather one of the markets is more 
informationally efficient (unidirectional causality). Insights into how futures (spot) 
prices react to shocks/innovations in the spot (futures) prices are studied by impulse 
response functions (IMF) and variance decompositions (Shawky, et al., 2003). The 
Johansen cointegration test (Johansen, 1988) is additionally used to test whether a long-
run cointegrating relationship between the spot and futures markets exists. The test 
sheds light on the long-run efficiency of the EPAD futures market and the underlying 
spot market. Also, the work uses a vector error correction (VEC) model (Engle & 
Granger, 1987) to study the price adjustment process (Growitsch & Nepal, 2009; Redl, 
et al., 2009) in relation to short-run equilibrium deviations. Insights gained from this 

                                                 
4 Natural logarithmic transformation of electricity price (spreads) and exogenous variables, such as load, 
or production stabilizes variance; see e.g. (Kristiansen, 2012; Weron & Misiorek, 2008). 
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exercise are detailed observations on how quickly (adjustment speed) and in which 
market (spot/futures) the correction to long-run equilibrium takes place. 

In addition to the VAR framework, the methodology to meet the third objective also 
includes an ex-post estimation of forward risk premia and an analysis of their 
determinants. Our study relies on a well-established methodology (Longstaff & Wang, 
2004; Marckhoff & Wimschulte, 2009; Shawky, et al., 2003; Redl, et al., 2009), which 
defines the ex-ante risk premia in forward prices as the ex-post differential between the 
observed forward prices and the realized delivery date spot prices. The quantification of 
forward risk premia and the decomposition of their determinants (especially their term 
structure) help to determine whether EPADs work for efficient transmission risk 
hedging in the Nordic electricity markets.  

The fourth and final objective of this work is to initiate a debate on alternative LTRs for 
European electricity markets. This study attempts to fulfil this objective by clarifying 
and comparing the structures and characteristics of the main LTR mechanisms. Then, 
the theoretical market outcomes for hedgers are estimated by replicating the hedging 
effects of regulation-preferred FTRs by the existing EPAD Combo contracts. 
Additionally, tentative market outcomes for TSOs auctioning portfolios of FTRs are 
also estimated by using techniques from financial analysis, namely portfolio analysis 
and asset pricing. Markowitz’s (1952) modern portfolio theory (MPT) is used to study 
the effects of asset returns, risks, correlations, and diversifications on TSOs’ probable 
portfolio returns. 

The benefits of reliance on econometrics and other quantitative methods, if properly 
conducted, are that the results are tractable, reproducible, and testable. The 
methodological limitations of this work may stem from statistical assumptions 
(normality and stationarity), data properties (randomness and distribution), and model 
specifications (endogeneity and estimation). Also, given the two major purposes 
(Lütkepohl, 2005, p. 2) of multiple time-series analysis (forecasting and obtaining 
insight into dynamic structure of a system), this work has primarily focused on the 
latter. Hence, different insights could have been gained, had the work focused also on 
forecasting.  
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4 Results 
The present section reports the main findings based on six peer-reviewed research 
publications. The results of each publication are presented in the following order: (1) 
topic of the paper; (2) background, including justification; (3) research methods, 
including data; (4) key findings; and (5) theoretical and practical implications. Each 
paper can be positioned with respect to the main research domain it covers (see Figure 
6).  

 

Figure 6 Positioning of research papers on the background of research domains 
 

Publication I deals primarily with the locational price risk on the day-ahead spot market. 
Understanding the significance and main determinants of area price spreads, defined as 
the difference between the day-ahead area price and reference system price, lies in the 
core of the first paper. Publications II–IV operate on the intersection of spot and futures 
markets. Their core purpose is to understand the price dynamics between EPAD, the 
hedging instrument used for locational price risk management, and the underlying spot 
market outcome realized during the settlement period. The results focus on 
identification and understanding of forward risk premia, which represent a systematic 
price difference between the two markets. Publication V compares three main 
derivatives vehicles for locational price risk management – FTRs, EPADs, and EPAD 
Combo, and investigates the pricing accuracy of FTRs replicated by EPAD 
combinations. The final paper VI takes the perspective of TSOs auctioning FTR 
portfolios and tentatively estimates the expected share of bottleneck income needing 
redistribution to FTR holders. Each publication is next presented according to the 
aforementioned order. 

Risk 
management 

Futures 
market 

Spot 
market II. 

I. 

IV. 

III. 

VI. 

V. 
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4.1 Paper I: Area Price Spreads in the Nordic Electricity Market: 
The Role of Transmission Lines and Electricity Import 
Dependency 

Publication I focuses on locational basis risks on the Nordic electricity day-ahead spot 
markets and studies the significance and determinants of area price differences. The EU 
is attempting to integrate European electricity markets to foster competition, disperse 
market concentration, and enable efficient resource allocation (Directive 2009/72/EC). 
Nonetheless, systematic price differences create regional economic discrepancies 
directly affecting the participants of the wholesale spot market (costs and revenues) and 
the entire region indirectly (factors of production, consumer welfare, and economic 
growth). 

The study investigates historical area price spreads, defined as the difference between 
day-ahead hourly area price and hourly system price, in thirteen bidding areas between 
1.1.2010 and 13.7.2012. To test whether the observed price spreads among the assessed 
areas are also statistically significant, the work applies a nonparametric hypothesis test – 
the Wilcoxon signed-rank test. To understand the determinants of area price spreads, the 
work explores power system and weather-dependent factors in Finland with an 
autoregressive exogenous (ARX) model. 

During the 2,5-year observation period, the study finds that congestion elicits 
statistically significant positive price differences in SE, SE4, FI, DK2, NO3, and NO4, 
which imply electricity deficiency and area prices exceeding the system price. By the 
same token, statistically significant negative price differences were found in SE1, SE2, 
DK1, NO2, NO5, and EE, which indicate electricity surplus and area prices falling 
behind the system price. The study also provides economic interpretation by measuring 
the effect size, which shows that all the congestion effects on price spreads fall into the 
“small effect” category according to the Cohen’s criteria. The work reveals that in 
addition to cross-country bottlenecks (e.g. FI-EE, SE2-NO3, and SE3-FI), there are also 
systematic congestion areas, such as DK1-DK2 and NO3-NO1, present within a single 
country. 

As illustrated in the case of Finland, the strongest significant impact on the area price 
spreads exert energy security, in addition to local demand and hydro reservoirs. The 
energy security variable captures an area’s ability to cover a portion of its hourly 
electricity demand by imports. Holding everything else constant, a one percentage point 
increase in energy security decreases the local spreads by 1,50 to 1,80 EUR/MWh on 
average. The implication is that either increasing import capacities proportionally to 
hourly demand or reducing the demand itself will lead to smaller differences between 
the Finnish area price and the system price. 

Uniting even a single Nordic electricity market, not speaking of the pan-European 
market, around a reference system price is challenging. Nonetheless, the deviations are 
only small in the order of magnitude (small effect size). Higher price integration may be 
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achieved by increasing the import capacities between major internal (DK1-DK2, NO3-
NO1) and multi-country (SE2-NO3, SE3-FI, FI-EE) bottlenecks or by reducing/shifting 
demand. 

4.2 Paper II: Efficiency of Contracts for Differences (CfDs) in the 
Nordic Electricity Market 

This publication deals with the topic of EPAD (earlier called CfD) market efficiency by 
studying the role of water availability in the hydro reservoirs on explaining area price 
spreads, and by quantifying and explaining the systematic differences between the 
futures prices and the underlying spot prices. For effective locational risk management, 
three things are of interest:  

1. What affects the local area price spread in the spot markets? 

2. What are the price dynamics of the financial product enabling hedging of the 
locational price risk?  

3. How do the prices of the futures contract and the underlying behave jointly on 
the spot and futures markets? 

The article uses a 14-year-long sample (2001–2014) of daily power system data and 
day-ahead spot and EPAD futures prices. The work first estimates a linear multivariate 
regression model to study the impacts of deviations of the current percentage values 
from the historic medians of hydro reservoirs in Sweden, Finland, and Norway on area 
price spreads. Second, forward risk premia are quantified ex-post as the systematic 
differences between the trading prices of EPADs and the expected spot prices during the 
contract’s delivery. Effects of time-to-maturity on forward risk premia in EPADs are 
investigated by linear regression. Third, to capture the dynamic system of spot and 
futures prices, a vector autoregressive model is estimated, and the interrelations of price 
levels are explored by Granger causality tests, impulse response functions, and variance 
decomposition. 

The largest significant positive impact of hydro deviations on area price spreads in 
Århus (DK1), Copenhagen (DK2), Helsinki (FI), and Stockholm (SE3) impacts 
Norwegian hydropower. The effect was significantly negative in Oslo (NO1), where 
larger deviations in Norwegian hydro lead to smaller local price spreads. The signs are 
explained by the transmission congestion, which prevents the effect of cheap hydro 
power to spill over to the other areas. Therefore, when the current Norwegian hydro 
reservoirs deviate from historic medians, the demand for cheap hydro power congests 
the interconnectors; thus, other areas experience a price spread surge while the local 
Norwegian price spread declines.  

The ex-post forward risk premia in EPAD contracts carry information about mark-ups 
and hedging pressures of different participants during distinct time periods. The study 
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finds significant risk premia in all contract maturities across nine bidding areas. The 
sign and magnitudes vary, and no systematic link between liquidity (open interest) and 
risk premia was found. The hypothesis of a negative relationship between time-to-
maturity and risk premia was partially refuted and explained by differences in types of 
energy supply. 

The paper shows bidirectional Granger causality between futures and spot prices, which 
is a sign of informational efficiency in both markets. This finding holds for all bidding 
areas but SE4 (Malmö) and NO3 (Tromsø). Shocks in one price series have a significant 
positive impact on prices in the second series, but the magnitude of the effect is limited 
(0,3–18,7%) and lasts 5–10 days. The most efficient EPAD markets seem to be located 
in the price areas with the longest trading history (Helsinki, Stockholm, and Oslo). 

4.3 Paper III: Forward Risk Premia in Long-term Transmission 
Rights: The Case of Electricity Area Price Differentials (EPADs) 
in the Nordic Electricity Market 

Article III provides a comprehensive review of price risk management strategies in the 
Nordic electricity market and investigates the dynamics of forward risk premia. Power 
production, consumption, and the retail activities of a single company can be located in 
three different price zones or countries. Such a company operating in the Nordic 
markets needs to manage two types of price risks: (1) system price risk and (2) 
locational price risk. The study illustrates how, by trading bundles of derivatives on 
system and area prices, market participants (generators, retailers, and speculators) limit 
their exposure to price volatility and uncertainty from cross-border operations. Among 
others, the results explicitly show that power generators and retailers are each other’s 
counterparties (in contrast to FTRs), and speculators improve market liquidity by 
driving down bid-ask spreads. 

The major reasons for EPAD overhaul stem from questions about their efficiency and 
liquidity. This publication returns back to the topic of forward risk premia in EPADs, 
which are estimated ex-post on a daily basis for the period 2001–2014. Understanding 
the dynamics and magnitudes of the forward risk premia in EPADs sheds light on the 
determinants of the current inefficiency state. Positive forward risk premia are 
associated with consumers’ higher desire to hedge especially short-term horizons 
(producers’ market power), and negative forward risk premia are associated with 
producers’ higher desire to hedge especially longer-term horizons (consumers’ market 
power).  

The results show that risk premia in EPADs are both significantly positive and negative, 
depending on the combinations of bidding area, contract type, and delivery year. Such 
findings may be expected, since the hedging needs of market participants change and 
market maturity improves in time. Nonetheless, two conclusions are found. First, the 
volatility of forward risk premia increases with decreasing contract maturity; that is, the 
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lowest volatility of risk premia is found for yearly contracts, followed by seasonal, 
quarterly, and monthly contracts. Second, the largest positive and negative risk premia, 
measured by yearly weighted average, occur in the same bidding areas listed in the 
order of magnitude – Århus (DK1), Copenhagen (DK2), Helsinki (FI), and Stockholm 
(SE3). The study did not find any particular pattern among bidding areas or contract 
types, even though monthly EPADs tend to more often carry (1,6x) a significant 
positive risk premium than a negative one. 

The positive risk premia in shorter contract maturities implicitly support the hedging 
pressure argument, which postulates that consumers are more prone to pay a positive 
premium especially in short-term horizons when their hedging needs are the greatest. 
Nonetheless, this study has empirically shown that forward risk premia can be 
systematically positive without any particular (negative) term structure. Such a finding 
draws attention, in addition to risk aversion and market shares, to other yet unexplored 
factors affecting the dynamics of forward risk premia in electricity derivatives. 

4.4 Paper IV: Informational Efficiency on the Nordic Electricity 
Market – the Case of European Price Area Differentials (EPADs) 

This article empirically studies the price discovery process of spot and futures prices for 
the same underlying locational price risk (area price minus system price). The study 
works with day-ahead spot prices and monthly EPAD futures prices in daily frequency 
and studies nine bidding areas during 1.11.2011–30.5.2013. The work tests 
simultaneous information processing on the spot and futures markets by linear Granger 
causality test according to the Toda and Yamamoto procedure. The hypothesis of long-
run equilibrium between the spot and futures markets is tested by a Johansen 
cointegration test, and adjustments to short-run equilibrium deviations are studied by a 
VEC model. 

EPAD futures are used for locational price risk management and for offsetting 
volatility. But, the futures prices may also be considered a source of information about 
the forthcoming spot market trends. This study verifies whether the spot and futures 
markets process information simultaneously and are thus informationally efficient 
without any lead-lag relationship. Bidirectional Granger causality between commodity 
spot and futures prices signify that new information is reflected simultaneously in both 
markets. Such result is found for two Swedish bidding areas (SE1 and SE2) but 
unidirectional Granger causality is found for the remaining bidding areas – from spot to 
futures markets (NO1and NO3), and from futures to spot market (DK1, DK2, FI, SE3, 
and SE4). The finding for the Norwegian areas suggests that the spot market processes 
new information more efficiently, giving signals to the futures market. This lead-lag 
relationship may be explained by lacking demand for Norwegian EPADs due to the low 
levels of locational risk (area prices < system price). The opposite lead-lag relationship 
suggests that the EPAD market processes new information more efficiently than the 
spot market. Such result is often explained (Movassagh & Modjatahedi, 2005; 
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Silvapulle & Moosa, 1999) by the presence of more active speculators in the futures 
market. 

The study further finds a cointegration between spot and futures prices which confirms 
that the Nordic markets for locational risk are in long-run intertemporal equilibrium. 
The result provides cross-validation on the earlier findings about Granger causality 
because there was no contradictory result of cointegration, but no Granger causality was 
found. The speed of adjustment of spot and futures prices before they return back to 
their cointegrating relationship is studied by a VEC model. The results show that all 
(except NO1 and NO3) short-term deviations are corrected for solely in the spot market, 
deeming its participants informationally more efficient. The magnitudes of adjustment 
coefficients show that SE1 and SE2 respond to deviations the fastest, whereas FI is the 
slowest. The non-significance of adjustment coefficients in most of the futures 
equations suggests that the EPAD futures market does not react to short-run equilibrium 
deviations. 

The study shows that despite being in long-run equilibrium, EPAD futures and spot 
markets are not equally informationally efficient across different areas. The differences 
are explained by lacking EPAD liquidity on one hand and active speculation on the 
other. 

4.5 Paper V: Long-term Transmission Rights in the Nordic 
Electricity Markets 

In light of the accepted European NC FCA, this paper presents the structure and 
characteristics of two types of LTR contracts relevant to hedging electricity prices 
between price areas in the EU. The mechanisms are the FTRs and the EPADs. The 
former is the EU’s preferred mechanism according to the FCA, whereas the latter is 
currently used in the Nordic electricity markets. 

The long-term prediction of electricity prices and of possible congestion in the 
electricity networks is difficult and is arguably becoming even more difficult, due to the 
increasing share of intermittent power generation across Europe and the rest of the 
world. This same development is also relevant and noticeable in the Nordic markets. 
For this reason Nordic electricity market participants need efficient hedging 
mechanisms to manage the risks in transmission between price areas. 

This paper answers important questions about the future compatibility and even the 
substitutability of the proposed FTR contracts with EPAD contracts for hedging of 
transmission risks in the Nordic markets. The article first discusses the structural and 
conceptual similarities and differences between EPADs and FTRs. The paper then 
presents how, by using two EPAD contracts (EPAD Combo) the effect of an FTR 
contract can be replicated. 
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To empirically analyse the pricing accuracy of FTRs replicated by EPADs, ten non-
exclusive intra- and inter-national transmission interconnectors are selected based on 
historical and technical reasoning. The study then replicates theoretical values for 49 
yearly, 172 quarterly, and 487 monthly FTR contracts on the selected interconnectors 
over the time period 2006-2013 and calculates ex-post forward risk premia contained in 
such contracts.  

The results show that, on average, replicated FTRs would be sold at a discount, 
especially for the shorter-term contract maturities (monthly, quarterly). Two 
interconnectors (FI>EE, SE/SE3>DK1) were identified where the market participants 
were systematically and across contract maturities unable to correctly (naturally) price 
the replicated FTR, with respect to the underlying spot price risk. 

The policy implications of the work are that it may be possible to continue with the 
EPAD-based system and use EPAD Combos in the Nordic countries even if FTR 
contracts would prevail elsewhere in the EU. But, the work also opens up important 
market efficiency issues in the current EPAD market mechanism which should be 
further addressed, namely the auction mechanism and the determination of the official 
closing prices. 

4.6 Paper VI: Long-term Transmission Rights in the Nordic 
Electricity Markets: TSO Perspectives 

Publication VI estimates the theoretical financial impacts of FTR auctions on the 
Finnish and Swedish TSOs. The TSOs’ role in the proposed NC FCA is central because 
they are expected to function as emitters of FTRs and redistribute the congestion rents 
currently retained and used for grid security, expansion, or tariff reduction. The 
adoption of the FTR mechanism and the overhaul of the EPAD mechanism introduces 
three new risks for the European TSOs: (1) firmness risk, (2) counterparty risk, and (3) 
revenue adequacy risk. 

The present study uses modern portfolio theory (MPT) to estimate the expected 
amounts of congestion income needing to be redistributed by the TSOs from the 
emittance of yearly, quarterly, and monthly FTR portfolios. The work constructs 
synthetic FTRs from historical EPAD contracts traded in 2012 and 2013. The study 
assumes that TSOs auction FTR volume equal to 70% of the NTC of the Finnish-
Swedish interconnectors. 

The results show that the expected portfolio returns (expected amounts of congestion 
rent to be redistributed) do not necessarily exceed the collected congestion rents (TSOs’ 
income). This implies that the TSOs would be able to compensate the FTR holders for 
the underlying transmission risks from the collected congestion rents without excessive 
exposure to the revenue adequacy problem. Nonetheless, the expected returns 
(compensation) volatility is very high, so the revenue adequacy risk may still exist. 
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As auctioneers of FTR or possibly EPAD Combo contracts, the TSOs need adequate 
price floors and price ceilings. Price limits allow risk sharing among the market 
participates, so the risk burden is not borne solely by a contract emitter or buyer. In 
addition, a similar mechanism to the simultaneous feasibility test employed in a nodal 
pricing system may be needed to guarantee that FTR compensations do not exceed the 
congestion rents. Also, by adopting FTRs, the TSOs give away the current bottleneck 
income stream which has been traditionally used for grid maintenance and expansion. 
Holding other things constant, with less cross-border line investments, market 
uniformity decreases and the transmission risk increases. It is obvious that changes in 
the locational price risk mechanism open up new issues needing policy attention, such 
as sources of funding for grid maintenance and expansion. 
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5 Discussion 
The purpose of LTRs is to provide electricity market participants a hedging solution 
against the area price differences that originate from interconnector congestion and day-
ahead congestion pricing. To properly manage transmission risks, market participants 
need to first understand the fundamental determinants leading to area price differences 
in day-ahead markets. This work analyses the impacts of local demand, hydro reservoir 
levels, and transmission line variables on the magnitude and direction of the underlying 
transmission price risk. After an understanding of the transmission risk dynamics on the 
spot market is gained, market participants require trust in the hedging mechanism that 
allows them to offset potential losses induced by the transmission congestion. This 
study sheds light on the efficiency of the current Nordic transmission risk hedging 
mechanism called EPAD by exploring the topic of risk premium, which is a systematic 
bias between the futures contract prices and the delivery date spot prices. Additionally, 
the work explores the joined dynamics of spot and futures prices to test how they react 
to new information and whether the futures EPAD prices are unbiased predictors of the 
delivery date spot prices. Finally, market participants need to be aware of alternative 
solutions that would enable them efficient transmission risk hedging. This work 
discusses two additional alternative LTR designs for the Nordic electricity market –
FTRs and EPAD Combos. The work illustrates the theoretical financial impacts of all 
alternative LTR solutions on the market participants and outlines the policy implications 
emerging from the overall discussion.  

This chapter specifically analyses the results outlined in the previous chapter in a 
greater context and contrasts the findings with the current theory and practice. The 
present chapter revisits the research questions proposed in the introduction and 
elaborates on the answers to each of them in the following three subchapters. The first 
subchapter provides the discussion on the research questions 1 and 1.1, which support 
the first objective – to study the uniformity of Nordic spot prices and its determinants. 
The second subchapter discusses research questions 2 and 4, which shed light on the 
third objective – to examine the price discovery processes and interrelations of spot and 
futures prices of a non-storable commodity. The third subchapter presents answers to 
the research question 3, which supports the fourth objective – to initiate a debate on 
alternative LTRs for the European electricity markets. Altogether, the discussion aims 
to expand the limited theoretical and empirical knowledge on locational price risks in 
the Nordic electricity markets. For a summary of the research questions and brief 
answers to them, see Table 6. 
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Table 6 Summary of research findings 
 Research question Findings 

RQ 1 
What are the main drivers of spot 
price differences between area and 
system prices? 

They are local demand, hydro levels, and energy 
security (the ratio of electricity import capacity to local 
demand). 

RQ 1.1 

Do significant long-term spot price 
differences between area and system 
prices exist? 

Yes, but there is a small effect size, with positive price 
differences in SE, SE4, FI, DK2, NO3, and NO4 and 
negative price differences in SE1, SE2, DK1, NO2, 
NO5, and EE. 

RQ 2 
What is the long-term and short-
term relationship between spot and 
EPAD futures prices? 

Spot and EPAD futures prices are cointegrated and in 
long-run equilibrium; short-term deviations are 
corrected in the spot markets. 

RQ 3 
Are financial transmission rights 
(FTRs) the only alternative to the 
current Nordic LTR mechanism? 

No – EPAD Combos or EPADs with improved 
efficiency are alternatives to FTRs for the Nord 
electricity markets. 

RQ 4 
Do long-term transmission rights 
(LTR) in the Nordic electricity 
markets work for hedging purposes? 

Nordic EPAD contracts contain significant positive and 
negative risk premia, but they do reduce area price risk 
exposure by non-negligible amounts. 

 

In addition to the three subchapters described above, this chapter includes a fourth 
subchapter that discusses the research limitations and avenues for further research. 

5.1 Spot price uniformity and its determinants 
Transmission pricing and congestion management have been identified as the key 
elements for competitive electricity markets (Neuhoff, et al., 2011; Oren, 1998). This is 
mainly because transmission prices send economic signals for investments in new 
generation, transmission, and load, which are then efficiently located across the 
markets. What is sought after is efficient resource sharing and a relative market 
uniformity which removes significant long-term electricity price discrepancies across 
locations. In the Nordic electricity market, the desired market uniformity, defined as the 
percentage of time with an area price difference under € 2/MWh, was 65% for the year 
2015 (Nordel, 2008). However, mainly due to the delays or changes in transmission 
network investments, the uniformity varied between 10% and 30% during 2010–2014 
(Makkonen, 2015). 

This study has tested the Nordic markets’ price uniformity on approximately 2,5 years 
of hourly price data (1.1.2010–13.7.2012), finding that cross-border congestion has 
created statistically significant price differences among the bidding areas. Specifically, 
the bidding areas are split into two groups, one characterized with electricity surplus and 
area prices falling behind the system price (SE1, SE2, DK1, NO2, NO5, and EE) and 
another characterized by electricity scarcity and area prices exceeding the system price 
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(SE, SE4, FI, DK2, NO3, and NO4). Such a classification would mean, holding 
everything else constant, that high electricity users would be economically 
disadvantaged (favoured) in the second (first) group, whereas electricity generators 
would be disadvantaged (favoured) in the first (second) group. The question of “By how 
much disadvantaged (favoured)?” is adequate here. The answer, as measured by 
Cohen’s effect size statistic, is relatively “small”. This means that despite the statistical 
significance, the economic impact of cross-border congestion is not too strong to 
seriously polarize the Nordic electricity markets. Nonetheless, attention should still be 
paid especially to south Sweden (SE4), Finland (FI), and east Denmark (DK2), which 
exhibited the strongest positive deviation from the reference system price. All the three 
mentioned bidding areas rely strongly on thermal power (NordREG, 2014), which puts 
them in a relative disadvantage against hydro-dominated or renewables-subsidized 
areas. Line enforcements, demand response, and generation fleet renewal are 
appropriate measures for strengthening the Nordic market’s price uniformity. 

The Nordic electricity area prices decouple from the reference system price in day-
ahead market for multiple reasons, such as changes in fuel prices used for electricity 
generation (oil, gas, coal, and peat), operational constraints (line failures and 
maintenance), carbon pricing (climate deals), regulation (capacity market changes), 
weather (winter, precipitation, and storms), economic activity (economic growth and 
recession), and local supply and demand conditions.  

This work has specifically investigated a series of exogenous factors that impact the 
Finnish area price spreads, defined as the hourly difference between area and system 
price. The study has identified three determinants explaining the deviation of Finnish 
area prices from the system price, namely local electricity demand, local hydro reservoir 
levels, and energy security. The first two factors are well described by earlier literature 
studying the Nordic electricity spot prices (Kristiansen, 2012; Botterud, et al., 2010; 
Marckhoff & Wimschulte, 2009). Specifically, the hydro power represents over half of 
the Nordic electricity supply so the levels of hydro reservoirs translate into the 
behaviour and levels of electricity prices (Weron & Misiorek, 2008). Typically, positive 
deviation from historical median levels of (local) hydro reservoirs translate into greater 
availability of low-cost supply thus lower area prices (Haldrup, et al., 2010). But for 
Finland, local hydro power represents only approximately 15% of the supply, so the 
impacts of the Finnish hydro reservoirs on the local area price spreads were mixed in 
the model. Norwegian and Swedish hydro levels should have been included in the 
model to better capture the weather dependency of Finnish electricity prices. By the 
same token, fluctuations in local electricity demand transfer to deviations in the hourly 
electricity prices. The positive relationship between the local electricity hourly demand 
and local area price spreads were confirmed by the estimated model. 

However, the factor having the greatest significant effect on the Finnish area price 
spreads, measured by the size of the regression coefficient, was actually energy security. 
The variable was termed energy security because it represents the market’s ability to 
cover its hourly demand by electricity imports from the interconnected areas. The 
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availability of import transmission capacity in relation to local demand was 
hypothesized to reduce the area price spread. This is because especially energy deficient 
bidding areas,5 such as Finland, rely on lower-cost electricity imports to cover their 
current demand. If the imports are restricted, local generation with higher marginal costs 
is used to satisfy the local demand, which decouples the area price from the reference 
system price. Holding everything else constant, a one percentage point increase in 
energy security decreased the local spreads by 1,50 to 1,80 EUR/MWh on average. The 
implication is that either increasing import capacities proportionally to hourly demand 
or reducing the demand itself will lead to smaller differences between the Finnish area 
price and the system price. 

Additionally, the findings underline that bidding areas strongly dependent on electricity 
imports are more exposed and thus vulnerable to sudden changes affecting the import 
capacities or actual power flow on the cross-border lines. This vulnerability materialized 
in winter 2012 when the Finnish electricity market suddenly “lost” 1000 MW of import 
capacity from Russia due to the regulatory changes in the neighbouring balancing 
market. The import loss had immediate impacts on the Finnish day-ahead prices and the 
competitive environment of the Finnish electricity market (Viljainen et al., 2012). 

5.2 Efficiency of the Nordic long-term transmission rights 
The present study attempted to shed light on the efficiency of the current Nordic LTRs 
called EPADs by focusing on two issues. First, the work focused on the topic of risk 
premia, which are mark-ups or compensations in the derivatives contracts charged either 
by producers or consumers for bearing the demand and/or price risk for the underlying 
commodity (area price risk). Second, this study investigated the long-run and short-run 
relations of EPAD prices and the underlying spot prices. Together, the two perspectives 
provide a greater empirical insight into the price discovery processes and interrelations 
of spot and futures prices in the Nordic electricity markets. 

5.2.1 Risk premia in the Nordic electricity price area differentials (EPADs) 

Risk premia, defined as the systematic bias between the trading prices of futures 
contracts (𝐹𝐹𝑡𝑡,𝑇𝑇) and their expected spot prices at delivery 𝐸𝐸(𝐹𝐹𝑇𝑇), remain a controversial 
topic despite decades of research. The problem of risk premia rests in the lack of 
understanding of what drives their directions and magnitudes and how to interpret their 
economic meaning. The question is whether risk premia denote a natural behaviour of 
risk-averse market participants willing to pay (accept) a risk premium (discount) for 
transferring the risk of unfavourable spot price movements (Marckhoff & Wimschulte, 
2009) or whether they are the sign of market inefficiency, such as arbitrage (Borenstein 
et al., 2008).  

5 Energy deficiency means that a bidding area is a net electricity importer, i.e. total generation capacity 
cannot satisfy peak electricity consumption. 
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Compared to the earlier literature (Keynes, 1930; Hicks, 1939; Lutz, 1940) which 
postulated that the difference between the current forward price and the expected future 
spot price is negative, the current studies (Bessembinder & Lemmon, 2002; Benth et al., 
2008) identify both negative and positive risk premia. The central concept in both 
perspectives is risk aversion, which is a tendency of economic agents to avoid 
uncertainty. Electricity market participants engage in derivatives trading to diversify 
risk. Namely, electricity producers desire to minimize profit variability (spot price 
variance), and electricity customers (retailers and large electricity users) aim to avoid 
positive price spikes (spot price skewness). As risk assessment measures, Bessembinder 
and Lemmon (2002) hypothesize a negative relationship of spot price variance and a 
positive relationship of spot price skewness to risk premia. 

Several researchers have tried to explain the different degrees of risk aversion that 
change the net hedging pressures between producers and consumers by multiple 
fundamental factors, such as market shares (Kristiansen, 2004; Benth et al., 2008); CO2 
prices (Furió & Meneu, 2010); hydro reservoirs levels (Lucia & Torro, 2011; Weron & 
Zator, 2014; Botterud et al., 2010); term structure, such as time-to-maturity (Benth et 
al., 2008; Álvaro & Figueroa, 2005; Longstaff & Wang, 2004; Diko et al., 2006); 
market maturity (Handsell & Shawky, 2006); market power (Borenstein, et al., 2008); 
and vertical integration (Aid et al., 2011). 

This study has empirically shown that significant positive and negative risk premia in 
EPAD contracts are present in all the contract maturities and bidding areas across the 
13-year history studied (2001–2013). The hydro reservoir level deviations from their 
historical medians were also shown to significantly impact the underlying risks, that is, 
the magnitude of price spread between the area and system prices. The study did not 
find any particular pattern of risk premia among the bidding areas or contract types, 
even though monthly EPADs tend to more often carry (1,6 times) a significant positive 
risk premium than a negative one. This finding would support the empirical and 
theoretical propositions by earlier research (Bessembinder & Lemmon, 2002; Benth et 
al., 2008) which stipulates that customers buying short-term maturity contracts are 
usually under greater hedging pressure than producers (sellers), which persuades them 
to pay a positive premium. However, in contrast to other studies (Benth et al., 2008; 
Diko et al., 2006; Weron, 2008), this research empirically shows cases in the west, 
(DK1) and east (DK2, Denmark) where risk premium does not exhibit the negative term 
structure; that is, the longer the contract from delivery, the smaller the risk premium. 
Instead, we show that risk premia can be systematically positive despite being far away 
from delivery. 

This work proposes that the interaction between market shares (Kristiansen, 2004), or 
what Benth et al. (2008) call market power, and risk aversion has the potential to 
explain both the negative term structure and the identified systematically positive 
structure of risk premia. By market share, we mean the share of demand (consumers) 
and supply (producers) in the hedging positions. Figure 7 depicts the proposed 
relationship in a simple xy chart with four highlighted sectors, where the vertical axis 
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represents the risk aversion dimension and the horizontal axis depicts the market share 
dimension. The figure explains the sign and magnitude of risk premia in the electricity 
futures contracts by focusing on four sectors in the chart. 

 
Figure 7 Explanation of sign and magnitude of forward risk premia according to risk aversion 
and market share dimensions 
 

The current theory generally predicts the negative term structure of risk premia, that is, 
moving from the bottom-right to the top-left corner or more generally from the bottom-
half to the upper-half inside the Figure 7. This is explained by a smaller number of 
consumers hedging longer-term positions combined with the high risk aversion of 
producers eager to hedge their long-term profits (bottom-right sector). This is also 
called the market power of consumers, who push the futures prices below their expected 
delivery date price (strictly negative risk premia). When coming closer to the contract 
delivery, a greater number of consumers enter the hedging position because of their 
desire to hedge short-term risks against volatile spot prices raises (top-left sector). This 
situation is called the market power of producers, who can charge a premium on the 
futures contract compared to the expected delivery date price (strictly positive risk 
premia).  

Risk aversion and market shares are both influenced by many fundamental factors, such 
as exceptionally cold or warm weather, peak/off peak periods, high/low hydro reservoir 
inflows, and CO2 prices, (Redl, et al., 2009). However, most of the past theoretical and 
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empirical studies have worked with the “traditional” electricity system dominated by 
dispatchable generation and inelastic demand. This work argues that because of the 
changing elasticity/flexibility of power supply and demand, we also see changing 
dynamics (direction and magnitude) of the forward risk premia. 

In the traditional power system, electricity suppliers operate more easily dispatchable 
generation, for example, hydro and gas, which can flexibly react to the day-ahead and 
real-time prices and move quantities supplied to the hours with highest prices. This 
flexibility (elasticity) reduces generators’ motivation to hedge production in shorter 
time frames (Kristiansen, 2004), which consequently reduces the quantity of futures 
contracts supplied, that is, lower market share of producers in futures markets closer to 
contract delivery (positive risk premia). The opposite is true for the futures contracts 
with longer-term maturity, where the share of producers desiring to hedge long-term 
revenues exceeds the threat (risk aversion) of price spikes that consumers perceive 
(negative risk premia). Also, the spot prices are not too volatile, especially because of 
the flexible Nordic hydro capacity which works as energy storage curbing the spot price 
spikes (lower skewness). The lower threat of large positive price spikes generally 
reduces consumers’ risk aversion. These factors explain the traditional negative term 
structure of risk premia. 

Nonetheless, producers supplying non-dispatchable electricity from renewable energy 
sources currently lack the flexibility to optimize their generation in the short run 
according to spot market conditions. This motivates producers with less elastic supply 
to hedge the long-term position in addition to the short-term horizons. Ceteris paribus, 
this would imply consumers have market power over producers, thus receiving short-
term hedges also at a discount (negative risk premia). But, because larger amounts of 
non-dispatchable power generation often comes with larger spot price variance and 
more frequent price spikes6 (Milstein & Tishler, 2011; Woo et al., 2011), consumers’ 
risk aversion is also high. The findings of this research that risk premia can be 
systematically positive in bidding areas with large share of wind power (DK1 and DK2) 
could thus be explained by just described inelastic supply argument. 

By the same token, if the future demand elasticity, that is, the demand response, obtains 
the envisioned scale and impact, with the consumers’ ability to switch consumption 
from hours with high prices to hours with lower prices in a short interval, we could see 
different risk premia dynamics, such as systematically negative. However, these 
arguments rely on simplified assumptions about, among others, the low presence of 
outside speculators who would quickly erode the persistent price differences in efficient 
markets.  

6 Despite the undisputable impact of RES on the reduction of carbon emission levels and spot price levels. 
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5.2.2 Long-run and short-run relations of Nordic spot and futures prices 

This study empirically investigated the price formation in the Nordic electricity futures 
markets by studying the relationship between electricity futures prices (EPADs) and the 
electricity spot prices, that is, the underlying spot price differences, called spot prices 
for brevity. By disclosing whether prices for the same underlying good (locational price 
risk) differ between two markets (spot and futures) in a significant, persistent, and 
predictable way, light is shed on the EPAD market’s efficiency. 

The present work has studied the simultaneous evolution of daily spot and futures prices 
in a bivariate vector autoregression (VAR) model where the current spot prices are 
explained by own past values and the past values of futures prices, and the futures 
prices are explained by own past values and the past values of the spot prices. In this 
setup, only EPAD monthly contracts were studied for the following two reasons. First, 
monthly EPADs provide the highest price variability by effectively being contracts with 
the shortest-term delivery period. This fact is also related to, on average, lower 
forecasting errors of market participants due to the near-term delivery period (Redl & 
Bunn, 2013). Second, monthly EPADs are one of the most liquid contract types 
(Spodniak, et al., 2014), which generally implies higher efficiency in transaction costs, 
the price discovery process, and the speed of adjustment to fundamental information. 

VAR methodology enabled this work to study four types of time-series behaviours of 
electricity spot and futures prices. First, the informational efficiency of spot and futures 
markets was tested by studying whether price movements in one of the markets are 
ultimately reflected in corresponding movements in another market. This hypothesis 
was tested by Granger causality analysis, which provided inconclusive findings on 
whether spot and futures markets are jointly informationally efficient (bidirectional 
causality) or weather either of the two markets is informationally superior to the other 
(unidirectional causality). In an earlier study (Spodniak, et al., 2014), a larger sample 
was used which mostly confirmed bidirectional causality between the Nordic spot and 
futures prices. The exceptions were SE4 (Malmö) and NO3 (Tromsø), where no 
causality and unidirectional causality from spot to futures prices were found, 
respectively. More fragmented results were found in a later study (Spodniak, 2015) 
which used a shorter sample and found bidirectional causality only for SE1 (Luleå) and 
SE2 (Sundsvall), unidirectional in the direction from spot to futures in NO1 (Oslo) and 
NO3 (Tromsø), and unidirectional in the direction from futures to spot in DK1 (Århus), 
DK2 (Copenhagen), FI (Helsinki), SE3 (Stockholm), and SE4 (Malmö). The 
interpretation of unidirectional Granger causality is that the past spot prices can be used 
to forecast the futures prices (spot to futures direction) and that the lagged futures prices 
can be used to forecast the spot prices (futures to spot direction). 

The unidirectional Granger causality implies that the market which can be used to 
forecast the other is informationally superior (it incorporates new information at faster 
pace) and that the other market’s predictive power is weak. Similar results were found 
by previous studies on electricity, gas, and oil markets (Redl et al., 2009; Nick, 2014; 
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Silvapulle & Moosa, 1999; Movassagh & Modjatahedi, 2005; Lee & Zeng, 2011; 
Dergiades et al., 2012). For example, Redl et al. (2009) find unidirectional Granger 
causality from electricity spot to futures direction, which they explain by the argument 
of adaptive price formation where market participants use past spot prices to price the 
futures. Lee and Zeng (2011) find a similar result for the oil market, where the spot oil 
prices lead and cause the futures oil prices. The opposite lead-lag relationship is found 
for electricity (Movassagh & Modjatahedi, 2005) and gas (Nick, 2014) markets, where 
the superiority of the futures market is attributed to low transaction costs and ease of 
shorting, which attracts more active speculators and hedgers who respond to new 
information more quickly. Bidirectional relationships are also empirically found by 
others (Silvapulle & Moosa, 1999; Bekiros & Diks, 2008), which points to the 
simultaneous processing of new information in both markets. 

The inconclusive evidence on whether the Nordic electricity spot and futures markets 
for transmission risks are informationally efficient or whether either of the markets 
processes new information more efficiently may stem from the following factors. The 
studied relationship relied on parametric linear Granger causality testing, however non-
linear structures, such as transaction costs, information asymmetry, and market 
microstructures may be present (Silvapulle & Moosa, 1999; Savit, 1989). New insides 
could be gaind by using  nonlinear causality testing with Hiemstra Jones Test (Diks & 
Panchenko, 2006) or Baek Brock test (Silvapulle & Moosa, 1999; Baek & Brock, 1992) 
or by applying different analytical approaches, such as quantile cointegration (Lee & 
Zeng, 2011) or wavelet analysis (Joseph, et al., 2015). Additionally, despite the large 
efforts to correctly specificy VAR models they can be sensitive to specification of lag 
polynominals. Also, market maturity and trading history may play a large role (Bunn & 
Gianfreda, 2010; Botterud, et al., 2010) which determines the strength of the spot and 
futures price relations. 

The second type of time-series behaviour of electricity spot and futures prices inspected 
was the reaction to price shocks in one of the two markets along with the magnitude, 
duration, and direction of the response in the other market. By utilizing impulse 
response functions (IRF) and variance decomposition (Shawky et al., 2003), the work 
sought to quantify the cross-market impacts, that is, how important the shock in spot 
(futures) price is in explaining the variation in the futures (spot) price at different step-
ahead forecasts. This analysis was conducted only in the earlier study (Spodniak et al., 
2014), where the spot and futures price variables were assumed to be stationary. The 
results show that the price shock in one market can explain only a limited portion of 
variation (0,3–18,7%) in the second market caused by this price shock. This implies that 
despite the identified significant unidirectional Granger causality discussed above, the 
strength and relevance of this unidirectional relationship is limited. 

The third time-series behaviour of interest that was investigated tested whether the long-
run cointegrating relationship between the spot and futures markets exists. The lack of 
cointegration could imply that the futures prices are not unbiased predictors of the spot 
prices at maturity (Bekiros & Diks, 2008), which could mean a violation of the simple 
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efficiency hypothesis (Dwyer & Wallace, 1992). This work tests the cointegration of 
spot and monthly EPAD futures prices by a Johansen cointegration test on the sample 
and VAR model specified in Spodniak (2015). In contrast to the earlier study using a 
longer sample (Spodniak et al., 2014), the later study concluded that the price variables 
are non-stationary, as mostly confirmed by multiple unit root tests (ADF, PP, and 
KPSS). The results of cointegration analysis show that spot and futures prices are in a 
long-run equilibrium in all the bidding areas studied during 2011 to 2013. This result 
implies that EPAD futures prices are unbiased predictors of the spot prices at maturity.  

Based on the confirmed cointegrating relationship between the spot and futures prices, 
the fourth time-series relation investigated the short-run adjustment dynamics of spot 
and future prices by a VEC model. The knowledge gained from this exercise is how 
quickly (adjustment speed) and in which market (spot/futures) the correction to long-run 
equilibrium takes place (Growitsch & Nepal, 2009; Redl et al., 2009). The results show 
that the spot market adjusts to short-term deviations and absorbs new information 
quicker than the futures market. The Norwegian areas NO1 and NO3 seem to be the 
only exceptions, where significant but minor corrections take place on both spot and 
futures markets. The magnitudes of adjustment coefficients show that the spot prices in 
SE1 and SE2 respond to the deviations the fastest, whereas FI is the slowest. The non-
significance of adjustment coefficients in most of the futures price equations suggests 
that the EPAD futures market does not react to short-run equilibria deviations and is 
thus less efficient than its spot counterpart. Finally, the work tested a null hypothesis of 
long-run informational efficiency and full price convergence of the two markets after 
the short-term deviation. The null could not be rejected at a 5% significance level for 
any bidding area except SE3 (Stockholm), which implies that the spot and futures prices 
fully converge and are informationally efficient in the long run. The exception of 
Stockholm’s prices not converging may be due to the whole country’s splitting from 
single into four bidding areas at the beginning of the sample, which could have 
fractured this area’s liquidity. 

This section showed that the spot and futures prices for the locational transmission risk 
in the Nordic electricity markets are in the long run at equilibrium and cointegrated. 
This implies that EPAD futures prices are unbiased predictors of the spot prices at 
maturity, limiting the possibility of intertemporal arbitrage. Despite the identified long-
run equilibrium EPADs, monthly futures and spot markets are not equally 
informationally efficient across different areas. It has been shown that the spot markets 
incorporate new information more efficiently (quickly) and futures markets’ response to 
new information is very limited. The futures market for EPADs may thus lack liquidity 
and would benefit from a greater presence of more active hedgers and speculators who 
would incorporate new fundamental information more efficiently. 
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5.3 Alternative long-term transmission rights 
The discussion on alternative LTRs for the Nordic electricity markets is motivated by 
two factors. First, the member states of the European Union have recently adopted the 
NC FCA (ENTSO-E, 2013), which stipulates that FTRs will be used as the main vehicle 
in the markets for securing the long-term transmission capacity in Europe. As this study 
explained earlier, the Nordic electricity markets rely on a technically, economically, and 
institutionally different (compared to FTRs) hedging mechanism called EPADs. 
Second, the market participants and regulators (NordREG, 2010; THEMA, 2011; 
Hagman & Bjørndalen, 2011; THEMA, 2015; Spodniak et al., 2015) have questioned 
the efficiency and liquidity of the Nordic EPAD markets, which would disqualify them 
from the EU’s exception, conditioned exactly by the liquidity of financial markets on 
both sides of an interconnector (ACER, 2011, p. 10). 

The two factors just outlined underpin the importance of clearly understanding the 
strengths, weaknesses, and potential market impacts of each LTR solution considered 
for the Nordic electricity markets before making costly overhauls or radical changes to 
the current market mechanism. All the previous discussions and analyses have focused 
on an empirical assessment of the EPAD market across a 13-year history (2001–2013). 
As a next step, this work studied two alternative LTR mechanisms for the Nordic 
electricity market: EPAD Combo and FTRs. The two alternatives were explored in two 
separate studies. The first study (Spodniak et al., 2016) replicated the theoretical 
financial impacts of transmission risk management with synthetic FTRs (EPAD 
Combo) on hedgers, whereas the second (Spodniak et al., 2016) estimated the tentative 
financial impacts on TSOs issuing FTRs. The empirical results in both studies are based 
on theoretical (synthetic) FTR values because empirical data from the Nordic electricity 
market is mostly non-existent.7 The theoretical FTR values have been calculated from 
the official closing prices of EPADs by combining (one short, one long) two EPAD 
contracts in an opposite direction (EPAD Combo) between interconnected bidding 
areas, which replicates the hedging effect of FTRs. 

The first study (Spodniak, et al., 2016) specifically explored the (future) compatibility 
and the substitutability of the FTR contracts with EPAD contracts for hedging of 
transmission risk in the Nordic electricity markets. The work presented the structure and 
characteristics of the standard FTR and the EPAD contracts, and of EPAD Combos that 
can be used to replicate the effect of FTR contracts. To study pricing accuracy of the 
replicated FTRs, the work quantified ex-post forward risk premia for 49 yearly, 172 
quarterly, and 487 monthly FTR contracts on ten selected interconnectors over the time 
period 2006-2013. 

                                                 
7 Currently, the only exception of FTR auctions according to the FCA network code is the Estonian-
Latvian interconnector. The historical data and market experience may provide a benchmark for other 
markets and future research.  
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By applying the ex-post forward risk premium methodology, the study quantified the 
average magnitude and directions of theoretical FTR contracts, which shed light on the 
market’s ability to accurately price such contracts and the underlying risk. It was argued 
that positive and negative risk premia depend on risk aversion, hedging needs, and 
market shares of market participants, who are willing to pay (accept) a risk premium 
(discount) pushing prices above (+) or below (-) the risk-neutral expected spread. The 
results showed that, on average, replicated FTRs would be sold at a discount (-), 
especially for the shorter-term contract maturities (monthly, quarterly). Two 
interconnectors (FI>EE, SE/SE3>DK1) were also identified, where the market 
participants systematically and across contract maturities mispriced (priced unnaturally) 
the replicated FTR with respect to the underlying spot price risk. 

The policy implications of the study are that it may be possible to continue with the 
EPAD-based system and use EPAD Combos in the Nordic countries even if FTR 
contracts would prevail elsewhere in the EU. But, the work also opened up important 
market efficiency issues in the current EPAD market mechanism which should be 
further addressed, especially the determination of the official closing prices (daily fix). 

Despite the fact that the great majority8 of EPAD trading takes place in the over-the-
counter (OTC) market, the current daily closing reference price (called daily fix) omits, 
however, the realized prices on the EPAD OTC market (Spodniak et al., 2015). This 
fact may have also influenced the results of this study because the empirical data used to 
replicate the FTRs is based on using the official closing prices of the last day of trading 
before the delivery period for the EPAD contracts. The missing information problem 
when replicating FTRs by using two EPAD contracts may have thus been accentuated 
by the omitted OTC trades. But more importantly, the trust of the market participants –
who use the daily closing prices as an indicator of the market price level of EPAD 
contracts or as a signal of expectations with regards to future area price differences in 
the Nordic markets EPAD – is undermined.  

The policy implication is to update the mechanism used for the calculation of the daily 
closing prices for the Nordic EPAD markets and include the full trading information, 
that is, the OTC/off-order book and the electronic trading system (ETS)/on-order book. 
Through improved transparency and greater trust in EPAD prices, additional market 
participants may be motivated to enter the market, hedge, and speculate, which 
subsequently improves the liquidity, drives down bid-ask spreads, and enhances the 
overall EPAD market efficiency. Additional step would be to directly auction tradable 
EPAD Combo contracts, which would allow those market participants who need LTRs 
to minimize transaction costs.  

The second paper addressing alternative LTRs tentatively estimated the financial 
impacts of FTR auctions on Finnish and Swedish TSOs. Using the same synthetic FTR 

                                                 
8 For instance, during each one of the years from 2007 to 2013, more than 85% of the Helsinki total 
EPAD volume was traded OTC (Spodniak et al., 2015). 
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prices derived from the historical EPAD closing prices from 2012 and 2013, the work 
estimated the expected amounts of congestion income needing to be redistributed from 
the emittance of yearly, quarterly, and monthly FTR portfolios. A simplifying 
assumption was made that the TSOs auction a fixed 70% of the NTC of a given 
interconnector. The main objective behind studying the economic outcomes for TSOs 
issuing (selling) FTR portfolios was to expose how much risk that TSOs can face when 
operating as primary FTR auctioneers and counterparties for FTR buyers. The results 
show that the expected portfolio returns (TSOs’ obligation to pay) do not necessarily 
exceed the collected congestion rents (TSOs’ income), but the returns’ expected 
volatility is high. Further, the auctioned volumes without a link to the limits of physical 
transmission capacity strongly increase financial risks for TSOs (firmness risk and 
revenue adequacy risk). 

In markets with nodal pricing model, TSOs (ISOs) handle firmness risk, i.e. selling 
transmission capacity that will not be commercially available, by simultaneous 
feasibility test. This mechanism helps TSOs to decide the amount of FTRs sold to the 
market and thus avoid the revenue adequacy problem, i.e. collecting less money from 
transmission congestion than what the TSO is obliged to pay to the FTR holders. 
Despite this mechanism, for example the PJM market has been persistently struggling 
with the FTR underfunding problem, a term used for revenue inadequacy (Hayik, 2014; 
Brint, 2013; Radford, 2016).  The point here made is to show that each LTR solution 
faces the challenge of building a reliable market that provides efficient price signals to 
the market participants. 

Each LTR solution, EPADs, EPAD Combo, or FTRs is not exclusive, and combinations 
of LTR solutions have been discussed. For instance, Houmøller (2014) argues that 
regularly auctioned FTRs by TSOs would feed liquidity to the EPAD Combo market 
because FTRs would serve as a price reference, which is ambiguous or missing in the 
current system. Nonetheless, the costs of regulation, market segmentation, and liquidity 
spillovers should be thoroughly considered before employing multiple LTR solutions. 
For instance, if TSOs auctioning FTRs need a financial license to comply with EMIR 
and MIFID II regulations9, the reporting, transparency, capital, and other obligations 
may significantly increase their operational burden. Whatever the future solution to the 
auction and after-market of the selected instruments, it is important to focus on the 
mechanisms used in determining the market and closing prices of the products. 

Last but not the least, the market participants’ actual demand for LTRs should not be 
forgotten. Surprisingly, many reports (ECA, 2015; Redpoint Energy, 2013; Fingrid, 
2015; Hagman & Bjørndalen, 2011) based on qualitative research methods (interviews 
and questionnaires) question the market participants’ real need for a cross-border LTR. 

                                                 
9 EMIR - Regulation (EU) No 648/2012 on OTC derivatives, central counterparties and trade repositories; 
MiFID I Markets in Financial Instruments Directive – Directive 2004/39/EC of the European Parliament 
and of the Council; MiFID II Markets in Financial Instruments Directive (recast) – Directive 2014/65/EU 
of the European Parliament and of the Council 
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A Nordic-wide survey should be conducted to reveal the market participants’ specific 
needs and wants for LTRs before pushing down products with no market demand. 

 

5.4 Limitations of the study and further research avenues 
The main theoretical, methodological, and policy limitations of this work are discussed 
next, and suggestions for further research avenues are proposed. 

First, this study did not attempt to evaluate the efficiency of the transmission pricing 
scheme (zonal pricing) used in the Nordic electricity market per se. Neither did this 
study attempt to compare market outcomes under different transmission pricing 
schemes, such as locational/nodal pricing (Hogan, 1992; Holmberg & Lazarczyk, 2015; 
Green, 2007). Instead, the underlying transmission pricing method used in the Nordic 
electricity market was implicitly considered as providing efficient market signals for 
generation, load, and transmission placement. This assumption could have been also 
questioned, but instead, this work focused directly on studying the transmission 
derivatives pricing schemes, mechanisms, and designs. Further research could revisit 
the spot market pricing again and focus especially on price areas that are net importers 
of electricity, that is, a power system operating near or over its capacity. These 
geographical areas have been shown to be more prone to higher spot and futures prices 
(Viljainen et al., 2012; Bessembinder & Lemmon, 2002, p. 1362).  

Second, this study did not go into details of economic dispatch and optimal electricity 
pricing, which is subject to specific network topology and physical characteristics, such 
as power flow equations, active and reactive power generation limits, transmission 
capacity constraints, and reliability and security constraints (Kristiansen, 2004). Hence, 
by omitting the micro-characteristics of the electric power network, some theoretical or 
empirical insights could not be gained, such as the effect of loop flows on local prices. 
Nonetheless, the mathematical complexity of the fundamental approach would not 
necessarily exceed the benefits gained from the top-down econometric approach used in 
this study. The future research could consider building a more complex system model 
which combines both the underlying fundamental power system structure with an 
analysis of the futures market. The particular interest would be to test the relationship 
proposed here of demand and supply elasticity on the forward risk premia. 

Finally, despite the theoretical and empirical explorations of the Nordic transmission 
derivatives market, this work provides only a limited number of practical solutions to 
measure, improve, and monitor efficiency in the electricity derivatives market. 
Furthermore, the scope of this study was limited to the Nordic electricity markets, so 
any generalization of the results to other markets should be taken with caution. 
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6 Conclusions 
The long-term prediction of electricity prices and congestion forecasts in the electricity 
networks are challenging tasks and are arguably becoming even more challenging, due 
to the increasing shares of intermittent power generation across Europe and the rest of 
the world. This same development is also relevant and noticeable in the Nordic 
electricity markets where cross-border trading represents new market opportunities but 
also challenges. For this reason, the Nordic electricity market participants need efficient 
hedging mechanisms to manage the transmission risks between different bidding areas. 
Furthermore, due to the recently approved European NC FCA and the parts with regards 
to the preference of FTR over other LTR contract types contained within it, the Nordic 
electricity markets with the current EPAD hedging mechanism face a regulatory 
challenge. EPAD market efficiency and liquidity should be improved; otherwise, new 
LTR mechanisms will substitute or append the current transmission hedging model. 

The present work empirically studied the economics of transmission network 
congestion, including the associated risks and their impacts on market participants. The 
underlying objectives were to (1) expand the empirical knowledge on locational price 
risk management, (2) study the uniformity of Nordic spot prices and its determinants, 
(3) examine the price discovery processes and the interrelations of spot and futures 
prices of a non-storable commodity, and (4) initiate a debate on alternative LTRs for the 
European electricity markets.  

The following three main findings also constitute the three main contributions this study 
has made to Nordic electricity markets theory and practice. First, it has been shown that 
despite the presence of systematic price differences between bidding zones and the 
reference system price, the real economic impacts of these differences on the market 
participants are limited. Hence, the current transmission capacity development across 
the Nordic electricity market seems economically justified. Nonetheless, it has been 
argued that net-importing bidding zones are especially more prone to systematic 
decoupling from the reference prices with greater impacts on the size of the price 
deviation. Increased interconnection capacity, demand side management, and generation 
capacity renewal are tools to minimize the systematic bias between area and system 
prices. 

Second, the study contributes to the theoretical discussion in empirical finance and 
economics about the meaning and possible determinants of forward risk premia in 
contracts for a non-storable good. Despite the findings that EPAD contracts contain 
significantly negative and positive forward risk premia, the study finds that EPAD 
prices are unbiased predictors of the expected spot prices in the long run. The work has 
also showed that the spot market is more informationally efficient in processing and 
absorbing new information more quickly than the EPAD futures market in the short run. 
Improvements for the current EPAD daily fix reference price mechanism have been 
proposed to include full information from all trades, including OTC trades. It was 
argued that the stochastic properties of risk premia and electricity derivatives in general 
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are of interest to market participants, policy makers, and regulators because they carry 
important information about the market participants’ behaviour and possible 
misbehaviour. Also, the study showed that the hypothesis of the negative term structure 
of risk premia does not always hold in the Nordic electricity markets, which is argued to 
also be influenced, in addition to risk aversion and market shares, by the increasingly 
less elastic (flexible) supply side. 

Third, alternative LTR designs (FTRs and EPAD Combo) for the Nordic electricity 
markets were discussed, their theoretical impacts on market participants (hedgers and 
TSOs) were estimated, and their individual strengths and weaknesses were analysed. 
The work has illustrated that FTR hedging effects can be replicated relatively well by 
combinations of EPAD contracts (EPAD Combo) and that TSOs theoretically 
auctioning FTR portfolios would need to newly address firmness risks, revenue 
adequacy, and counterparty risks. Overall, the longitudinal and empirical nature of this 
work aims to provide additional knowledge to the market participants and decision 
makers who can continuously improve the Nordic and European electricity markets. 
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Abstract -- Illustrated on the case of Nordic electricity market 

we conduct an econometric analysis of area price spreads 

(difference between area price and system price) in thirteen price 

zones during 2010 (Jan) - 2012 (Jul). The objectives of the study 

are twofold: (1) assess the dynamics of area price spreads and 

identify whether significant differences exist among the bidding 

zones, and (2) assess the role of cross-border transmission line 

variables, namely Elspot capacities, Elspot flow, and 

transmission line utilization. Furthermore, we test how large role 

plays an area's ability to cover its hourly demand by import in 

determining area price spread and illustrate this on the case of 

Finland. Methodologically, we utilize non-parametric methods 

for the first objective and autoregressive exogenous model for the 

second objective. The study contributes to the limited theoretical 

discussion on spatial price risks and identifies cross-border trade 

and import security as key focus areas. 

Index Terms- autoregressive processes, electricity, Europe, 

statistics, transmission lines, security 

I. INTRODUCTION 

E
lectricity markets and especially electricity price play an 
undoubtful role in the society. Among others, price 

development strongly affects costs and revenues of generators, 
retailers, and traders of electricity. Electricity price also serves 
as a reference for many financial instruments, mainly in 
electricity derivatives market. Furthermore, electricity price 
affects welfare of household and industry customers who 
determine country's wellbeing and competitiveness. Nordic 
electricity market is one of the oldest, largest and the most 
liberalized power markets in Europe and worldwide. It is 
organized into electricity wholesale market Nord Pool Spot 
coordinated by independent transmission system operators 
(TSOs), and financial market Nasdaq OMX Commodities. 
Nordic electricity spot market is currently divided into 
fourteen separate price zones reflecting transmission capacity 
constraints within the market (see Appendix). The Nordic 
power market is also constantly expanding and that is why this 
study excludes the most recent fourteenth bidding area for a 
lack of historical data. The market follows zonal pricing 
model which accounts for the transmission bottlenecks and 
enables the needed power to flow from surplus to deficit areas 
by price difference. Under conditions of unconstrained power 

transmission an area receives system price, which represents 
intersection of aggregated demand and supply for the entire 
Nordic region. On the contrary, when the transmission 
capacity at the interconnection reaches its momentary 
limitations, bidding zones diverge and receive own price. The 
prices arise naturally as part of an economic dispatch and the 
differences between locational prices capture the marginal 
cost of transmission [1:3]. 

The current paper focuses on the issues of electricity 
wholesale day-ahead market (Nord Pool Spot) and the role of 
cross-border transmission capacities in determining price 
differences across Nordic market areas. More specifically, we 
are interested in the differences between system and area price 
across the thirteen Nordic price zones. The objective is to 
identify variables that cause price difference among the 
Nordic areas and identify their impact. Statistical differences 
in electricity price across regions are analyzed ex-post over 
space and time. The variation of price over different areas 
(space) is termed a transmiss ion, spatial or basis risk and 
represents another important price risk factor for market 
participants [2:257]. 

The implicit objective in statistically assessing price 
differences across areas concerns the issue of European 
electricity market integration. The EU plans to accomplish the 
target of integrated electricity market by 2014 (Directive 
2009/72IEC Concerning common rules for the internal market 
in electricity). The ultimate goal is to have a single and 
geographically large electricity market which enhances 
competition, disperses market concentration, and allows 
efficient resource allocation. Thus by measuring the price 
spreads across geographical areas we may assess the 
effectiveness and progress towards single European electricity 
market [3], [4]. In general, allocation of transmission 
capacities is carried out dynamically by algorithms which 
maximize social welfare, either within the Nordic market or 
with the coupled markets, i.e. either between directly 
interconnected countries or for the potentially affected. Yet, 
we aim to analyze whether some areas or countries are being 
compromised by higher electricity price not in the temporary 
short-run but in relative long-run. 

The major contribution of this paper is the extension of 
currently limited research on spatial price risk studies with up-



to-date data and new methodology. We include all 13 areas of 
the Nordic electricity market (after the separation of Sweden, 
Norway and addition of Estonia) and apply nonparametric 
model to assess similarities and differences across them. In 
addition, we identify and test the drivers of area price spread 
by time-series autoregressive exogenous model. 

This paper is organized into four sections. After theoretical 
and methodological review, Section II describes the data and 
proposes the main hypotheses. Section III presents the results 
and discusses the main implications. The paper closes with 
conclusion in Section IV. 

II. THEORY AND METHODOLOGY 

A. Nordic electricity market 

Nord Pool Spot facilitates two types of power trading -
day-ahead and intra-day. The former, named Elspot, handles 
majority of the volume traded and balances most of the power 
supply and demand via contracts for a delivery the next day. 
Buy and sell bids are submitted by 12 am CET one day ahead 
for each individual hour or hourly block resulting in 24 
individual auctions. Elbas represents the latter market which 
dynamically offers power and transmission capacity within a 
day according to the transmission system conditions. Elbas 
publishes capacities for trading at 14:00 CET and bids are 
accepted up to one hour prior to delivery. The fmancial market 
Nasdaq OMX Commodities offers hedging instruments for 
price risk management, namely options on futures, ctDs, 
cash-settled short-term futures, and medium to long-term 
forwards. 

In brief, the allocation of transmission capacities between 
areas begins with national TSOs which provide maximum 
available capacity to Nord Pool without compromising the 
system security [5]. Nordic-wide guidelines for determining 
transmission capacities [6] define several key concepts, such 
as TTC, TRM, NTC, n-l rule, and also specify 
implementation of capacity calculations for each area. Nord 
Pool Spot publishes the available transmission capacities daily 
at lO am CET, two hours before the day-ahead Elspot auction 
closes. The transmission capacities are then implicitly 
auctioned in the price of electricity which reflects both the 
cost of energy and the cost of congestion [7]. The mechanism 
enabling the implicit auction in Nordic market is zonal pricing 
model which calculates two types of prices. First, system price 
calculation asswnes no congestion between the areas, i.e. all 
electricity flows fall into the transmission capacities 
dynamically assigned by TSOs. Second, when the electricity 
flows exceed the set capacity limitations between areas prices 
demerge and areas receive individual price. The area price 
algorithm merges areas on both sides of the congested line and 
calculates the new price equilibriwn. The result is a surplus 
area with lower price and deficit area with higher price, which 
leads to flows of electricity from surplus to deficit bidding 
areas [2]. Due to differences mainly in generation mix, load, 
and condition of water reservoirs across the bidding areas, the 
magnitude of price differences and direction of congestion 
also differ. 
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B. Approaches to modeling 

There is a vast amount of research done on predicting 
electricity prices varying in scale and scope [8]-[10]. In 
general, the studies follow either econometric or fundamental 
methodology [11:363]. The former refers to statistical 
methods generally omitting micro-drivers of supply and 
demand functions while including the electricity price drivers 
in specific explanatory variables. The latter methods, namely 
equilibrium [12] and simulation based [13], can be termed 
bottom-up models because they simulate specific 
characteristics and dynamics of generators' supply curve 
which determine the price. In addition, a hybrid methodology 

which combines the two methods described above utilizes 
mainly stochastic and autoregressive models, such as ARIMA, 
GARCH [14], [27] and MGARCH [15]. For additional 
overview of modeling approaches see [16]. 

Despite the extensive research, modeling studies which 
would focus on regional electricity prices and their locational 
price differences and spreads are rare. For example, [3] test 
market integration by cointegration analysis and include both 
location and demand in their examination of market linkages. 
Reference [17] models electricity forward and spot prices on 
high-frequency hourly data for PJM market in the US .. In their 
vector autoregression (V AR) models the authors use 
electricity demand and weather conditions as explanatory 
variables. Authors in reference [18] model hourly spot prices 
for seven Nordic areas with three-state regime-switching 
model allowing for different price dynamics within each area 
(long memory). The three states considered are - non­
congestion and two states for congestion depending on 
direction of excess demand (congestion). Furthermore, [15] 
utilize multivariate GARCH methodology to identify source 
and magnitude of volatility and cross-volatility spillovers of 
electricity price among five Australian spot markets. Contrary 
to [3] but in line with [19], authors in reference [15] confirm 
the electricity prices are stationary, i.e. augmented Dickey­
Fuller (ADF) test does confirm unit root. In another study, [2] 
focuses on modeling locational prices and their spreads while 
assessing risk premia of 251 cm contracts listed in Nord 
Pool. In addition to evaluation of risk-premia on daily basis 
until the contracts' maturity the authors also investigate the 
determinants of ex-post risk premia. 

C. Data and hypotheses 

All data originates from Nord Pool Spot database of 
historical market data measured in CET time zone (Nord Pool 
Spot time). All data is in high-frequency hourly intervals 
resulting in 24 observations every day during the studied 
period of January 1, 2010 to July 13, 2012. Geographically, 
we consider all Nordic countries and bidding areas operational 
during the observed interval. However, there are differences in 
time when major price areas have been established which 
leads us to divide the data into three subsets listed in the table 
below. The first period includes Sweden, Finland, Eastern 
Denmark (DKl), Western Denmark (DK2), and five 
Norwegian areas NOI (Oslo), N02 (Kristiansand), N03 
(Molde, Trondheim), N04 (Troms0), and NOS (Bergen). Prior 



to the studied period, Norway has also undergone changes in 
the number of price zones - from the initial three to four to the 
current five bidding zones since 2010. Estonia has joined the 
previously mentioned areas from 1.4.2011 and all comprise 
the second period. The third period reflects division of 
Sweden into four separate bidding areas SEl (Lulea), SE2 
(Sundsvall), SE3 (Stockholm), and SE4 (Malmo) which have 
joined the previously mentioned areas from 1.11.2011. 

TABLE II 

Hourly system price distribution in respective time periods 
Time Area N MeanMedianSTDVKurtosisMin.Max. 
1.1.2010- SE, Fl, DKI, DK2, 2160 59,45 55,14 19,47 41,103 ,00 300,03 
31.3.2010 NOI-5 
1.4.2010- SE, Fl, DKI, DK2, 1389649,92 48,80 15,36 2,884 ,00 157,59 
31.10.2011 NOI-5, EE 
1.11.2011- SEI-4, Fl, DKI, 6144 33,64 32,09 13,45 56,061 ,00 224,97 
13.7.2012 DK2, NOl-5, EE 
Total 2220046,34 45.89 17,44 12,733 ,00 300,03 

The dependent variable is the area price spread which is the 
difference between the system price and area price. As 
explained above, system price represents the intersection of 
aggregated supply and demand curves for each hour of the 
entire Nordic market assuming no congestions across different 
bidding areas. The system price serves as a reference price for 
many instruments and is equal for all areas in the Nordic 
market. Area price, however, embeds the actual limitations of 
transmission lines between areas. When the market bids 
exceed the volume of available transmission capacity between 
areas, prices diverge and price arbitrage incentivizes the 
power to flow from surplus to deficit areas. The unit of both 
variables is EUR/MWh and they are published approximately 
at 12:30 one day ahead. Below, we present the dynamics of 
mean area price spreads for all areas according to the hours of 
the day. As the figure illustrates, the price spreads obtain very 
different mean values especially between hours 8-20 when the 
imaginary scissors between the areas open the most. 

15 

hour 

Variables 
- area price spread SE 
- area price spread SE1 

area price spread SE2 
- area price spread SE3 

area price spread SE4 
- area price spread FI 
- area price spread [l(1 

area price spread DK2 
- area price spread N01 
- area price spread N02 
- area price spread N03 

area price spread N04 
- area price spread NOS 

area price spread EE 

Figure 1 Mean area price spreads during the day hours of 1.1.2010-13.7.2012 

The discussion leads us to propose the first hypothesis 
which aims to assess the relationship of area price spreads 
among the Nordic market areas. 

Hi: There are significant differences in 

distribution of area price spreads among the 

Nordic bidding areas 
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As [18] suggest we consider some of the underlying 
reasons behind congested situations among the Nordic states. 
Electricity is a unique commodity because it cannot be 
economically stored and thus consumption and production 
must be in constant balance. On the one side, as earlier 
considered [17], [20], [21], we control for electricity 
consumption because of its partial ability to explain price 
behavior [9:437]. On the other side, electricity supply is 
increasingly weather dependent, as has been the case of the 

Nordic area where over half of electricity consumed originates 
from hydropower. In order to account for the hydrological 
dependency we follow previous studies [18], [2], [22] and 
include weekly hydro reservoirs of Nordic area under 
consideration as another control variable. For hydro capacity 
yearly fluctuations in weekly frequency, see Appendix Fig.2. 

Next, we tum to the role of transmission lines and their 
impact on area price spreads. At the center of electricity 
market design stands transmission policy [23]. The role of 
interconnections has been widely studied by economists and 
policy researchers namely because the transmission lines 
determine the degree of competition among electricity 
generators [24]. Further, area price spreads resulting from 
transmission line congestion between bidding areas constitute 
a considerable risk for electricity market participants, 
especially for cross-border traders [2:267]. Geographical 
proximity and number and size of interconnectors are among 
the main determinants of interaction between regional 
electricity markets [15:348]. Therefore, we include the size 
(capacity) of each interconnector leading to an observed area 
as another explanatory variable of area price spread. As 
outlined above, Elspot capacity for commercial use measured 
in MW is determined by individual TSOs and submitted to 
Nord Pool Spot for each hour of the following day. Each 
bidding area can have multiple interconnectors which enable 
either unidirectional or bidirectional power transfer. In our 
dataset, the capacity enabling export from an area of interest 
receives positive values, and the capacity enabling import to 
an area of interest receives negative values. In addition, we 
include the actual commercial Elspot flow of power passing 
through each capacity link every hour. The coding for Elspot 
flow variable is the same as for Elspot capacity where positive 
values represent MWh/h of power exported and negative 
values MWhlh imported. Both variables Elspot capacity and 
Elspot flow are published at lO am one day ahead. 

Furthermore, we calculate hourly utilization of each 
interconnector by dividing Elspot flow by Elspot capacity to 
reflect the dynamic usage of each line measured in 
percentages. Flow and capacity of the transmission line can be 
positive or negative depending on the direction and area which 
is studied. However, the variable receives always positive 
value because if flow is positive the capacity used is also 
positive because the power flows from a bidding area via 
export link. Vice versa, if flow is negative the capacity used is 
negative because power is being imported. The line utilization 



variable serves the purpose to account for temporary and 
operational conditions of each interconnector. 

Last, we address the question of energy dependency and 
security of supply by computing variable which reflects an 
area's potential to cover its hourly electricity demand by 
import. The energy security variable is calculated as a sum of 
hourly import capacities (MW) from active interconnectors 
divided by hourly load (MWh) of the area under 
consideration. To sum up, as [2:264] demonstrated on risk 
premia of CtDs, we assess if area price spreads exhibit 
dependency in respect to transmission capacity, power flows, 
momentary line utilization, and import dependency. We 
propose and empirically test two additional hypotheses: 

H2: Transmission capacities, power flows, 

and momentary line utilization exert 

significant influence on area price spread 
H3: Increased energy security reduces area price spread 

III. RESULTS AND ANALYSIS 

The current section addresses the first hypotheses by 
nonparametric methods and compares the differences in area 
price spreads among all bidding areas active during each 
period under observation. Subsequently, the two remaining 
hypotheses are assessed by autoregressive exogenous model 
which illustrates the underlying determinants of area price 
spread on the case of Finland. 

A. Area Price Spreads 

To begin, the summary statistics of electricity system and 
area prices shown below reveal some of the embedded 
features of electricity price discussed earlier. First, the 
probability distribution of the sample includes infrequent 
extreme values, price spikes, which cause the distribution to 
be peaked - leptokurtic. Second, most of the distribution is 
located around the lower price values with long right tails 
capturing the spikes which leads to positive skewness. As 
confirmed by significance (p<.OO I) of Kolmogorov-Smirnov 
and Shapiro-Wilk tests normal distribution cannot be assumed. 
Also, the homogeneity of variance during different hours, 
days, and peak/off-peak periods has been violated by 
significance (p<.001) of Levene's test, which holds the null 
hypothesis that all variances across groups are equal. 

TABLE IV 

Summary statistic of system and area prices, 01.01.2010-
13.07.2012 

N MinimumMaximumMeanMedianStd. dev.SkewnessKurtosis 
SP' 22200 0 300,03 46,34 45,89 17,44 1,58 12,73 
SE 16056 0 1400,11 53,61 50,02 35,11 20,56 649,62 

SEI 6144 0 253,92 33,64 31,93 13,39 5,42 57,63 
SE2 6144 0 253,92 33,73 32,08 13,40 5,39 57,32 
SE3 6144 0 253,92 34,54 32,21 15,37 5,16 46,55 
SE4 6144 0 253,92 37,93 34,50 17,22 3,75 27,42 
Fl 22200 0 1400,11 49,45 46,88 32,01 20,19 692,39 

OKI 22200 -47 210,00 45,09 45,52 13,89 ,30 4,74 
OK2 22200,0 -47 2000,00 50,05 47,90 37,13 25,95 1065,74 
NO! 22200,0 0 234,38 46,30 45,95 18,61 1,33 7,09 
N02 22200,0 0 210,00 44,67 45,53 15,36 ,17 1,52 
N03 22200,0 0 1400,11 48,46 46,09 32,19 19,87 679,25 
N04 22200,0 0 1400,11 44,66 44,43 33,28 18,04 601,70 
NOS 22200,0 0 210,00 44,97 45,45 16,71 ,52 2,70 
EE 20040,0 0 2000,00 43,17 41,89 33,18 51,33 3016,68 

*SP refers to system price 
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In order not to violate the critical assumptions of 
parametric methods we turn to their nonparametric 
counterparts, which do not assume normality or homogeneity 
of variance among others. The first hypotheses aims to test 
whether there are significant differences between the system 
and area prices among the bidding areas. Because the system 
price represents equilibrium of aggregated supply and demand 
of all the bidding areas it holds true that it comes from the 
same population as the area price, which only reflects the local 
system conditions. Therefore, we are able to test the change 
from system to area price, however at this moment without 
knowing the determinants of change which are addressed in 
the next section. 

Wilcoxon signed-rank test [25] is based on the differences 
between scores (ranks) obtained from the same participant 
under two different conditions, which is comparable to 
dependent t-test. In our case, negative ranks signify that the 
system price is higher than area price and positive ranks 
indicate that area price is higher than system price. When the 
system price equals area price, the score is excluded from the 
calculation otherwise all the positive and negative differences 
are ranked from the lowest to the highest, for details see [26]. 
The test statistics (T) is based on the lowest value of the two 
ranks, which was positive for SE1, SE2, SE3, DK1, N01, 
N02, N05, and EE and negative for SE, SE4, FI, DK2, N03, 
and N04. As shown in the table below and implied, the areas 
whose test is based on the positive rank had most of the time 
lower price than the system price and vice versa, the areas 
whose test is based on the negative rank had most of the time 
price higher than the system price. The resulting Z scores, 
converted from T (equation 1), and their corresponding p­
values confirm the significance of the just described 
relationship for all except NO 1 (p=.839) and SE3 (p=.078). 

x-x T-T z=-=-
s SET (1) 

Therefore, we conclude that the price change has been 
significantly positive in SE, SE4, FI, DK2, N03, and N04 and 
significantly negative in SE1, SE2, DK1, N02, N05, and EE. 
The output is based on pooled data from all three periods 
during 2010-2012, however the same relationship holds true 
for all areas throughout the individual time periods, too. The 
area NO 1 has had significantly (p<.O 1) positive price change 
during the first two periods but significantly negative price 
change during the last period, which explains the overall non­
significant price change of this area. In addition, the effect size 
of the change is calculated by the following equation: 

z 
r = .IN (2) 

N stands for the total number of observation which is equal 
to twice the number of hours in each group because we tested 
each hour twice. Z represents z-score and r is the effect size, 
which is interpretable according to Cohen's criteria. None of 
the effects are enough large to cross the .5 or .3 benchmark of 
large and medium effect respectively. However, SE, SE4, FI, 
DK2 exhibit positive and N02 and N05 negative small effects 
of area price change. 



TABLE V 

Percentage of hours with positive, negative, and no 
difference between area and system price during 1.1.2010-
13.7.2012 with Wilcoxon signed-rank test statistics (Z) and 

effect size (r) 

Ranks Total Test stat. Effect size 
Positive Negative Equal Hours Z 

SE 53,22 32,14 14,64 16056 -37,81 -0,21 
SEl 31,49 48,8 19,71 6144 -8,36 -0,08 
SE2 32,39 47,9 19,71 6144 -6,01 -0,05 
SE3 35,27 45,02 19,71 6144 -1,76 -0,02 

SE4 47,22 33,15 19,63 6144 -28,15 -0,25 

'" FI 52,35 31,66 16 22200 -47,27 -0,22 
Q) c 
0 DKl 38,51 46,32 15,17 22200 -11,61 -0,06 N 
Q) 
.� DK2 54 30,37 15,63 22200 -44,04 -0,21 
Q. 

NOl 40,43 43,57 16 22200 -0,2 0 
N02 28,17 55,84 15,99 22200 -51,2 -0,24 
N03 49,29 34,68 16,02 22200 -40,22 -0,19 
N04 43,04 41,16 15,81 22200 -10,29 -0,05 
NOS 31,78 52,34 15,88 22200 -35,67 -0,17 
EE 41,99 48,56 9,45 20040 -17,85 -0,09 

Note: Gray shading implies areas with decreasing price trend 

B. The Case of Finland 

Among the modeling approaches discussed above, we 
embrace time series models as an adequate approach able to 
capture the specific features of electricity price [9], [21]. From 
the outlined model specifications, such as dynamic 
regressions, transfer functions, AR ARIMA, GARCH, or 
V AR, we follow [20], [7] and apply the autoregressive 
exogenous model (ARX). Our aim is to model hourly price 
spreads that are comparable to the actual hourly area price 
spreads in Finland. The autoregressive error correction model 
can be generally specified as follows: 

Yt = x;13 + Vt (3) 
Vt = -<PI Vt-l - <P2Vt-2 - ... - <Pm Vt-m + £t (4) 

£t-1N(O, 02) (5) 

First, we test for stationary conditions for the three 
analyzed periods. As shown in the table below, Augmented 
Dickey Fuller (ADF) test and its corresponding p-values 
indicate the time series is stationary after one lag order which 
signifies constant mean and variance. 

TABLE VI 
Augmented Dickey Fuller test for three time periods 

Time period 

Augmented 
Dickey Fuller 
test (ADF -Tau) 
p-value 
Lag order 

In area price 

spread 

1.1.2010-
31.3.2010 

-6,18 

>0,0001 
I 

In area price 
spread 1.4.2010-
31.10.2011 

-7,63 

>0,0001 
I 

In area price 

spread 

1.1.2011-
13.7.2012 

-2,69 

0,005 
I 
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Next, in order to reduce the impact of spikes and stabilize 
the variance, we perform natural logarithmic transformation 
on the following variables - area price spread, consumption, 
and hydro reservoirs. Area price spread includes zero and 
negative values hence a constant 38 is added which is closest 
to the minimum price spread -37,1. Our model states that 
tomorrow's hourly area price spread for Finland depends on 
the area price spread 24, 48, and 168 hours before the 
prediction while controlling for the hydro reservoirs and 
demand in Finland. In order to test the hypotheses H2 and H3, 
the area price spread is also regressed by the conditions of the 

transmission interconnectors and energy security, i.e. import 
dependency. The following formula expresses the above 
described relationship: 

apsFIt = /11apsFIt_24 + P.2apsFIt_48+ P.3apsFIt_168 + n est + 

'Y dt + 0 lec;t + + 0 2efit + 0 3lu;t + 01; + Et (6) 

The autoregressive effects of the previous days are 
accounted for by the lagged In area price spreads apsFIt_24, 

apsFIt_48, and apsFIt_168. The variable aes stands for energy 
security which captures the area's ability to import a share of 
its momentary demand from neighboring areas. The hourly 

day-ahead electricity demand is captured by 'Y dt. The 
conditions of interconnectors are captured by 8;t coefficients, 

where 6lec;t stands for the Elspot capacities of each 

interconnector, 62efit considers the Elspot flow, and 631u;t 
represents the line utilization. Last the supply side dependency 

on weather is expressed by weekly hydro reservoirs level sh; 
The summary of regression models are based on Yule-Walker 
estimates and the results, including summary of residuals and 
fit diagnostics, for the three separate periods are presented in 
Appendix. 

From the analysis of residuals and also Durbin-Watson 
statistics no major serial autocorrelation of residuals has been 
identified. Even though the models explain a fair amount of 
variation R2 they were not able to capture the extreme peak 
area price differences. However, we are able to observe the 
directions, significance, and magnitude of effects under 
consideration. First, we note that the variable with the highest 
regression coefficient across the models is the energy security, 
i.e. the area's momentary ability to cover its demand by 
import. The negative sign confirms the relationship proposed 
by hypothesis 3, which states that increasing energy security 
decreases the area price spread. The second highest significant 
coefficient is the electricity demand which as expected has a 
positive relationship with area price spread, i.e. increasing 
consumption leads to higher difference between the system 
and area price. The hydro reservoir variable seems rather 
unstable with differing signs and significance throughout the 
three periods. The assumed relationship is proved significant 
(p=0.05) in the first model which states that increased levels 
of hydro reservoirs leads to decreased area price spread. 
Among the autoregressive effects, the area price spread lagged 
24 and 168 hours seem to exert the highest influence. 

Compared to the previous coefficients, the specific 
transmission line variables have rather modest influence on 



the area price spread in Finland. Nevertheless, the signs of the 
coefficients prove the logical relationship for most of the 
transmission line indicators. For example, because the Elspot 
capacities for import direction are in negative values, their 
increase means lower possibility to import and that is why it 
leads to higher area price spread. By the same token, the 
Elspot capacities of export direction are in positive values, 
their increase means that more capacity available for export 
leads to increased area price spread. This holds true for all 
models and time periods except for the export link FI>SEI in 
the last time period which has a negative sign implying more 
export capacity available for this interconnection decreases the 
area price spread in Finland. The variable Elspot flow, which 
measures the actual commercial flow of power within the 
limits of the available capacity, is assumed to reflect the 
differing role of each interconnector for the area price spread 
in Finland. For example, when SE>FI flow increased in the 
first period it had a positive impact on area price spread, i.e. 
increased export lead to higher area price spread. On the other 
hand, when RU>FI flow decreased in the second period, i.e. 
the import increased, on average the area price spread also 
decreased. Last, the line utilization variable which reflects the 
usage of available capacity in percentages is implied to reduce 
the area price spread. This negative relationship is significant 
in most of the cases except for FI>SE in the second period and 
FI>SE3 in the third period which show positive impact on area 
price spread, i.e. the more the transmission line's available 
capacity is used the higher the area price spread. However, 
this reverse relationship may point out to where the major 
bottlenecks of the grid lie. In general, the transmission line 
variables did not strongly contribute to the model and showed 
varying effects in direction and magnitude over the studied 
time periods. Therefore, we consider the third hypothesis only 
partially supported. 

IV. CONCLUSIONS 

In the context of planned achievement of European internal 
electricity market (IAE) by 2014 and implementation of 
Target Electricity Model electricity price is also an adequate 
measure of market integration. However, Nordpool Spot 
market barely achieves a common electricity price twenty 
percent of the trading time. The present study attempted to 
empirically test the theoretical concept of single electricity 
market, fill the gap in the current research on spatial price 
risks, and illustrate the case on the Nordic electricity market. 
The price discrepancies originate mainly from differences in 
generation mix, electricity demand, and conditions of hydro 
reservoirs. Despite the abundance of factors affecting the area 
price spreads the current paper indentified and empirically 
tested the impacts of concrete and often infrastructure-related 
determinants. 

The study has confirmed the first hypothesis (HI ) that 
significant long term differences in area price spreads do exist 
among the bidding zones. Within the developed framework 
where negative difference signifies decreasing price trend 
(system price is higher than area price) and positive difference 
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system price), the study has shown significant negative (SE I ,  
SE2, DKI , N02, N05, EE) and positive (SE, SE4, FI, DK2, 
N03, N04) differences in area price spreads during 2010-
2012. Considering the magnitude of the identified effects, 
none of them crossed the benchmarks of large or medium 
effect size. Nonetheless, the highest values in the small effect 
size category were obtained in SE4, FI, and DK2 (positive), 
and N02 and N05 (negative). 

The study went further to identify and test major 
determinants of area price spreads (H2, H3). The most 
significant antecedent of area price spread proved to be the 
area's momentary ability to cover its demand by import from 
the neighboring areas. This variable was termed energy 
security and its negative relationship to area price spread 
confirmed the proposed hypothesis (H3). The relationship has 
been illustrated on the case of Finland and further highlighted 
the importance of interconnectors in respect to the area's 
demand. It should be noted that the relationship of area price 
spread and energy security may be more significant in energy 
deficit areas which Finland represents. Yet, the role of specific 
transmISSIon line variables proposed in H2, namely 
transmission capacities, power flows, and momentary line 
utilization, showed weak explanatory power and varying 
effects in direction and magnitude over the studied time 
periods. Therefore, we consider the third hypothesis only 
partially supported. 

To conclude, it has been shown that within one European 
electricity market, significant price differences exist in relative 
long-run. The impacts of identified discrepancies on electricity 
market stakeholders require further investigation. The center 
of attention should be directed at transmission policy in 
general, and cross-border trade and import security in 
particular. 

V. ApPENDIX 

indicates increasing price trend (area price is higher than Fig. 1. Maximum net transfer capacity in Nordic electricity market [28] 



TABLE I 

Summary of main variables 
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Model summary for three time periods 

In area price spread 1.1.2010-31.3.2010 

Intercept 
In aps t-24 

In aps t-48 
In aps t-168 
en.security 

In demand 

In hydro 
ec Fl>SE 
ec SE>Fl 
ec RU>fi 

ef SE>Fl 

ef RU>FI 
lu RU>FT 

lu FI>SE 

N 
D-W statistics 

Total R2 
MSE 

SBC 
AlC 

Coefficient 

-57.6633 
0.1161 

0.002596 
0.1552 
-14.8903 

6.7354 
-0.1679 
0.000352 
0.001258 
0.003422 
0.000249 

-0.000853 
-0.0158 
-0.001027 

1989 

1.9307 

0.7912 
0.03098 
-1163.8589 
-1247.7897 

p-value 

<.0001 
<.0001 
0.8965 
<.0001 
<.0001 

<.0001 
0.0527 
0.0002 
<.0001 
0.01 \0 
<.0001 

0.5242 
0.3431 

0.0040 

* 
..c: 

" o ;....'­,':: 0. 
.2 E 
t: '" U en 
OJ " - 0 U-l U 

* 
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In area price spread 1.4.2010-31.10.2011 

Intercept 
In aps t-24 

In aps t-48 
In aps t-168 
en. security 

In demand 
In hydro 
ec FT>SE 
ec SE>FT 
ec RU>fi 
ec EE>FT 

ef SE>FT 

ef RU>FT 
ef Fl>EE 
lu RU>FT 

lu FT>SE 
lu FT>EE 

N 
D-W statistics 
Total R2 
MSE 

SBC 
AIC 

Coefficient 

-6.3733 
0.1824 
0.1093 
0.0892 
-1.5037 

0.9310 
0.1488 
0.0000383 
0.000295 
0.000759 
0.000200 

-0.000013 

-0.000530 
-0.000146 

-0.007876 
0.000404 
-0.000130 

13771 
1.8223 
0.8183 
0.00647 
-30160.179 
-30295.724 

p-value 

<.0001 
<.0001 
<.0001 
<.0001 
<.0001 

<.0001 
<.0001 
0.0079 
<.0001 
<.0001 
<.0001 

<.0001 

<.0001 
<.0001 
<.0001 
<.0001 
0.0012 

In area price spread 1.1.2011-13.7.2012 

Intercept 
In aps t-24 

In aps t-48 
In aps t-168 
en. security 

In demand 

In hydro 
ec H>SEI 
ec SEI >FI 
ec H>SE3 
ec SE3>FI 
ec RU>fi 
ec EE>H 

ef SEl>H 
ef SE3>H 
ef RU>FT 
ef H>EE 

lu RU>H 
lu Fl>EE 

lu FT>SEI 
lu FT>SE3 

N 
D-W statistics 
Total R2 

MSE 

SBC 
AlC 

Coefficient p-value 

-5.6778 <.0001 
0.1880 
0.0529 
0.1060 
-1.8238 

0.9272 
0.006597 

-0.000229 
0.000238 
0.000103 
0.000319 
0.000255 
0.000320 

-0.000080 
4.7935E-6 

0.0000341 
-0.000094 
-0.000064 
-0.000131 

-0.000983 
0.000296 

6065 
2.0763 
0.6597 

0.00635 
-13302.585 
-13450.211 

<.0001 
<.0001 
<.0001 
<.0001 

<.0001 
0.5489 

<.0001 
<.0001 
<.0001 
<.0001 
<.0001 
<.0001 

0.0303 

0.2600 
0.0084 
<.0001 
0.4883 
0.0027 

0.0605 
<.0001 
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100% pro 12.04.2004: 121176 GWh. Min, max and median values for the period 1990·2006. 
Figure 2 Percentage of hydro reservoir capacity for electricity exchange [29] 
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Abstract 

This paper presents new and updated evidence on the efficiency of the EPAD contracts in the 

Nordic financial electricity market, based on a long sample of 14 years, from 2000 to 2013 

inclusive. The Electricity Price Area Differentials (EPADs) are used to hedge against price 

differences between a bidding area and the Nordic system price. The aim of this paper is 

twofold. First, we estimate the magnitude and significance of ex-post risk premia in EPAD 

products (season, month, quarter, year) with delivery in 2000-2013. Further, we estimate the 

relationship between spot and futures prices by vector autoregression (VAR) model. By 

observing Granger causalities, adjustments to price shocks, and decomposing variance, we 

aim to shed light on the EPADs’ efficiency. Second, we elaborate on some determinants of 

risk premia and test the roles of time-to-maturity and open interest on risk premia. We 

additionally consider, for the Nordic system an essential energy source, the role of water 

availability in the hydro reservoirs on explaining local area price spreads. We support and 

reject some of the earlier findings about the limited efficiency of the EPADs and bring new 

empirical evidence on the drivers behind the regional price dynamics.  
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1 Introduction 

In Europe, the main reason for designing new energy market rules is to facilitate achievement 

of a well functioning European Internal Energy Market (IEM). This is often referred to as the 

Target Model for the electricity market and consists of rules governing relevant market time 

frames. These time frames are covered in the network codes on Electricity Balancing, 

Capacity Allocation and Congestion Management, and the Forward Capacity Allocation. In 

this setting the forward capacity allocation code stipulates the rules governing the auctioning 

of hedging instruments by TSOs enabling hedging of price differences. Financial and 

physical transmission rights, abbreviated FTR1 and PTR respectively, are playing an essential 

role in shaping these market network rules (Rosellón & Kristiansen, 2013). Some of the key 

objectives behind introducing tradable transmission rights are promotion of efficiency in 

cross-border transmission infrastructure, promotion of cross-border competition in 

generation, mitigation of market power in generation, facilitation of investments in cross-

border transmission capacity, risk allocation to TSOs, and accommodation of intermittent 

generation (Newbery & Strbac, 2011).  

Currently, the European cross-border transmission is allocated by TSOs in a single price 

coupling algorithm based on marginal pricing principle in the day-ahead implicit auction 

(ACER, 2011).  Much research has been devoted to Financial Transmission Rights, FTRs, 

that would result from an implementation of the above mentioned network codes (Buglione, 

et al. 2009; Füss, Mahringer, & Prokopczuk, 2013; Glachant, 2010; Wobben, 2009(Buglione, 

Cervigni, Fumagalli, Fumagalli, & Poletti, 2009; Füss, Mahringer, & Prokopczuk, 2013; 

Glachant, 2010; Wobben, 2009), whereas the role of FTRs in the Nordic setting has received 

much less attention as the Nordic market has an exemption from implementing the FTRs 

(Hagman & Bjørndalen, 2011; Kristiansen, 2004; Kristiansen, 2004; Marckhoff & 

Wimschulte, 2009).  

In the Nordic market the EPAD2 contracts, Electricity Price Area Differential, could fulfil the 

role of FTRs, i.e. they are used to hedge a basis risk arising from congestion between 

zones/nodes. There are two main differences between EPADs and FTRs in the current 

1 FTR is “a financial contract to hedge source-to-sink (point-to-point) congestion and entitles its holder the 
right – or – obligation – to collect a payment when congestion arises in the energy market”  (Rosellón  &  
Kristiansen, 2013).   
2 We refer to EPADs and CfDs interchangeably and treat them equally, depending mainly on the context and 
historical reference to each term. 



3 
 

setting. First, EPADs have no connection to congestion rent collected by TSOs/ISOs during 

cross-border congestion, whereas FTRs are issued directly by TSOs/ISOs which in this way 

redistribute the collected congestion rent (Kristiansen, 2004). Second, FTRs hedge price 

difference between bidding zones whereas EPADs hedge the price difference between 

bidding zone and a “reference” system price. 

While much theoretical and empirical scrutiny has been devoted to efficiency of wholesale 

electricity markets (Growitsch & Nepal, 2009; Borenstein, Bushnell, & Wolak, 2002; 

Joskow, 2006), the efficiency and determinants of realized risk premia in forward markets 

remains less charted research area (Redl & Bunn, 2013). Risk premia are understood as a 

systematic difference between forward price and the realized delivery date spot price 

(Shawky, Marathe, & Barrett, 2003). Therefore, from price efficiency point of view, not only 

mark-ups in wholesale spot prices are of interest to market participants, but also the role and 

determinants of risk premia in forwards contracts deserve scrutiny. 

An efficient market should not facilitate any significant arbitrage opportunities for strategic 

market players in a long-run. We aim to test the no-arbitrage condition on the case of Nordic 

EPADs by scrutinizing the price discovery process of individual contracts across all traded 

time horizons (seasonal, monthly,  quarterly, yearly) and geographical locations (10 Nordic 

price zones) during the period 2000-2013. Our work aims to shed light on dynamics and 

determinants of locational price spreads in the day-ahead auctions, i.e. the difference between 

area prices and “reference” system price, and the EPAD as the corresponding financial 

contracts managing this type of risk. The goal is to estimate and explore the dynamic drivers 

of risk premia in EPADs and evaluate the market’s overall efficiency by studying the 

integration between spot and futures price. 

1.1 Research background – factors affecting price efficiency  

The drivers of different economic outcomes across electricity markets stem from multiple 

factors, among which are relative production costs, fuel prices, and overall demand. The 

geographical characteristics of Nordic electricity market, for instance, oblige researchers to 

account for the dominant role hydro power when considering any market efficiencies.  

The impacts of long-term contracts and other vertical arrangements were also shown to lead 

to performance differences in electricity markets (Bushnell, Mansur, & Saravia, 2008; 

Christensen, Jensen, & Mollgaard, 2007). The more specific problem of evaluating efficiency 
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of electricity derivatives market needs to take into account the unique characteristics of 

electricity3 where classic arbitrage arguments do not hold for valuation of forwards and 

futures. This is because electricity contracts are delivered over time based on commodity 

flows (Wimschulte, 2010; Lucia & Schwartz, 2000). Yet, studies on efficiency of electricity 

futures and forward markets differ in conclusions. In the case of Nordic electricity market, 

Kristiansen (2007) finds inefficient pricing for month, season and year forwards, whereas 

Wimschulte (2010) finds no significant price differentials between futures portfolios and 

corresponding forward prices when transaction costs are considered. 

Currently, the specific challenges of EPADs in the Nordic electricity market seemingly stem 

from the lack of sellers and wide price spreads in some price areas4.  This  situation  could  

make it costly for suppliers to enter the market without having a physical production in it 

(Nasdaq OMX, 2014). Solutions to these problems are not yet in place, however ENTSO-E’s 

network codes on Capacity Allocation and Congestion Management (CACM) and Forward 

Capacity Allocation (FCA) aim to build transparency via standards for harmonizing the rules 

across market borders. Among the discussed solutions of managing spatial price risks are 

auctioning of FTRs/PTRs or EPADs (Johansson & Nilsson, 2011). The general trend is to 

enable TSOs auction cross-border hedging products to aid liquidity and transparency hence 

overall market efficiency5. 

Liquidity is a factor in forward electricity markets that impacts efficiency by affecting 

transaction costs, price discovery process, and speed of adjustment to fundamental 

information. Market participants desire to quickly find trading partners with whom to enter 

into or exit from contractual positions without adversely affecting asset’s price (Sarr & 

Lybek, 2002, p. 4). Liquidity is affected, among others, by market design, maturity as well as 

market concentration (ACER, 2014, p. 14). Different measures of liquidity in electricity 

markets exist, such as churn rates or open interest. The churn rate is a ratio between the 

volume of all trades in all timeframes executed in a given market and its total demand 

                                                
3 Non-storability, constant balance of supply and demand, , physical interconnection between customer and 
producer, somewhat limited demand elasticity 
4 The market can be characterized as thin but deep in Sarr and Lybek (2002, pp. 5-6) terms. Breadth implies 
number of participants (thin vs. broad) and depth implies the existence of abundant orders (deep vs. shallow)  
5 Growitsch and Nepal (2009) argue that transparency and liquidity are the major means of fostering efficiency 
in the electricity wholesale market.  
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(ACER, 2014, p. 13)6. The open interest represents a number of open contracts which have 

not  yet  been  liquidated  either  by  an  offsetting  trade  or  an  exercise  or  assignment  (Nasdaq,  

2014). In addition, bid-ask spread may also be considered as a direct measure of liquidity 

with more pronounced effects on transaction costs for market participants7,8.  

In sum, there are multiple fundamental risk factors affecting supply and demand sides in 

electricity markets that need to be considered when assessing efficiency of a specific hedging 

instrument such as EPAD. Next we present our research question, state main objectives and 

contributions.  

1.1 Research Question, Objectives, and Contributions 

Our key research question is: What constitutes the risk premia in Electricity Price Area 

Differentials (EPADs) in the Nordic electricity market? The underlining objective is to 

evaluate the efficiency of EPAD contracts in the Nordic electricity market for the period 

2000-2013 by 1) studying significance, direction, and magnitude of risk premia according to 

location, delivery periods, and time-to-maturity, and 2) evaluating the effects of underlying 

fundamental factors on risk premia (liquidity, time-to-maturity, market size changes, and 

water availability in the hydro reservoirs). To reveal whether a long-term relationship 

between expected futures price of EPAD and the realized spot price of EPAD exists we 

estimate a vector autoregression (VAR) model. This research design enables us to test long-

term bi-directional Granger causality between the two price series and their short-term 

response to price shocks by impulse response functions (IRF). We further decompose the 

sources of variation in the estimated VAR models and jointly derive conclusions relating to 

EPADs overall efficiency.9 

Our main contribution lies in expanding the limited research on locational price risks in 

electricity markets and determining their drivers. We bring into the debate a new timeframe 

                                                
6 It can be understood as a number showing how many times a megawatt hour is traded before it is delivered to 
the  final  consumer.  Some  stakeholders  consider  a  churn  rate  of  at  least  3  to  be  a  minimum  value.  The  most  
liquid market in Europe, Germany, reaches on average a churn of 8.5 
7 The bid-ask spread may reflect (Sarr & Lybek, 2002, p. 9) i) order-processing costs; ii) asymmetric 
information costs; iii) inventory-carrying costs; and iv) oligopolistic market structure costs  
8 Other authors, such as Wimschulte (The futures and forward price differential in the Nordic electricity market, 
2010, p. 4733) discuss the issue of liquidity between the futures portfolios and forwards. 
9 The comparison between the EPAD price and the realized spot price rests on the heroic assumption of 
perfectly rational expectations, that there are no hidden or private information in the price formation. We do not 
directly aim to test the efficient market hypothesis but would like to point out to the growing discussion on 
financial behavior that actually puts this assumption in question. However, we suggest that the methods we use 
could be a first indication of efficiency in a market.   
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(2000-2013) which is characterized by fundamental market changes, such as implementation 

of EU ETS, introduction of the 3rd Energy Package, and market size changes, i.e. inclusion of 

Estonia, Lithuania, Latvia and splitting of Sweden and Norway into multiple zones. We 

include the time period Marckhoff & Wimschulte (2009) had studied and expand both scale 

(sample  size)  and  scope  (additional  drivers  of  risk  premia).  We  consider  the  role  of  water  

availability in the hydro reservoirs on locational price spreads, and add the discussion on the 

role of liquidity (open interest) on risk premia. Also, we investigate whether EPAD risk 

premia are a negative function of time-to-maturity.  

As a proxy to EPAD’s efficiency, we finally estimate a vector autoregression (VAR) model 

of relationships between expected futures price of EPAD and the realized spot price of EPAD 

for each area and delivery period. We aim to test their long-term relationship by Granger 

causality  tests  and  short-term  adjustments  to  shocks  by  impulse  response  functions  and

variance decomposition. The application of VAR to evaluate market efficiency of EPADs is a 

contribution to empirical studies literature on derivatives pricing. 

2 Risk management in the Nordic electricity market 

Market actors within the electricity market face regular risks of changing input prices and 

varying demand in space10 and time. In the future, it may be expected that intermittent power 

sources will contribute to increased volatility in prices thus to some extent accentuating these 

risks. In a well-functioning market, financial instruments to hedge risks should spontaneously 

arise when the values of the risks to market participants exceeds the individual participants 

preferred risk and opportunity exposure. Typically a producer may wish to lessen the 

volatility of earnings over time and retailers may want to control input costs, hence a market 

for an instrument achieving this would emerge. In electricity markets, one interesting feature 

is the physical connection between generation and final demand. Whenever there is a 

bottleneck in the system, underlying fundamentals and valuations create a pressure towards 

geographically differentiated prices (Bohn, Caramanis, & Schweppe, 1984; Stoft, 2002). 

Thus  the  risks  in  the  electricity  market  are  not  only  related  to  the  actions  of  consumers  or  

producers making choices of consumption or production. They also depend on 

infrastructure’s availability and usage which also varies in time and space, depending on 

10 For example, if procurement and invoicing is done in different currencies the entity involved may want to 
control its currency exchange risk.  
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market and technical conditions. These temporal and spatial dimensions of the risk of future 

price development are intimately related to the availability of infrastructure. 

In our study of the electricity market we deal with two main types of price risks11. First, what 

is  the  price  going  to  be  in  the  future  (temporal  risk)?  Second,  how  often  is  the  congestion  

going to cause price differences across bidding area borders (spatial risk)? In brief, the 

current Nordic electricity market handles these risks via two instruments. The future price 

risk can be managed by taking positions in forwards or futures instruments settled against the 

system price. The  system  price  is  the  unconstrained  Nordic  price  and  is  a  price  calculated  

without any congestion in the grid. This price is used for settlement of financial hedging 

instruments and not directly used in the spot market. The spatial price risk is dealt with by 

market splitting, i.e. situations when transmission capacity to deficit area is insufficient to 

equalize the price difference between adjacent areas at time t.   

The second price risk can be denoted also as area price risk or basis risk, and is managed by 

Electricity Price Area Differential (EPAD) financial products. This type of instrument was 

introduced in Nord Pool in 2000. The underlying product is a forward contract on the future 

price difference between the area and system price in a specified period.12 There are EPAD-

contracts for months, quarters and the three coming calendar years.13 For the illustration of 

spatial dimension of the Nordic electricity market, see the map in Figure 1. The Nordic 

generation mix is heterogeneous throughout the different areas. Norway and bidding areas 1 

and 2 in Sweden are mainly hydro. In Southern Sweden, bidding area 3, there is some hydro 

but mainly nuclear and CHP. The Swedish area 3 and the Finnish bidding area have strong 

similarities. The Finnish area has some additional run of river power generation in the North. 

Sweden south, bidding area, 4, only has thermal generation capacity. Denmark 1 and 2 has 

non-trivial amounts of wind power and thermal capacity. The Baltic States are currently 

mostly relying on thermal capacity.  

11 The market actor faces a variety of other risks e.g. the risk from making forecast errors making the actor pay 
or receive payment for imbalances in the settlement with the TSO. 
12 Historically  listed  CfD-contracts  on  Nord  Pool  are  for  the  areas  of  Copenhagen (Eastern  Denmark),  Århus  
(Western Denmark), Helsinki (Finland), Stockholm (Sweden) and Oslo (South-Eastern Norway). In November 
2010 NordPool listed CfD-contracts for the Norwegian area Tromsø and for the forthcoming Swedish bidding 
areas Luleå, Sundsvall and Malmö in November 2011.  
13 Seasonal contracts were traded from 2000 to 2005 and substituted by quarterly contracts. They were Winter 1 
(January-April), Summer (May-September), and Winter 2 (October-December) 



8 

Figure 1 Map of the Nordic electricity market (Nord Pool Spot, 2014) 

One distinct feature of the Nordic electricity market is its division into parts which are 

deregulated, with a free price formation, and the regulated distribution networks and 

transmission grids. If a plant is biding into Nord Pool Spot it has to manage the risk if it fails 

to physically deliver in real time, i.e. the participant has a balance responsibility agreement 

with  the  relevant  TSO  either  directly  or  indirectly  via  another  balance  responsibility  party.  

This is somewhat trickier on the demand side as there is only partial deployment of hourly 

metering (mainly at really large customers). Thus the retailers may know the price agreed to 
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the customer but they do not know the exact quantity demanded. Additionally, the 

households are still in many cases charged according to predefined profile rather than actual 

consumption. Despite the increasing deployment of smart meters across the EU (80% by 

2020), the price risks remain a pressing issue for retailers without hourly, or spot price based 

contracts with customers. The retailers thus hedge prices of customers fixed price contracts. 

This practice is clearly contingent on where the customers are located as, for example 

Norwegians are more prone to contracts with a variable price following Nord Pool spot than 

the Swedes (NVE, 2012).  

The awareness of the European legislators that the regulated and deregulated parts of the 

electricity market are connected is slowly but steadily increasing. Thus the new EU 

legislation stipulates that the amount of transmission capacity should be present in either the 

financial markets e.g. financial transmission rights (FTRs) or be ensured by selling physical 

transmission rights (PTRs) (ENTSO-E, 2013) In the Nordic market there have been some 

worries that demanding the selling of FTRs would wreak havoc on the market design and in 

worst case undermine a well-functioning financial market (Hagman & Bjørndalen, 2011). 

This has led to the exemption (ACER, 2011, p. 10) under the condition unless “[…] 

appropriate cross-border financial hedging is offered in liquid financial markets on both 

side(s) of an interconnector”.  

3 Derivative pricing  
Due to technical and economic limitations of electricity storability, the traditional theory of 

storage14 is not applicable to pricing electricity derivatives. Instead, the price of electricity 

derivatives is determined by expectations and risk preferences of market participants15. Risk 

premia represent a premium (discount) that buyers (sellers) of futures contracts are willing to 

pay (accept) in addition to the expected future spot price in order to eliminate the risk of 

unfavourable future spot price movements (Marckhoff & Wimschulte, 2009, p. 263). This 

14 Theory of storage – the difference between today’s spot and futures prices (Marckhoff & Wimschulte, 2009, 

p. 262) while considering interest rate (interest forgone), storage costs, and convenience yield (Kaldor, 1939;

Working, 1948) 
15 This approach to pricing derivatives introduced by Cootner (1960), Dusak (1973), Breeden (1980) 
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approach states ex-ante16 that the futures price ,  is determined by the expected future spot 

price ( | ) and risk premia  where  is the information set available at time t.  

, = ( | ) +    (1) 

It is a common practice in forward and futures pricing litereatrue (equity, foreign exchange, 

fixed income derivates) to calculate the ex-ante premium in the forward price as ex-post 

differential between futures prices and realized delivery date spot prices (Shawky, Marathe, 

& Barrett, 2003). Longstaff and Wang (2004) suggested this ex-post approach to risk premia 

by using  as a proxy for ( ), and Marckhoff and Wimschulte (2009) applied this proxy 

to  calculate  the  ex-post risk  premia  for  EPADs.  In  our  study,  we  too  embrace  the  ex-post  

approach to risk premia. 

More specifically, during each day of the delivery period, the holder of long EPAD position 

receives a payoff which is similar to receiving the area spot price and paying the system spot 

price. Kristiansen (2004) sees ex-post risk premia as the difference between average CfD 

prices and the average difference between area and system price during the delivery period. 

Another ex-post approach employed by Marckhoff & Wimschulte (2009) is to examine risk 

premia on daily basis instead of averaging ex-post premia. The latter approach thus enables 

assessment of CfD’s development throughout the contract’s duration.  In detail, CfD risk 

premium at time t for delivery at T  = price of CfD contract on time t for delivery at T – the 

expected price (expected at the present moment t) of CfD contract on time T for delivery at T. 

More formally, as Marckhoff and Wimschulte (2009, p. 263) specify: 

= , ( , ) (2) 

CfD risk premium at time t for delivery at T  = CfD price on time t for delivery at T – average 

realized difference between the area price and the system price during the delivery period 

between T1 and T2.The premium for each delivery period (year/month/quarter/week) and area 

is computed separately. For practical purpose/empirical research, the  following  CfD payoff  

formula is used: 

= , ( )  (3) 

                                                
16 the  well-known interpretation  of  futures  prices  as  expected  spot  prices  at  maturity  under  a  suitably  chosen 
(possibly non-unique) risk-neutral measure Q (Cox and Ross, 1976; and Harrison and Kreps, 1979) still holds { 
also for electricity (Füss, Mahringer, & Prokopczuk, 2013, p. 15) 
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where is the risk premium;

,  –closing price of the CfD contract on day t for delivery in period T;  

 and  – spot area and system prices, respectively, at hour h;

and – start and end of the delivery period, respectively; 

 = duration of the delivery period, in hours. 

For an additional overview of empirical studies dealing with spatial price risks in spot and 

forwards electricity markets, see Table 1. Quick glance at time frames of the listed studies 

underlines the scale and scope of our sample (2000-2013) which also aims to validate the 

findings of earlier studies illustrated on shorter time periods.  

Table 1 Summary of studies on spatial price risks in electricity markets  
Study Region Model Data Results Time frame 

(Marckhoff & 
Wimschulte, 

2009) 
Nordic 

Electricity forward 
pricing model; ex-
post calculation of 

risk premia 

Daily baseload prices 
as underlying of 251 
CfD contracts  with 
monthly, quarterly, 
seasonal and yearly 

delivery periods 

CfDs contain adequate risk premia 
reflecting market efficiency; 

hydropower significantly impacts area 
price spreads; risk premia positively 

(negatively) related to skewness 
(variance) of spot price 

2001-2006 

(Haldrup & 
Nielsen, 2006) Nordic 

Regime-switching 
long-memory 

model 

Hourly area spot price 
studied in non-
congested and 

congested time periods 
depending on direction 

of congestion 

Price dynamics and long memory of 
price differ across areas; fractional 

cointegration 

3 January 
2000-25 
October 

2003 

(Worthington, 
Kay-Spratley, & 

Higgs, 2005) 
Australia Multivariate 

GARCH 
Daily spot prices on 
half-hourly basis; 

NEM regional spot markets are 
nonintegrated and inefficient; presence 

but no mean spillovers of price volatility 
between areas; shocks in on market 

affect price volatility in another market 

13 
December 
1998 – 30 
June 2001 

(Hadsell & 
Shawky, 2006) 

US-
NYISO GARCH 

Day-ahead and real-
time market prices; 

daily average 
aggregation of peak 
hour prices (7am-

11pm); MC 
congestion; MC losses 

Price volatility higher in real-time 
market than day-ahead; premium levels 
across zones inversely related to levels 

of congestion 

Jan 2001-
June 2004 

(De Vany & 
Walls, 1999) US- west 

Vector error 
correction and 
cointegration 

analysis (VECM) 

peak and off-peak 
electricity spot prices Efficient and stable power market 1994-1996 

(Longstaff & 
Wang, 2004) US-PJM 

Vector 
autoregressive 
model (VAR) 

Daily average of 
hourly spot prices; 

day-ahead electricity 
forward price; 

electricity load and 
weather conditions 

Risk premia of electricity futures are 
positive, but vary; forward premia are 

negatively related to price volatility and 
positively related to price skewness 

June 1 2000-
November 
30, 2002 

(Kristiansen, 
2004)a Nordic  

Electricity forward 
pricing model; ex-
post calculation of 

risk premia 

Seasonal CfD contracts 
Most CfDs contain significant risk 

premia (difference between average 
CfD prices and the average difference 
between area and system price during 
delivery); positive premia attributed to 

risk-averse consumers, whereas 
negative premia attributed to risk-averse 

hydro-producers. 

November 
2000 – April 
2002 

(Kristiansen, 
2004)b Nordic Seasonal and yearly 

CfD contracts 

November 
2000 – 

December 
2003 
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4 Data 
The data used in this study directly originate from Nord Pool Spot (physical market) and 

Nasdaq OMX Commodities (financial market), and cover years 2000 to 2013. In the Nordic 

electricity market, congestion between bidding areas is a common feature serving the purpose 

of signalling scarcity in transmission capacity. The price divergence between reference 

system price (assumed unrestricted electricity flow across the whole market) and area prices 

is observable in both daily and hourly frequencies, as shown in Table 2. Throughout the time 

and across bidding areas, there is slightly increasing tendency of congestion, where 

approximately 95 % of days and 90% of hours in a year area prices decouple from the 

theoretical system price. On the one hand, mean Elspot wholesale system and area prices17 

follow jointly slightly increasing price trend18 with peaks in 2006, 2008, and 2010 

(corresponding to low hydro reservoirs in Norway, Sweden, and Finland, see section 6.1).  

On the other hand, the price volatility, measured by standard deviation, is highly location-

dependent. Areas with the highest mean volatility are, in the order of magnitude, DK2 

Copenhagen, DK1 Århus, and FI Helsinki. Therefore, we would expect to see the highest 

hedging pressures from producers and retailers in these areas, with correspondingly higher 

risk premia in absolute terms.    
Table 2 Frequency of decoupled area prices from system price as a percentage of days and hours () in a 
year 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Mean 
D
K
1 

99,5 
(80,3) 

92,3 
(48,9) 

98,1 
(66,5) 

99,2 
(78,3) 

99,5 
(78,2) 

97,5 
(70,4) 

99,7 
(79,7) 

98,9 
(81,6) 

100,0 
(96,2) 

99,5 
(85,7) 

98,6 
(88,1) 

97,0 
(82,4) 

99,2 
(86,3) 

99,5 
(87,1) 

98,5 
(79,3) 

D
K
2 

98,1 
(89,8) 

81,1 
(41,9) 

77,3 
(47,4) 

86,0 
(62,5) 

98, 6 
(72,1) 

85,2 
(52,6) 

99,7 
(79,4) 

98,9 
(81,4) 

100,0 
(96,0) 

99,5 
(85,3) 

98,9 
(87,0) 

97,0 
(82,4) 

99,2 
(86,2) 

99,5 
(86,5) 

94,2 
(75,0) 

FI 86,3 
(64,9) 

73,4 
(38,4) 

72,6 
(43,7) 

85,5 
(62,2) 

97,8 
(70,4) 

77,0 
(47,2) 

99,7 
(79,4) 

98,9 
(81,3) 

100,0 
(96,0) 

99,5 
(85,3) 

98,9 
(86,7) 

97,0 
(81,9) 

99,2 
(86,1) 

99,5 
(86,4) 

91,8 
(72,1) 

N
O
1 

86,3 
(64,7) 

73,4 
(38,4) 

72,9 
(43,7) 

85,5 
(61,8) 

97,5 
(69,7) 

77,0 
(47,0) 

99,7 
(79,3) 

98,9 
(81,3) 

100,0 
(96,0) 

99,5 
(85,2) 

98,4 
(86,7) 

97,0 
(81,9) 

99,2 
(86,1) 

99,5 
(86,3) 

91,8 
(72,0) 

N
O
4 

- - - - - - - - - 100,0 
(100,0) 

98,9 
(86,7) 

97,0 
(81,9) 

99,2 
(86,0) 

99,5 
(86,2) 

98,9 
(88,2) 

S
E 

86,3 
(64,8) 

73,4 
(38,4) 

72,6 
(43,7) 

85,5 
(61,8) 

97,8 
(69,8) 

97,0 
(47,1) 

99,7 
(79,4) 

98,9 
(81,2) 

100,0 
(96,0) 

99,5 
(85,3) 

98,9 
(86,7) 

98,1 
(86,5) - - 90,6 

(70,1) 
S
E
1 

- - - - - - - - - - - - 99,2 
(86,0) 

99,5 
(86,3) 

99,3 
(89,2) 

S
E
2 

- - - - - - - - - - - - 99,2 
(86,0) 

99,5 
(86,3) 

99,3 
(89,2) 

S
E
3 

- - - - - - - - - - - - 99,2 
(86,0) 

99,5 
(86,3) 

99,3 
(89,2) 

S
E
4 

- - - - - - - - - - - - 99,2 
(86,1) 

99,5 
(86,3) 

99,3 
(89,2) 

17 See Appendix, Table 11, Figure 10, and Figure 11 
18 The leading system price has, on average, increased 1,70 EUR/MWh/year from 2000.to 2013 
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Note: Values in brackets represent the percentage of decoupled prices in hours. 

In more detail, we observe from Table 3 and Figure 2 that mean absolute and percentage 

differences between area and system prices are mainly pronounced in the Danish areas, 

Finland, and Sweden before splitting. Norway 1 is the only area with on average 3% lower 

price compared to the system price throughout the studied period. The spatial and temporal 

price variation, caused by local and regional electricity supply and demand conditions, clearly 

illustrates the need to hedge the locational price risk in the Nordic electricity market. 

Table 3. Mean absolute and percentage () difference between area prices and system price, EUR/MWh 
 

 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 
D
K
1 

3,69 
(0,31) 

0,59 
(0,02) 

-1,44 
(0,05) 

-3,01 (-
0,06) 

-0,12*** 
(-0,01) 

7,9 
(0,26) 

-4,41 (-
0,08) 

4,47 
(0,2) 

11,7 
(0,31) 

1,03 
(0,02) 

-6,57 (-
0,09) 

0,91 
(0,17) 

5,14 
(0,25) 

0,88** 
(0,01*) 

D
K
2 

-8,03 
(-0,71) 

0,4 
(0,01) 

1,67 
(0,09) 

0,11** 
(0*) 

-0,57 (-
0,03) 

4,47 
(0,13) 

-0,06* 
(0*) 

5,08 
(0,24) 

11,91 
(0,3) 

4,86 
(0,12) 

3,88 
(0,03) 

2,36 
(0,2) 

6,36 
(0,29) 

1,5 
(0,03) 

E
E - - - - - - - - - - -18,14 

(-0,29) 
-3,7 

(0,12) 
8 

(0,44) 
5,04 

(0,15) 

FI 2,14 
(0,19) 

-0,31 (-
0,02) 

0,36 
(0,04) 

-1,39 (-
0,04) 

-1,24 (-
0,05) 

1,19 
(0,04) 

-0,02* 
(-0,01) 

2,08 
(0,14) 

6,29 
(0,16) 

1,96 
(0,05) 

3,58 
(0,03) 

2,25 
(0,14) 

5,44 
(0,2) 

3,05 
(0,08) 

N
O
1 

-0,7 (-
0,05) 

-0,07 
(0) 

-0,34 
(-0,02) 

0,42 
(0,01) 

0,48 
(0,02) 

-0,21 
(-0,01) 

0,63 
(0,02) 

-2,19 
(-0,11) 

-5,57 
(-0,13) 

-1,27 
(-0,03) 

1,19 
(0,04) 

-0,63 (-
0,03) 

-1,64 
(-0,05) 

-0,54 (-
0,01) 

N
O
2 

-0,24 
(-0,03) 

0,31 
(0,02) 

0,01* 
(0) 

0,48 
(0,01) 

0,22 
(0,02) 

0,06**
* (0) 

0,38 
(0,01) 

1,66 
(0,13) 

6,45 
(0,17) 

0,53**
* (Inf) 

-1,22 
(0*) 

-0,96 (-
0,03) 

-2,04 
(-0,05) 

-0,77 (-
0,02) 

N
O
3 

-8,55 
(-0,74) 

-16,72 
(-0,74) 

-23,8 
(-0,96) 

-17,21 
(-0,54) 

-17,16 (-
0,59) - -44,33 

(-0,88) 
1,51 

(0,12) 
-0,71 
(0,06) 

-10,1 
(Inf) 

4,97 
(0,06) 

0,44 
(0,02) 

0,28* 
(0,01) 

0,85 
(0,02) 

N
O
4 

- - -23,8 
(-0,96) 

-18,57 
(-0,59) - - - - - - 2,02 

(0,02) 
0,43 

(0,04) 
-0,03* 

(0) 
0,5 

(0,01) 

N
O
5 

- - - - - - - - - - -11,93 
(-0,17) 

-1,19 (-
0,05) 

-2,25 
(-0,07) 

-0,51 (-
0,01) 

S
E 

1,5 
(0,12) 

-0,29 (-
0,02) 

0,7 
(0,04) 

-0,2 (-
0,01) 

-0,84 (-
0,03) 

0,43 
(0,01) 

-0,47 (-
0,01) 

2,33 
(0,15) 

6,39 
(0,16) 

1,99 
(0,05) 

3,76 
(0,03) 

0,79 
(0,03) - - 

S
E
1 

- - - - - - - - - - - -0,06* 
(-0,01) 

0,52 
(0,02) 

1,09 
(0,03) 

S
E
2 

- - - - - - - - - - - -0,06* 
(-0,01) 

0,58 
(0,02) 

1,09 
(0,03) 

S
E
3 

- - - - - - - - - - - 0,89 
(0,01) 

1,13 
(0,03) 

1,34 
(0,03) 

S
E
4 

- - - - - - - - - - - 4,64 
(0,1) 

3,01 
(0,1) 

1,82 
(0,04) 

Note: ***, **, and * indicate non-significance at 1%, 5% and 10%, respectively. Values in brackets represent the percentage differences 
between area prices and system price. 
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Figure 2 Mean absolute difference (area price – system price), EUR/MWh 

Moving from physical (Elspot) to financial (Nasdaq OMXC) market, we assess mean EPAD 

closing prices according to the contracts’ year of delivery/maturity and trading location (see 

Table 4). The signs, magnitude, and dispersion (standard deviation) across areas, years, and 

contract  types  point  out  to  the  dynamic  nature  of  EPADs.  For  instance,  Oslo  (NO1)  is  the  

only area with mainly negative mean EPAD prices, which may be explained by large hedging 

pressure from hydro producers who demand a hedge against price spread especially in wet 

years. For other areas, EPAD prices are mostly positive, with the highest volatility in 

Denmark (DK1, DK2) and Finland. We would, ex ante, hold the expectations that areas with 

large amount of hydro reservoirs show less volatility in prices, thus the expected prices 

should also be less volatile in e.g. Sweden bidding areas 1-3, and Norway. Reversely, the 

expected EPAD prices should be higher in Finland, Swedish bidding area 4, Denmark and the 

Baltic States.  

In more detail, we focus on EPAD monthly futures (MF) contracts, which substituted the 

seasonal contracts in 2004. We synchronize (Shawky, Marathe, & Barrett, 2003) the ends of 

trading periods for MF as well as the respective area price differences (DSPOT) during the 

delivery period. The summary statistics of the two price series are given in Appendix, Table 

12. Infrequent price spikes cause the series to be leptokurtic, i.e. spiked, and with long right

tails, i.e. positively skewed. This is mainly due to limits of economically storing electricity, 

supply and demand variations, as well as technical capabilities and conditions of the grid. 
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Both spot and futures prices are not significantly different from zero, and the volatility 

(std.dev.) of spot price differences is 2 to 6 times higher than volatility of the monthly futures 

series.  

Table 4 Mean EPAD closing prices and their standard deviation, EUR/MWh 
Ar
ea 

Delivery 
period 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Å
rh

us
  (

D
K

1)
 Month -  -  -  -  -  - 

4,88 
(2,99) 

13,81 
(7,49) 

3,5 
(1,9) 

-1,53 
(6,52) 

0,1 
(9,22) 

7,86 
(3,79) 

0,36 
(1,98) 

Quarter  -  -  -  -  - 
4,44 

(4,76) 
2,43 

(4,84) 
8,02 

(5,89) 
7,29 

(3,64) 
2,9 

(3,54) 
1,24 
(4,5) 

6,45 
(2,09) 

3,02 
(2,89) 

Season 0,69 
(1,52) 

0,82 
(1,27) 

-1,73 
(4,51) 

-0,01 
(2,38) 

3,72 
(2,46)  -  -  -  -  -  -  -  - 

Year  - 
0,51 

(0,29) 
0,38 

(2,27) 
-0,39 
(0,5) 

2,35 
(0,6) 

5,4 
(1,52) 

3,87 
(3,33) 

4,54 
(0,52) 

6,75 
(2,52) 

7,17 
(2,44) 

7,02 
(3,82) 

6,75 
(2,02) 

6,32 
(0,85) 

C
op

en
ha

ge
n 

(D
K

2)
 

Month  -  -  - 
0,45 

(0,27) 
3,62 

(2,33) 
4,39 

(5,41) 
5,07 

(2,83) 
13,6 

(5,17) 
5,47 

(3,36) 
2,79 
(2,5) 

4,09 
(7,6) 

9,7 
(3,33) 

1,88 
(2,16) 

Quarter  -  -  -  -  - 
6,75 

(3,23) 
4,42 

(2,88) 
8,78 

(4,36) 
8,63 

(3,42) 
4,71 

(2,09) 
3,78 

(3,23) 
9,02 

(1,65) 
5,03 

(2,58) 

Season 0,26 
(0,19) 

1,61 
(0,9) 

0,85 
(0,67) 

0,93 
(0,49) 

2,49 
(1,66)  -  -  -  -  -  -  -  - 

Year  - 
0,79 

(0,45) 
1,48 

(0,49) 
0,99 
(0,4) 

1,37 
(0,09) 

5,15 
(1,84) 

6,25 
(3,89) 

5,2 
(0,91) 

7,64 
(3,37) 

7,85 
(2,61) 

8,09 
(3,06) 

7,81 
(1,86) 

7,74 
(1,26) 

H
el

si
nk

i (
FI

) 

Month  -  -  - 
-0,4 

(0,15) 
1,02 

(0,64) 
0,67 

(0,79) 
1,49 

(1,35) 
5,81 

(2,98) 
1,98 

(1,25) 
1,21 
(1,9) 

3,57 
(3,38) 

7,32 
(3,61) 

3,47 
(2,32) 

Quarter  -  -  -  -  - 
0,98 

(0,55) 
0,76 

(0,49) 
2,57 

(2,15) 
2,33 

(1,16) 
1,27 

(0,62) 
2,2 

(1,64) 
5 

(2,06) 
5,05 

(1,96) 

Season 0,54 
(0,52) 

0,57 
(0,24) 

0,39 
(0,42) 

0,03 
(0,4) 

0,52 
(0,55)  -  -  -  -  -  -  -  - 

Year  - 
0,44 

(0,14) 
0,71 

(0,08) 
0,32 

(0,14) 
0,23 
(0,2) 

1,03 
(0,37) 

0,73 
(0,28) 

0,89 
(0,29) 

1,45 
(0,88) 

1,19 
(0,42) 

1,45 
(0,39) 

1,91 
(0,97) 

3,11 
(1,82) 

O
sl

o 
(N

O
1)

 

Month  -  -  - 
0,31 

(0,06) 
-0,19 
(0,22) 

0,67 
(0,81) 

-0,89 
(1,52) 

-4,47 
(3,4) 

-1,34 
(0,91) 

0,51 
(1,24) 

0,44 
(2,89) 

-1,73 
(1,02) 

-0,39 
(1,23) 

Quarter  -  -  -  -  - 
0,18 

(0,56) 
0,1 

(0,98) 
-1,86 
(2,14) 

-1,28 
(0,6) 

-0,27 
(0,79) 

0,5 
(1,25) 

-0,97 
(1,03) 

-1,02 
(0,67) 

Season -0,18 
(0,21) 

-0,12 
(0,12) 

0,28 
(0,39) 

0,27 
(0,1) 

-0,02 
(0,31)  -  -  -  -  -  -  -  - 

Year  - 
-0,04 
(0,06) 

-0,06 
(0,23) 

0,24 
(0,07) 

0,24 
(0,07) 

-0,13 
(0,1) 

0,43 
(0,36) 

-0,26 
(0,51) 

-0,35 
(0,59) 

-0,35 
(0,44) 

-0,25 
(0,34) 

-0,22 
(0,38) 

-0,33 
(0,42) 

*S
to

ck
ho

lm
 

(S
E/

SE
3)

Month  -  -  - 
0,06 

(0,26) 
0,78 

(0,34) 
0,62 
(0,6) 

1,08 
(1,43) 

5,56 
(3,19) 

2,1 
(1,22) 

1,14 
(1,96) 

3,53 
(3,2) 

2,92 
(1,62) 

1,27 
(1,27) 

Quarter  -  -  -  -  - 
0,71 
(0,4) 

0,49 
(0,5) 

2,19 
(2,23) 

2,13 
(1,07) 

1,07 
(0,64) 

1,96 
(1,68) 

2,98 
(1,2) 

2,02 
(1,01) 

Season 0,33 
(0,42) 

0,42 
(0,21) 

0,44 
(0,19) 

0,39 
(0,19) 

0,56 
(0,27)  -  -  -  -  -  -  -  - 

Year  - 
0,28 

(0,16) 
0,52 

(0,07) 
0,47 

(0,12) 
0,35 

(0,08) 
0,74 

(0,17) 
0,44 

(0,21) 
0,46 

(0,14) 
0,93 
(0,8) 

0,67 
(0,27) 

0,9 
(0,39) 

1,44 
(0,83) 

1,93 
(0,71) 

Lu
le

å 
 (S

E1
) Month  -  -  -  -  -  -  -  -  -  - 

0,26 
(0,44) 

-0,04 
(0,61) 

0,17 
(0,6) 

Quarter  -  -  -  -  -  -  -  -  -  -  - 
-0,21 
(0,28) 

0,16 
(0,29) 

Year  -  -  -  -  -  -  -  -  -  -  - 
-0,45 
(0,3) 

-0,29 
(0,44) 

M
al

m
ö 

(S
E4

) Month  -  -  -  -  -  -  -  -  -  - 
13,02 
(2,28) 

6,56 
(2,28) 

2,17 
(1,63) 

Quarter  -  -  -  -  -  -  -  -  -  -  - 
8,04 

(1,69) 
4,57 

(1,96) 

Year  -  -  -  -  -  -  -  -  -  -  - 
7,64 

(1,74) 
7,04 

(1,61) 

Su
nd

sv
al

l 
(S

E2
) 

Month  -  -  -  -  -  -  -  -  -  - 
1,04 

(0,45) 
-0,01 
(0,64) 

0,22 
(0,7) 

Quarter  -  -  -  -  -  -  -  -  -  -  - 
0,02 

(0,36) 
0,17 
(0,3) 

Year  -  -  -  -  -  -  -  -  -  -  - 
0,03 

(0,29) 
-0,22 
(0,48) 

*T
ro

m
sø

 
(N

O
3/

N
O

4)
 Month  -  -  -  -  -  -  -  -  -  - 

-0,11 
(0,34) 

-0,47 
(0,31) 

-0,12 
(0,36) 

Quarter  -  -  -  -  -  -  -  -  -  -  - 
-0,31 
(0,22) 

-0,32 
(0,17) 

Year  -  -  -  -  -  -  -  -  -  -  - 
-0,04 
(0,3) 

-0,25 
(0,3) 



16 
 

Note: All values are given in EUR/MWh; *Tromsø was NO3 before 10.1.2010 and NO4 thereafter; *SE/SE3 combines data 

for Sweden before the split (SE) into four areas in Nov.2011 and the Stockholm area (SE3) thereafter. 

Last, due to our research approach, i.e. VAR estimation, we test whether the time-series of 

monthly futures (MF) prices and the corresponding area spot price differences (DSPOT) 

during the delivery period, are stationary. We reject the presence of individual unit roots for 

all variables at 1% significance level by Phillips-Perron test and at 10% significance level by 

Augmented Dickey-Fuller test for all but Sundsvall monthly futures (SE2_MF). We conclude 

that all time-series are stationary, which is in contrast to some studies (De Vany & Walls, 

1999; Bunn & Gianfreda, 2010) but at the same time in agreement with others (Dempster, 

Isaacs, & Smith, 2008; Worthington, Kay-Spratley, & Higgs, 2005). Unit root statistics are 

tested on sub-samples in respect to times when individual areas have joined the Nordic 

market and when the respective monthly contracts started to be traded. See the summary and 

note in Table 5. 

Table 5 Unit root test statistics - Intermediate Phillips-Perron and ADF test results 
      Series Phillips-Perron.Bandwidth (PP) ADF  Lag (ADF)  Obs (ADF)
DK2_DSPOT  0.0001  31.0  0.0000  4  2461 

DK2_MF  0.0025  32.0  0.0008  0  2333 
FI_DSPOT  0.0001  29.0  0.0000  11  2461 

FI_MF  0.0010  2.0  0.0009  2  2345 
*SE3_DSPOT  0.0001  29.0  0.0000  11  2461 

*SE3_MF  0.0001  4.0  0.0002  2  2319 
NO1_DSPOT  0.0000  18.0  0.0000  12  2461 

NO1_MF  0.0008  20.0  0.0020  2  2411 
DK1_DSPOT  0.0000  26.0  0.0000  6  1656 

DK1_MF  0.0155  25.0  0.0030  2  1513 
SE1_DSPOT  0.0000  9.0  0.0000  1  564 

SE1_MF  0.0915  5.0  0.0328  0  420 
SE2_DSPOT  0.0000  9.0  0.0000  1  564 

SE2_MF  0.6390  6.0  0.3060  0  419 
SE4_DSPOT  0.0000  8.0  0.0000  2  564 

SE4_MF  0.0552  6.0  0.0810  0  430 
NO3_DSPOT  0.0000  14.0  0.0000  6  564 

NO3_MF  0.0005  5.0  0.0080  2  434 
      Note: *SE3 refers to Sweden before the area splitting (Nov.2011) and to Stockholm thereafter. 

5 Open interest and risk premia in EPADs 

The open interest, defined as a number of open contracts which have not yet been liquidated, 

is an adequate proxy to liquidity worthwhile close assessment. Figure 3 presents the 

development of the EPAD trade over 2000-13, in terms of GWh and with the break-down by 

price area, while Figure 4 shows the development in terms of number of contracts and with 

the break-down by contract type. The price areas with the largest open interest in EPAD are 

‘SE3 Stockholm’ and ’FI Helsinki’, with the volume shares 46% and 33% respectively (as of 
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2013). Quarterly contracts are somewhat more popular than the monthly or the yearly 

contracts, their shares in the number of contracts are 41%, 32% and 27% respectively (as of 

2013 as well). 

The open interest for EPAD contracts expanded between 2006-13 from 8 GWh up to 28 

GWh. The expansion is most likely due to product restructuring and the change of the trading 

currency in 2006.19 The three seasonal contracts of unequal length20 were replaced with 

standardised quarterly and monthly contract while the yearly contracts have been preserved. 

The currency of trading was changed from Norwegian Krone to Euro for products with the 

delivery date January 1st, 2006 and beyond.  

The total open interest on the Nordic financial electricity market exceeded 300,000 GWh in 

2009 (NordREG, 2010, p. 25), i.e. EPADs constitute a negligible fraction of the market. The 

EPAD contracts offer hedging against the price difference between the system price and the 

area price which requires estimate of, or modelling, the two prices. Separate forward 

contracts do not require understanding of both the system-wide and local price dynamics and 

thus appear more flexible. A financial market player might prefer to trade system forwards 

only. A local generator or a consumer sells or buys power at the area price and may prefer to 

purchase area forwards. 

19 While the trade growth of the main Nordic market might also explain the EPAD expansion (the trade volume 
nearly doubled between 2006 and 2012), it is not clear whether the trade, in fact, intensified after the 
product/currency changes on the financial market. 
20 Contract ‘Winter 1’ covered four months January-April; contract ‘Summer’ covered five month May-
September, and contract ‘Winter 2’ covered three months October-December. 
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Figure 3. Development of the open interest of EPADs, GWh, break-down by price area.  

 
Figure 4. Development of the open interest of EPADs, number of contracts, break-down by contract type. 

Next, we examine the risk premia in all traded EPAD products with delivery between 2000 

and 2013, calculated according to the formulas in Section 3 (formula 3).  Table 6 

demonstrates that EPAD contracts contain considerable risk premia which vary in sign and 

magnitude across contract types, areas, and years. On the one hand, the areas with highest 

risk premia volatility (standard deviation) are Aarhus (DK1) and Copenhagen (DK2) for 

quarterly and monthly contracts, especially in 2008, 2010 and 2011. In general, the highest 
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volatility is observed in the most popular contracts (% of total number of contracts), quarterly 

and monthly, which includes more frequent extreme values dispersing the distribution from 

mean risk premia. Denmark is also country with the highest (positive) mean risk premia, 

especially Aarhus where, for instance, yearly 2010 EPAD contract contained risk premia of 

13,74 EUR/MWh. The specificity of Aarhus DK1 area is that it contains approximately three 

times as much installed wind power capacity as Copenhagen, which increases the price 

volatility and the hedging need of retailers and large customers. On the other hand, the 

contracts with often negative risk premia are yearly contracts, especially observable in 

Helsinki and Oslo areas.  

Poor (good) hydro year, measured by the deviation of the current percentage value from the 

historic median, tends to increase (decrease) the Nordic system price21 (see Appendix, Table 

11). Drier years were 2002-03, 2006-07, or 2010-11, while years with higher precipitation 

were 2007-08, 2011-12. During drier time periods hydro producers reduce output to save the 

scarcer energy source and more plants with higher marginal cost are operating. Areas with 

large share of hydro production cannot transmit all demanded lower marginal cost electricity 

to areas based more on thermal units (higher marginal cost) due to limited capacity of cross-

border transmission. This leads to higher hedging pressure from retailers and bigger 

customers willing to pay a premium (positive risk premia) for the expected increase in local 

area price compared to system price. This holds generally true for Stockholm area and 

Helsinki,  but  Oslo  area  is  slightly  different.  Oslo  has  on  average  lower  area  price  than  the  

system price, and it seems the hydro level deviation tends to impact more strongly the system 

price than the area price in Oslo. So the producers keep selling EPADs even during the dry 

years, i.e. expecting the area price will be still lower than the system price.   

Table 6 Ex-post risk premia of EPADs - means and standard deviations 
Delivery 
period 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Å
rh

us
  (

D
K

1)
 

Month - - - - - - -1,94 
(4,97) 

2,23 
(6,99) 

2,44 
(2,92) 

5,11 
(9,41) 

-0,91 
(6,53) 

2,86 
(4,1) 

-0,54 
(5,92) 

Quarter - - - - - 9,05 
(6,41) 

-2,02 
(3,52) 

-3,63 
(9,75) 

6,28 
(3,6) 

9,54 
(7,74) 

0,4 
(7,82) 

1,34 
(4,52) 

2,08 
(2,74) 

Winter 1 2,46 
(0,2) 

-1,32 
(0,25) 

6,2 
(7,32) 

-1,16 
(1,33) 

-0,45 
(0,93) - - - - - - - - 

Summer 0,72 
(1,81) 

-1,5 
(0,78) 

-2,33 
(1,27) 

1,23 
(0,8) 

-5,5 
(1,33) - - - - - - - - 

Winter 2 -1,39 
(0,52) 

14,25 
(0,24) 

1,72 
(1,06) 

1,12 
(0,48) 

-5,58 
(1,32) - - - - - - - - 

Year - 1,95 
(0,29) 

3,38 
(2,27) 

-0,27 
(0,5) 

-5,55 
(0,6) 

9,81 
(1,52) 

-0,6 
(3,33) 

-7,16 
(0,52) 

5,72 
(2,52) 

13,74 
(2,44) 

6,11 
(3,82) 

1,62 
(2,02) 

5,44 
(0,85) 

21 See also (Bühler & Müller-Mehrbach, 2009) 
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C
op

en
ha

ge
n 

(D
K

2)
 

Month - - - 1,05 
(1,05) 

-0,92 
(5,53) 

4,45 
(4,23) 

0,01 
(3,47) 

1,72 
(7,11) 

0,47 
(5,55) 

-1,13 
(6,6) 

1,63 
(8,81) 

3,46 
(4,96) 

1,95 
(2,56) 

Quarter - - - - - 6,84 
(6,01) 

-0,63 
(4,24) 

-3,14 
(8,22) 

3,81 
(5,85) 

0,84 
(5,28) 

1,49 
(8,9) 

2,69 
(5,7) 

3,65 
(4,14) 

Winter 1 - -1,38 
(0,52) 

1,9 
(0,69) 

1,36 
(0,24) 

-2,14 
(0,14) - - - - - - - - 

Summer 0,77 
(0,17) 

-0,59 
(0,77) 

-0,07 
(0,8) 

1,94 
(0,52) 

2,08 
(1,37) - - - - - - - - 

Winter 2 -1,22 
(0,19) 

2,72 
(0,26) 

0,72 
(0,48) 

1,36 
(0,19) 

-8,38 
(1,27) - - - - - - - - 

Year - -0,89 
(0,45) 

1,37 
(0,49) 

1,56 
(0,4) 

-3,1 
(0,09) 

5,21 
(1,84) 

1,16 
(3,89) 

-6,71 
(0,91) 

2,78 
(3,37) 

3,97 
(2,61) 

5,73 
(3,06) 

1,45 
(1,86) 

6,24 
(1,26) 

H
el

si
nk

i (
FI

) 

Month - - - 0,79 
(0,58) 

-0,18 
(1,11) 

0,67 
(1,86) 

-0,6 
(3,37) 

-0,45 
(4,66) 

-0,08 
(3,34) 

-2,41 
(7,3) 

1,28 
(4,66) 

1,76 
(3,5) 

0,74 
(3,56) 

Quarter - - - - - 0,96 
(1,67) 

-1,28 
(3,19) 

-3,69 
(5) 

0,4 
(2,69) 

-2,31 
(5,17) 

0 
(3,84) 

-0,41 
(2,69) 

2,08 
(3,24) 

Winter 1 1,39 
(0,07) 

0,23 
(0,18) 

2,32 
(0,48) 

1,55 
(0,39) 

-0,54 
(0,11) - - - - - - - - 

Summer 1,69 
(0,62) 

-1,34 
(0,24) 

1,12 
(0,51) 

1,5 
(0,31) 

-0,27 
(0,61) - - - - - - - - 

Winter 2 -0,1 
(0,19) 

2,81 
(0,1) 

2,21 
(0,13) 

0,78 
(0,36) 

-1,34 
(0,32) - - - - - - - - 

Year - 0,08 
(0,14) 

2,1 
(0,08) 

1,56 
(0,14) 

-0,97 
(0,2) 

1,05 
(0,37) 

-1,35 
(0,28) 

-5,4 
(0,29) 

-0,51 
(0,88) 

-2,39 
(0,42) 

-0,81 
(0,39) 

-3,52 
(0,97) 

0,05 
(1,82) 

O
sl

o 
(N

O
1)

 

Month - - - -0,16 
(0,5) 

0,02 
(0,28) 

0,05 
(1,24) 

1,32 
(3,19) 

1,06 
(4,35) 

-0,02 
(2) 

-0,7 
(3,48) 

1,09 
(2,81) 

-0,05 
(1,77) 

-0,67 
(1,83) 

Quarter - - - - - -0,43 
(0,84) 

2,25 
(3,17) 

3,7 
(5,2) 

-0,03 
(1,35) 

-1,48 
(1,85) 

1,1 
(2,24) 

0,66 
(1,44) 

-0,58 
(1,35) 

Winter 1 -0,54 
(0,06) 

0,05 
(0,06) 

-0,89 
(0,47) 

-0,22 
(0,13) 

0,62 
(0,07) - - - - - - - - 

Summer -0,27 
(0,23) 

0,71 
(0,16) 

0,56 
(0,35) 

-0,34 
(0,06) 

0,03 
(0,38) - - - - - - - - 

Winter 2 0,21 
(0,1) 

-0,39 
(0,08) 

-0,25 
(0,16) 

-0,02 
(0,07) 

-0,1 
(0,14) - - - - - - - - 

Year - 0,3 
(0,06) 

-0,48 
(0,23) 

-0,24 
(0,07) 

0,45 
(0,07) 

-0,76 
(0,1) 

2,62 
(0,36) 

5,31 
(0,51) 

0,92 
(0,59) 

-1,54 
(0,44) 

0,38 
(0,34) 

1,42 
(0,38) 

0,21 
(0,42) 

*S
to

ck
ho

lm
 (S

E/
SE

3)
 

Month - - - 0,96 
(0,72) 

0,36 
(0,5) 

1,08 
(1,44) 

-1,26 
(3,21) 

-0,81 
(4,63) 

0,01 
(3,31) 

-2,68 
(7,14) 

2,71 
(2,93) 

1,78 
(1,86) 

0,47 
(2,42) 

Quarter - - - - - 1,14 
(0,84) 

-1,8 
(3,04) 

-4,17 
(5,01) 

0,17 
(2,51) 

-2,7 
(5,7) 

1,17 
(1,94) 

1,86 
(1,62) 

0,77 
(2,44) 

Winter 1 1,11 
(0,1) 

0,15 
(0,25) 

1,53 
(0,1) 

1,28 
(0,15) 

-0,2 
(0,08) - - - - - - - - 

Summer 1,33 
(0,5) 

-1,28 
(0,15) 

-0,2 
(0,26) 

1,23 
(0,24) 

0,35 
(0,29) - - - - - - - - 

Winter 2 -0,22 
(0,15) 

0,76 
(0,11) 

0,9 
(0,14) 

1,23 
(0,11) 

0,18 
(0,21) - - - - - - - - 

Year - -0,42 
(0,16) 

0,73 
(0,07) 

1,31 
(0,12) 

-0,08 
(0,08) 

1,22 
(0,17) 

-1,88 
(0,21) 

-5,92 
(0,14) 

-1,06 
(0,8) 

-3,09 
(0,27) 

0,1 
(0,39) 

0,31 
(0,83) 

0,58 
(0,71) 

Lu
le

å 
 (S

E1
) Month - - - - - - - - - - 0,32 

(0,8) 
-0,59 
(1,46) 

-0,34 
(2,21) 

Quarter - - - - - - - - - - - -0,72 
(0,96) 

-0,83 
(1,76) 

Year - - - - - - - - - - - -0,98 
(0,3) 

-1,37 
(0,44) 

Su
nd

sv
al

l 
(S

E2
) 

Month - - - - - - - - - - 1,1 
(0,78) 

-0,62 
(1,45) 

-0,33 
(2,22) 

Quarter - - - - - - - - - - - -0,55 
(1,02) 

-0,82 
(1,75) 

Year - - - - - - - - - - - -0,55 
(0,29) 

-1,31 
(0,48) 

M
al

m
ö 

(S
E4

) Month - - - - - - - - - - 8,4 
(3,04) 

3,6 
(3,66) 

1,31 
(2,83) 

Quarter - - - - - - - - - - - 
5,02 

(2,95) 
2,91 
(3,3) 

Year - - - - - - - - - - - 
4,63 

(1,74) 
5,22 

(1,61) 

*T
ro

m
sø

 
(N

O
3/

N
O

4)
 Month - - - - - - - - - - 1,2 

(1,02) 
-0,46 
(0,94) 

0,05 
(0,74) 

Quarter - - - - - - - - - - - -0,28 
(0,62) 

-0,71 
(0,69) 

Year - - - - - - - - - - - -0,01 
(0,3) 

-0,74 
(0,3) 

Note: All values are given in EUR/MWh; *Tromsø was NO3 before 10.1.2010 and NO4 thereafter; *SE/SE3 combines data 

for Sweden before the split (SE) into four areas in Nov.2011 and the Stockholm area (SE3) thereafter. 
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6 Determinants of risk premia in EPADs 

The following section sheds more light on the role of hydro reservoirs in explaining the 

locational price spreads, i.e. area prices minus the system price, which are the building blocks 

of EPADs in the Nordic electricity market. Further, we evaluate the role of time-to-maturity 

and risk premia, and test their hypothesized negative relationship. 

6.1 Role of Hydro  

In line with Marckhoff and Wimschulte (2009), referred to in this section as MW2009 for 

brevity,, we examine the relationship between the hydropower capacity and the area-system 

price differential. The hydro reservoir capacity of the country is measured in per cent to the 

maximum GW capacity but it is the deviation of the current percentage value from the 

historic median that matters. Figures 5-7 plot the current and historic median percentage 

values of the hydro capacity, respectively for Norway, Sweden and Finland. The median 

levels are computed based on Nord Pool data that begins from 1995 for all three countries.  

Figure 5. Reservoir level, Norway, historic median (solid line) and current level (dashed line). 
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Figure 6. Reservoir level, Sweden, historic median (solid line) and current level (dashed line). 

 
Figure 7. Reservoir level, Finland, historic median (solid line) and current level (dashed line). 
 

Given that Sweden was split in four zones from November 1, 2011, we run an extended 

version of the MW2009 regression, with a structural break dummy: 

= + + [ ]  (4) 

+ + [ ] + + [ ] + , 

where   and  – weekly average area/system price; 
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 – deviation of the current reservoir level from the historic median,  

for Norway (No), Finland (Fi) and Sweden (Se); 

[ ] – structural break dummy that equals one after November 1, 
2011; 

c – constant; 

 – error term. 

We perform the regression for both Denmark areas, DK1 ‘Aarhus’ and DK2 ‘Copenhagen’, 

for the Norway area NO1 ‘Oslo’, and for the Finland area ‘Helsinki’. We combine the 

Sweden national price before the splitting and the Stockholm area price after the splitting to 

obtain the Swedish area price for the whole period, thus we cannot include the structural 

break dummy in the Swedish regression. The results are presented in Table 7. 

Table 7. Regression of the area price spread and relative reservoir level (2001-2013). 
N   

 
 

 
  Prob. 

(F-stat) 
Adj. 

R2 

Aarhus (DK1) 679 4.19*** 63.97** 21.16 0.81 0.74 -2.04 -
42.33** 

0.00 0.34 

Copenhagen 
(DK2) 

679 5.41*** 54.72*** -12.70 -9.41** -1.04 -16.88* 2.49 0.00 0.17 

Oslo (NO1) 679 -
1.63*** 

-
21.49*** 

8.08 1.65 4.37 7.10** -0.78 0.00 0.20 

Helsinki (FI) 679 3.03*** 33.77*** -19.36 -
12.65*** 

7.17 -11.94** 13.31 0.00 0.11 

Stockholm 
(SE3) 

679 2.27*** 25.98*** -- -7.54*** -- -
17.49*** 

-- 0.00 0.07 

Note: The regression results are obtained using the Newey/West estimator. ***, **, * means statistical 

significance at 1%, 5%, 10% respectively. 

The structural break dummy turns out to be insignificant for any price spread and any 

reservoir level, save the Aarhus area price spread and the Swedish hydropower. The Finnish 

hydro is not statistically significant in the Aarhus and Oslo regressions (same as in MW2009) 

but is significant in the Copenhagen regression (unlike the MW2009).  

When compared to a shorter sample in MW2009 for years 2001-6, all the coefficients in our 

regression, with or without the structural break dummy, appear larger in terms of magnitude. 

A larger constant implies a larger price spread on average while larger coefficients imply a 

stronger response of the price spread to deviations of the hydro level from the median. Our 

finding provides indirect evidence of higher price variation on the Elspot market; yet 
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examining the roots of such variation is beyond the scope of our paper and so can provide a 

basis for future research.22 

6.2 Role of time-to-maturity 

Prior research of electricity futures illustrates that risk premia are a negative function of time-

to-maturity23. MW2009 illustrate and confirm this relationship for the period 2001-2006. We 

use their notation (p. 265.) and regress risk premia of CfDs  on their respective 

remaining time-to-maturity24  during 2000 - 2013.  

= + +  (5) 

Where  = risk premium at time t 

  = remaining time-to-maturity 

  = constant 

 = error term 

The regression results are reported in Table 8, which are broadly similar to those in 

MW2009.  Most equations have a significant and positive constant, in other words, the 

average risk premium at the expiration date is above zero and statistically significant. 

However, many equations have an insignificant coefficient on time-to-maturity (at least, one 

equation for each price area except SE3 Stockholm). The explanatory power of regression as 

measured by the adjusted R2 varies considerably, and can be high or low irrespective of the 

significance level of the constant or the beta coefficient.  

Consistent results (significant constant and beta, as well as R2 above 0.1) are to be found for 

the following contracts: Aarhus/year, Copenhagen/season and year, Helsinki/year, Luleå / 

month, quarter and year, Malmö/month, Olso/season and quarter, SE3/month, quarter and 

year, Sundsvall/month and year, Tallinn/year, and finally Tromsø /quarter. The year contracts 

seem to have the ‘best’ fit, probably due to the long tradable period and hence a sufficient 

number of observations.  

                                                
22 The results also reveal the intricacies of trade between the areas as Denmark is heavily influenced by the 
Norwegian and Swedish reservoirs. Further investigations should be made into the area of price formation in the 
different bidding areas more explicitly accounting for the role of trade.  
23 See also studies by Diko et al. (2006); Benth et al. (2008) 
24 Time-to-maturity is calculated as the difference in calendar days between the trading day t and the first day of 
the delivery period for the respective contract 
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Open interest, and hence liquidity, do not seem to affect the relationship between risk 

premium and the time-to-maturity. Many contracts have large open interest but the regression 

result is inconclusive, and vice versa, a small volume of open interest may correspond to a 

contract with statistically significant relationship between risk premium and time-to-maturity. 

Table 8. Regression results of the risk premium on time-to-maturity. 
Area Contract N c beta Adj. R2 

Aarhus 
(DK1) 

Season 278 -0.2080 0.0061*** .0819 
Month 67 1.9482*** -0.0159 .0053 
Quarter 284 2.4278*** 0.0035** .0318 
Year 1081 2.2301*** 0.0058*** .4998 

Copenhagen 
(DK2) 

Season 278 0.4115*** -0.0055*** .115 
Month 67 1.1235*** 0.0046 -.0015 
Quarter 284 2.0321*** -0.0011 .0106 
Year 1081 1.5524*** 0.0031*** .3762 

Germany 
(Kontek) 

Season -- -- -- -- 
Month 66 4.6741*** -0.0147 .0003 
Quarter 289 2.9147*** 0.0051* .0143 
Year 357 2.9386*** 0.0065** .013 

Helsinki (FI) Season 278 0.6231*** 0.0011*** .0409 
Month 122 0.5079*** -0.0089*** .0985 
Quarter 301 -0.2730** -0.001 .0075 
Year 1081 -0.2450*** -0.0024*** .7264 

Luleå  (SE1) Season -- -- -- -- 
Month 122 0.2747** -0.0153*** .3208 
Quarter 297 -0.4107*** -0.0018*** .1268 
Year 649 -0.6955*** -0.0016*** .6591 

Malmö 
(SE4) 

Season -- -- -- -- 
Month 122 4.1541*** -0.0327*** .443 
Quarter 299 3.7564*** 0.0020** .023 
Year 649 5.1647*** -0.0002 -.0002 

Oslo (NO1) Season 278 0.0286** -0.0005*** .1677 
Month 67 0.1567 0.0035 -.0006 
Quarter 284 0.3056*** 0.0025*** .1822 
Year 1081 0.7380*** -0.0005*** .0984 

Stockholm 
(SE/SE3) 

Season 278 0.4848*** 0.0003* .0191 
Month 122 0.7610*** -0.0138*** .2977 
Quarter 301 -0.0182 -0.0028*** .1423 
Year 1081 -0.3582*** -0.0008*** .16 

Sundsvall 
(SE2) 

Season -- -- -- -- 
Month 122 0.3492** -0.0160*** .3332 
Quarter 297 -0.3661*** -0.0015*** .0933 
Year 649 -0.4009*** -0.0020*** .6185 
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Tallinn (EE) Season -- -- -- -- 
Month 65 0.417 -0.0686 .0865 
Quarter 210 -3.1984*** 0.0039* .0321 
Year 20 0.4481 -0.0444*** .4415 

Tromsø  
(NO3/NO4) 

Season -- -- -- -- 
Month 67 -0.0134 -0.0052 .0634 
Quarter 279 -0.2908*** -0.0012*** .1552 
Year 649 -0.5756*** 0.0002*** .0148 

Note: N is the number of days to maturity. ***, **, * indicates significance at 1%, 5% and 10% level 

respectively. Regression results are obtained using the Newey/West estimator for the covariance matrix. 

Figure 8 plots the relationship between the risk premium and time-to-maturity for year 

contracts, for DK2 Copenhagen, FI Helsinki and SE3 Stockholm only (to avoid cluttering the 

graph). The risk premium for Copenhagen contract has a declining trend but remains positive 

up until expiration (the beta coefficient is insignificant). The risk premia for Helsinki and 

Stockholm monthly EPAD contracts are also positive but, in contrast to the Copenhagen 

contracts, they both have an increasing trend (the beta coefficients are negative), with the 

Stockholm risk premium having a slightly steeper trend (the Stockholm beta coefficient is 

larger in absolute value).   

 

Figure 8. Risk premium and time-to-maturity, monthly EPAD contracts for price areas DK2 Copenhagen (top 
dash-dot line), FI Helsinki (bottom dashed line) and SE3 Stockholm (bottom solid line) 
Note: The time-to-maturity is cut-off at 60 days for better representation, the full sample has 67 days for DK2, and 122 days 
for FI and SE3 
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(6) 

7 Efficiency of EPADs - vector autoregression (VAR) model 

We perform a confirmatory VAR model by which we seek to test theory of efficient pricing 

signals by investigating the relationship between monthly futures EPAD prices and the 

corresponding area spot price differences (area price – reference system price) during the 

contracts’ delivery period. We focus on monthly EPAD contracts for two main reasons. First, 

monthly EPADs provide the highest price variability by being effectively EPADs with the 

shortest-term delivery period. This fact is also related to, on average, lower forecasting errors 

of market participants due to the near-term delivery period (Redl & Bunn, 2013). Second, 

monthly EPADs belong to the most liquid contract types, what generally implies higher 

efficiency in transaction costs, price discovery process, and speed of adjustment to 

fundamental information.  

We take the convergence and relationship between spot and forward markets as a measure of 

efficiency. In an efficient spot and futures markets, we expect to see a bi-directional Granger 

causality between prices that send proper signals to each other. This means that the area spot 

price  difference,  reflecting  the  local  cost  of  congestion,  is  properly  reflected  in  the  futures  

EPAD price, which is the expected cost of congestion. Vice versa, the expected cost of 

congestion priced in the EPAD is properly reflected in the realized spot price difference. 

These assumptions are tested by Granger causality tests and complemented by impulse 

response functions and variance decomposition. The latter two approaches allow for dynamic 

investigation of short-term transmission of shocks in the estimated relationships. 

The linear interdependency between futures monthly EPAD prices and their area spot price 

references is captured by the following vector autoregressive model:  

= + + +  

= + + +  

Where  xt = spot price S; daily average difference of area price and reference system 
price during the delivery period 

yt = futures price F; daily synthetic closing prices of  monthly  EPAD for a 
specific area 

 = Coefficient of lagged spot prices S 
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  = Coefficient of lagged futures prices F 

ci = constant  

 = i.i.d. error terms, ~ (0, ) 

k = number of lags on xt and yt 

To estimate unrestricted VARs for each pair of area spot price differences (DSPOT) and 

monthly futures (MF)  prices, we estimate and test the appropriate lag lengths that make the 

observed error  white noise (Jerko, Mjelde, & Bessle, 2004).25 Lag lengths of each 

bivariate VAR model were chosen based on lag length criteria tests (AIC, SC, HQ), residual 

tests, exclusion of jointly insignificant lag lengths based on Wald tests, and model’s overall 

minimization of Akaike Information Criteria (AIC). All VARs appear to be stable as all 

inverse roots lie within the unit circle, satisfying the stability criterion. For lag length 

estimation statistics see Appendix Table 13, and for summary of final models’ estimated 

results, see Table 926. The explanatory power of the estimated models, measured by R2, is 

always  higher  for  the  monthly  future  (MF)  series  than  for  the  spot  price  difference  series  

(DSPOT).  This is mainly due to much higher volatility (st.dev) and infrequent price spikes 

(positively skewed and leptokurtic) in spot price differences (DSPOT), which also inflate the 

standard errors.   

 Table 9 Summary of the estimated VAR models of spot price differences (DSPOT) and monthly futures 
(MF) prices, with the respective probability statistics of the Granger causality test. 

Area k AIC Std.Error R2 Obs Granger Causality (Prob.)* 

DK2 5 10,68   2312  
 DSPOT 7,87 12,34 0,31  0,00 
 MF 2,84 1,00 0,97  0,00 
FI 5 9,23   2306  
 DSPOT 7,52 10,36 0,18  0,00 
 MF 1,73 0,57 0,97  0,00 
SE3 31 8,49   2282  
 DSPOT 7,20 8,79 0,34  0,00 
 MF 1,31 0,46 0,97  0,00 
NO1 11 5,54   2387  
 DSPOT 4,38 2,15 0,76  0,00 
 MF 1,18 0,44 0,97  0,00 
DK1 14 10,11   1508  
 DSPOT 6,63 6,63 0,71  0,00 
 MF 3,50 1,38 0,97  0,00 

                                                
25 The white noise assumption is tested by residual serial correlation LM tests and Portmanteau tests for residual 
autocorrelations. Hence, the basic assumption is that the residual vector follows a multivariate white noise and 
has a multivariate normal distribution 
26 For detailed statistics of individual models, please contact the corresponding author.  



29 

SE1 2 4,86 417 
DSPOT 5,20 3,24 0,82 0,00 

MF -0,34 0,20 0,90 0,10 
SE2 2 4,98 416 

DSPOT 5,19 3,22 0,82 0,00 
MF -0,21 0,22 0,92 0,01 

SE4 1 8,49 430 
DSPOT 5,82 4,43 0,78 0,31 

MF 2,68 0,92 0,94 0,37 
NO3 7 3,74 430 

DSPOT 4,34 2,10 0,25 0,66 
MF -0,61 0,18 0,80 0.05 

Note: k-th lag order VAR model, based on 5 % level of Schwarz Information criterion (SC), Akaike information criterion 
(AIC), sequential modified LR test, or Hannan-Quinn information criterion (HQ); Lag exclusion Wald tests - remove jointly 
insignificant lag at 10% significance level; *Test based on Granger Causality/Block Exogeneity Wald test. Each row 
represents the dependent variable and tests whether the second variable in each model provides significant information about 
the dependent variable. 

Next, Granger causality test holds the null hypothesis that variable xt or yt is influenced only 

by itself and not by lagged values of the other variable in the model.  In most of the estimated 

VAR models we reject the exclusion of the remaining variable, i.e. the probability of Granger 

causality test is significant This means that both futures and spot prices bi-directionally 

Granger cause each other, which can be understood as one type of long-term price efficiency 

within the tested markets. However, the null-hypothesis that spot prices do not Granger cause 

futures prices and vice versa cannot be rejected at 5% significance in both directions for 

Sweden 4 (Malmö). Also, futures prices Granger causing spot prices is non-significant in 

Norway 3 (Tromsø). This may point out to possible inefficiency in SE4 and NO3 where past 

changes of futures prices and spot prices do not contribute to the prediction of the other 

variable, i.e. the interdependence of spot and future price is limited. 

Nevertheless, we do not know the direction or the magnitude of the causality effects, for 

which we turn to impulse response functions (IRF) and variance decomposition, respectively.  

In general, the IRF figures illustrate (see Appendix, Figure 9) a significant positive effect of 

spot price shocks on EPAD futures for NO1, FI, SE3 (10 days), and with shorter significant 

duration for DK2 (7 days), DK1 (5 days). The impacts of EPAD futures prices on the spot 

price  differences  are  also  significantly  positive,  especially  pronounced  for  NO1,  DK2,  and  

with fluctuating duration and magnitude for FI, SE3, SE1, SE2, and DK1. The duration of the 

positive effect in “fluctuating” group seems to last approximately one working week (5 days). 

The impulse response function is non-significant for SE4 in both directions, and for NO3 in 

spot to futures direction. These non-significant relationships were already underlined by the 

Granger causality test above.  



30 

Last, we decompose the variation in the endogenous variables into the component shocks to 

VAR, i.e. we get a relative measure of how important the shock in spot (futures) price is in 

explaining the variation in the futures (spot) price at different step-ahead forecasts. 

Unsurprisingly we find that the shocks in each price series, spot or futures, are largely 

explained individually by themselves with limited influence of the second variable. Table 10 

summarises the impact (% of variance explained) in one price explained by a shock in 

another price, 10 days ahead. In combination with IRF, the variance decomposition signifies 

that spot prices in DK1, NO1, and SE3 respond most strongly to EPAD futures shocks. 

Likewise, EPAD prices respond most strongly to spot price shocks in NO1, FI, and SE3. 

Table 10. Percentage of variance in one price explained by a shock in another price, 10 days ahead 
Price 
area 

Variation in the spot price explained by a shock 
in the EPAD price 

Variation in the EPAD price explained by a 
shock in the spot price 

DK2 4,2% 3,6% 
FI 2,8% 5,7% 

NO1 12%, 10,7% 
SE3 5,4% 5% 
DK1 18,7% 2% 
SE1 3,2% 0,4% 
SE2 2,9% 2,5% 
SE4 0,4% 0,3% 
NO3 0,42%. 3,8% 

In sum, the estimated VAR models, Granger-causality tests, impulse response functions, and 

variance decomposition, show bi-directional causality of spot and futures prices, however 

with limited magnitude and varying durations. The most efficient EPAD markets seem to be 

located in the price areas with longest trading history (Helsinki, Stockholm, Oslo) which may 

be a contributing factor in reducing market frictions in the Nordic electricity market. Also 

EPAD futures and spot market seem to be well integrated in Denmark, especially in Aarhus 

DK1, where a contributing factor may be a larger hedging demand by retailers and large 

customers against price volatility due to the large share of fluctuating wind power production 

in the local power system. 

8 Conclusions  

The trigger mechanism for market participants to take position in EPADs is to manage 

locational price risk. Our ex-post calculation of risk premia revealed their important role in 

EPAD prices, with varying magnitude and direction across delivery periods, areas, and years. 

We explain the negative (positive) risk premia in EPADs by increased hedging pressure from 

producers (retailers and large customers), which, in turn, are influenced by the actual level of 
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hydro reservoirs, or more precisely the deviation from the historical median, and cross-border 

transmission capacities. The need to hedge may be different in areas with much hydro 

capacity (less volatility in prices), with the long-term local price below the system price, and 

with good connection to neighbouring areas (NO1). Additionally, the hedging need is 

dependent on the share of fixed price contracts that the end customer have. Local type of 

production seems to also explain the high volatility and mainly positive risk premia in Danish 

EPADs, especially in DK1, where significant production originates from wind power.   

Having shown the importance of risk premia in EPAD prices, we further tested their 

theoretical and empirically identified drivers. Our results support the finding that the 

deviation of the water level in hydro reservoirs from its historical median impacts the local 

area prices, the system-wide price, as well as the difference of the two prices. As constituents 

of EPADs, the area price spreads during the period 2000-2013 tend to be on average larger 

and their response to hydro level deviations (especially in Norway and Sweden) tends to be 

stronger as compared to the shorter period 2001-2006 studied by Marchoff and Wimschulte 

(2009). This provides indirect evidence of higher price variation on the Elspot market, but 

more studies have to be conducted in order to explore the causalities. 

A consistent and significant negative relationship between risk premia and time-to-maturity 

has been identified for specific area/contract combinations (e.g. Aarhus/year, 

Copenhagen/season, Malmö/month). For these combinations, the average risk premium at the 

expiration date is above zero and statistically significant. However, the relationship is not 

constant and significant for all areas and contracts, and therefore the negative relationship 

between risk  premia  and  time-to-maturity  is  supported  only  partially.   Also,  the  size  of  the  

open interest, and hence liquidity, do not seem to correspond, at least at first glance, to the 

significant relationship between risk premium and the time-to-maturity. 

In  sum,  reasonably  conventional  econometric  tests  support  the  overall  efficiency  of  the  

Nordic EPAD market. Our findings indicate that market maturity may be the main driver as 

efficiency seem to increase with longer trading history. Illustrated on EPAD monthly 

contracts, we showed that EPADs futures prices and the realized spot price difference during 

their delivery period are reasonably integrated, thus efficient.  Some limitations were found in 

Malmö SE4 area, which may be due to market’s relative immaturity, but future research 

should investigate the causes in further detail.   
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Appendix 

Figure 9 Impulse response functions based on Cholesky decomposition method. 

Note:  The  left  graph shows the  response  of  the  spot  price  difference  (DSPOT) to  the  EPAD monthly  futures  
price (MF). The right graph, vice versa, shows the response of MF to DSPOT. 
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Table 11 Summary statistics of spot prices and their means, medians (), and standard deviations 

 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

D
K
1 

16,43 
(14,01) 

23,74 
(22,68) 

25,47 
(21,41) 

33,68 
(31,71) 

28,8 
(29,3) 

37,23 
(32,97) 

44,18 
(42,8) 

32,4 
(27,01) 

56,43 
(55,51) 

36,05 
(36,35) 

46,48 
(46,81) 

47,96 
(48,52) 

36,33 
(35,24) 

38,98 
(36,95) 

12,46 9,84 15,97 21,53 6,70 17,08 13,31 24,01 20,20 10,14 11,90 13,62 16,42 47,04 

D
K
2 

4,7 (0) 23,55 
(22,76) 

28,58 
(22,69) 

36,8 
(33,5) 

28,35 
(28,75) 

33,8 
(30,13) 

48,53 
(45,6) 

33,01 
(27,42) 

56,64 
(54,57) 

39,88 
(36,8) 

56,94 
(49,5) 

49,41 
(50,04) 

37,56 
(35,54) 

39,61 
(38,12) 

8,64 9,57 17,53 15,93 5,61 29,52 17,55 22,03 21,89 25,50 54,53 14,94 18,32 12,12 

E
E 

- - - - - - - - - - 34,92 
(40,1) 

43,35 
(42,81) 

39,2 
(37,05) 

43,14 
(40,18) 

- - - - - - - - - - 52,16 10,22 11,40 13,26 

FI 
14,88 

(14,04) 
22,84 

(22,52) 
27,27 

(21,74) 
35,3 

(32,31) 
27,68 

(28,18) 
30,53 

(29,91) 
48,57 

(47,14) 
30,01 

(26,54) 
51,02 

(49,45) 
36,98 

(36,25) 
56,64 
(49,2) 

49,3 
(49,84) 

36,64 
(34,87) 

41,16 
(39,07) 

10,23 8,27 16,17 15,45 4,49 14,23 14,73 10,20 16,11 23,30 45,55 14,31 18,02 11,65 

L
T 

- - - - - - - - - - - - 24,49 
(27,05) 

48,93 
(45,97) 

- - - - - - - - - - - - 25,02 17,77 

L
V 

- - - - - - - - - - - - - 30,44 
(33,14) 

- - - - - - - - - - - - - 30,35 

N
O
1 

12,04 
(11,83) 

23,08 
(22,73) 

26,57 
(20,28) 

37,11 
(33,78) 

29,4 
(29,71) 

29,13 
(29,44) 

49,23 
(48,79) 

25,73 
(23,62) 

39,15 
(40,3) 

33,74 
(34,66) 

54,25 
(49,59) 

46,42 
(44) 

29,56 
(29,79) 

37,56 
(36,42) 

4,21 7,69 17,33 15,29 3,00 4,43 10,85 12,52 14,85 6,01 17,06 17,28 13,55 7,16 

N
O
2 

12,5 
(12,26) 

23,46 
(22,89) 

26,92 
(20,74) 

37,17 
(33,84) 

29,14 
(29,15) 

29,39 
(29,5) 

48,97 
(47,86) 

29,58 
(26,13) 

51,17 
(49,98) 

35,55 
(35,04) 

51,84 
(49,18) 

46,09 
(44) 

29,16 
(29,74) 

37,33 
(36,35) 

8,94 7,45 17,00 15,33 2,90 5,03 11,32 9,96 15,05 23,29 23,99 16,74 11,81 6,89 

N
O
3 

4,19 (0) 6,42 (0) 3,11 (0) 19,48 
(0) 

11,75 
(0) - 4,27 (0) 29,43 

(26,1) 
44,02 

(47,32) 
24,92 

(31,69) 
58,03 

(49,83) 
47,49 
(45,8) 

31,48 
(31,24) 

38,96 
(37,87) 

7,41 11,27 14,67 24,91 14,12 0,00 11,97 9,69 20,35 27,81 45,18 15,54 13,83 7,80 

N
O
4 

- - 3,11 (0) 18,12 
(0) - - - - - - 55,08 

(49,36) 
47,48 

(45,61) 
31,17 
(31) 

38,6 
(37,79) 

- - 14,67 25,12 - - - - - - 40,17 15,42 13,66 7,32 

N
O
5 

- - - - - - - - - - 41,13 
(47,71) 

45,86 
(43,41) 

28,95 
(29,76) 

37,6 
(36,42) 

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 23,66 17,72 13,05 7,27 

SE 
14,23 

(13,58) 
22,86 

(22,56) 
27,61 

(21,62) 
36,49 

(33,46) 
28,08 

(28,72) 
29,76 

(29,77) 
48,12 

(46,85) 
30,25 

(26,57) 
51,12 

(49,74) 
37,01 
(36,3) 

56,82 
(49,43) 

49,77 
(46,52) - - 

10,19 8,28 16,94 15,17 4,58 5,64 12,44 10,40 16,10 23,26 45,04 23,53 0,00 0,00 

SE
1 

- - - - - - - - - - - 37,34 
(0) 

31,72 
(31,46) 

39,19 
(38,14) 

- - - - - - - - - - - 14,27 13,98 8,29 

SE
2 

- - - - - - - - - - - 37,34 
(0) 

31,78 
(31,57) 

39,19 
(38,14) 

- - - - - - - - - - - 14,27 13,99 8,29 

SE
3 

- - - - - - - - - - - 38,28 
(0) 

32,32 
(31,63) 

39,45 
(38,16) 

- - - - - - - - - - - 14,83 15,30 8,86 

SE
4 

- - - - - - - - - - - 42,04 
(0) 

34,21 
(32,94) 

39,93 
(38,43) 

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,80 16,23 9,46 

*S
P 

12,73 
(12,54) 

23,15 
(22,73) 

26,91 
(20,78) 

36,69 
(33,28) 

28,92 
(29,09) 

29,33 
(29,59) 

48,59 
(48,26) 

27,93 
(25,09) 

44,73 
(44,68) 

35,02 
(35,23) 

53,06 
(49,25) 

47,05 
(45,78) 

31,2 
(31,01) 

38,1 
(37,44) 

 5,39 7,67 17,06 15,12 3,25 4,65 11,13 10,67 13,69 6,26 16,05 15,72 13,77 6,95 

*SP refers to system price 
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Figure 10 Annual mean of Elspot prices 

Figure 11 Annual standard deviations of Elspot prices 

0

10

20

30

40

50

60
System Price

DK1 Århus

DK2 Copenhagen

FI Helsinki

NO1 Oslo

SE Sweden

SE1 Luleå

SE2 Sundsvall

SE3 Stockholm

SE4 Malmö

NO4 Tromsø

0

10

20

30

40

50

60
System Price

DK1 Århus

DK2 Copenhagen

FI Helsinki

NO1 Oslo

NO4 Tromsø

SE Sweden

SE1 Luleå

SE2 Sundsvall

SE3 Stockholm

SE4 Malmö



39 

Table 12 Descriptive statistics for individual samples of daily area price differences (DSPOT) and 
synthetic monthly futures (MF) prices, 2004-2013 

Area Mean Median Max Min. Std. Dev. Skew. Kurt. Jarque-Bera Prob. Sum Sum Sq. Dev. Obs. 

DK2_DSPOT 5,85 2,09 370,88 -27,59 14,40 10,59 214,53 4634211,00 0,00 14402,18 510253,40 2461 

DK2_MF 5,33 3,92 40,10 -12,83 5,88 0,87 5,86 1098,72 0,00 12550,46 81355,69 2355 

FI_DSPOT 3,42 0,63 370,88 -9,89 11,23 18,96 541,20 29849677,00 0,00 8428,90 309992,90 2461 

FI_MF 2,84 1,53 18,70 -4,50 3,43 1,47 5,27 1379,98 0,00 6842,00 28336,55 2407 

NO1_DSPOT -1,50 -0,30 46,33 -44,62 4,34 -1,12 27,75 63345,80 0,00 -3693,33 46256,05 2461 

NO1_MF -0,74 -0,30 10,50 -15,00 2,35 -1,63 9,37 5156,56 0,00 -1798,17 13334,69 2421 

*SEf_DSPOT 2,28 0,23 370,88 -9,01 10,40 23,74 742,97 56355275,16 0,00 5618,95 266053,72 2460 
*SEf_MF 2,08 1,15 13,60 -5,25 2,61 1,64 6,04 1981,92 0,00 4960,25 16252,89 2384 
SE_DSPOT 2,46 0,25 370,88 -9,01 11,61 21,84 612,85 29874697,00 0,00 4727,09 258373,40 1918 
SE_MF 2,01 1,00 13,60 -5,25 2,78 1,70 5,90 1597,16 0,00 3860,80 14804,25 1918 
SE3_DSPOT 1,64 0,13 16,90 -7,38 3,70 1,97 6,90 693,72 0,00 891,31 7401,70 543 
SE3_MF 2,43 2,28 7,50 -0,30 1,68 0,56 2,83 24,75 0,00 1133,98 1318,42 467 
DK1_DSPOT 4,21 1,67 396,44 -95,41 15,28 10,56 268,65 4900271,00 0,00 6976,16 386249,20 1656 

DK1_MF 4,11 3,55 42,13 -40,00 8,45 -0,20 7,33 1235,93 0,00 6439,35 111781,30 1565 

SE1_DSPOT -0,16 -0,03 16,90 -41,05 6,96 -3,85 22,72 10530,87 0,00 -89,12 27261,85 564 

SE1_MF 0,10 0,00 3,50 -1,98 0,75 0,97 5,55 184,10 0,00 43,83 241,63 432 

SE2_DSPOT -0,12 -0,01 16,90 -41,05 6,96 -3,86 22,83 10642,44 0,00 -67,61 27249,36 564 

SE2_MF 0,23 0,00 3,75 -1,95 0,89 0,89 4,22 84,96 0,00 101,31 347,81 439 

SE4_DSPOT 2,26 1,03 25,75 -41,05 8,53 -2,16 13,65 3103,41 0,00 1274,12 40925,59 564 

SE4_MF 5,29 5,05 17,00 -0,10 3,59 0,72 3,45 42,56 0,00 2388,99 5807,70 452 

NO3_DSPOT 0,55 -0,03 16,90 -15,72 2,49 1,53 14,43 3286,86 0,00 311,31 3477,68 564 

NO3_MF -0,32 -0,40 0,95 -1,25 0,40 0,19 2,93 2,70 0,26 -139,80 70,47 442 

Note: *SEf combines data for Sweden before the split (SE) into four areas and the Stockholm area (SE3) after the split.

Table 13 Model lag lengths 
Area k AIC SC HQ Lag exclusion Wald Tests  Obs 
DK2 5  10,70  10,76   10,72* - 2312 
FI 5  9,22   9,28*   9,24* - 2306 
SE3 31 8,51 8,83* 8,63* 6,9,10,13,14,18,29,30 2282 
NO1 11 5,61 5,72 5,65* 2,9  2387 
DK1 14 10,12* 10,32 10,19* 2,4,7-9 1508 
SE1 2 4,86* 4,96* 4,9* - 417 
SE2 2 4,98* 5,07* 5,02* - 416 
SE4 1 8,52 8,58* 8,54* - 430 
NO3 7 3,72* 4,01 3,83 2,3,6 430 
Note: k-th lag order VAR model; * equals 5 % significance level of relevant statistics; Lag exclusion Wald test removes 
jointly insignificant lag(s) at 10% significance level. 
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ABSTRACT 

The current theory holds that forward risk premia explain the hedging pressures between suppliers and consumers trading 

derivatives. This study brings new empirical evidence from the Nordic electricity market and explores the forward risk premia 

dynamics on power derivatives contract called electricity area price differentials (EPAD). This contract is critical for the market 

but is under EU regulatory pressure due to efficiency limits. The work investigates significance, directions, and magnitudes of 

forward risk premia in individual bidding areas and contract maturities during 2001-2013. We test the theory of negative 

relationship between forward risk premia and time-to-maturity, which we partially refute.  

Keywords: forward risk premia; time-to-maturity; hedging 

1 Introduction 

This article addresses the issue of systematic differences between the trading prices of electricity forward contracts (𝐹𝑡,𝑇) and 

the contracts’ predicted spot prices when they are delivered (𝐹𝑇,𝑇). We call this systematic difference forward risk premia, in

line with (Longstaff & Wang, 2004; Benth & Meyer-Brandis, 2009; Benth, Cartea, & Kiesel, 2008; Marckhoff & Wimschulte, 

2009). Forward risk premia can be understood as mark-ups or compensations in the derivatives contracts charged either by 

suppliers or consumers for bearing the demand or/and price risk for the underlying commodity (electricity). The emergence, 

magnitudes, and behaviour of forward risk premia in power derivatives contracts are the subjects of this paper. 

The research topic of forward risk premia is of relevance to power producers and consumers, policy makers, as well as academic 

researchers. Firstly, the absolute and dynamic differences between today’s electricity forward price and the expected electricity 
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LTR Long Term Transmission Rights 
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spot price have direct impacts on the market participants’ (hedgers and speculators) cash flows. This is, by paying too high or 

too low risk premia for bearing the price or supply risk relative to the underlying commodity (electricity), market participants 

are exposed to additional uncertainty and financial risks. If the hedge does not offer sufficient protection, if it is too hard to 

sell, or too costly to buy, market frictions and thus transaction costs increase. These costs spill out into industrial production 

costs, prices of products and services, and overall negatively affect the competitiveness and competition of a given geographical 

region.  

Secondly, policy makers ought to sustain a competitive electricity market so they must clearly understand the problem of risk 

premia which represent mark-ups in electricity financial contracts for bearing risks. Presence of negative or positive risk premia 

in forward contracts does not immediately point out to anti-competitive behaviour. What it does help with is understanding the 

exerted pressures from supply or demand sides and measuring the costs for bearing such pressures. Surprisingly, only limited 

research has examined market inefficiencies of the financial electricity market (Redl & Bunn, Determinants of the premium in 

forward contracts, 2013). Compared to the theoretical and empirical research on inefficiencies in the physical wholesale power 

markets (Borenstein, Bushnell, & Wolak, 2002; Joskow, 2006; Growitsch & Nepal, 2009) where mark-ups in spot prices are 

thoroughly examined, the same is not true for power derivatives contracts. Yet, power derivatives markets are equally 

susceptible to market inefficiencies as are the spot markets. Earlier literature (Hicks, 1939; Lutz, 1940; Keynes, 1930) postulates 

that the difference between the current forward price and the expected future spot price is negative (negative risk premia), 

implying there are systematic hedging pressure effects. Nevertheless, more recent studies (Bessembinder & Lemmon, 2002; 

Benth, Cartea, & Kiesel, 2008) describe both positive and negative risk premia that are mainly determined by the behavioural 

interaction between buyers and sellers as well as their risk considerations during different trading periods. Specifically, 

(Benth;Cartea;& Kiesel, 2008) formulate a theory of the relationship between forward risk premia and time-to-maturity by 

predicting decreasing values of risk premia (eventually getting negative) when the time-to-maturity increases. Their theory 

sheds light on the role of market players’ attitudes towards bearing risks during different periods of time. Clearly, in order to 

design efficient market rules and regulations for electricity markets, the risk premia as mark-ups in derivatives contracts must 

be theoretically and empirically understood.  

Thirdly, the connection between electricity spot and forward prices is not clear (Benth & Meyer-Brandis, 2009, s. 116) and the 

current explanation of forward risk premia in electricity derivatives rests on irregular and random behaviour of market 

participants. Some studies stress the behavioural motives of actors to hedge and diversify risk that explain the forward risk 

premium and its sign (Benth;Cartea;& Kiesel, 2008; Cartea & Villaplana, 2008). Others (Bessembinder & Lemmon, 2002) 

explain the forward risk premia as a net hedging cost due to the risk aversion between producers and retailors. Specifically, 

Bessembinder and Lemmon state that the forward risk premium in electricity prices depends negatively on the spot price 

variance and positively on the standardized skewness† of the spot price. This implies that during peak daytime periods, cold 

winters or transmission bottlenecks, spot prices are often positively skewed, which increases the demand for long forward 

contracts and their prices rise above the expected future spot price (Redl;Haas;Huber;& Böhm, 2009). Similarly, during the 

off-peak periods when electricity demand is low, such as summer periods in Scandinavia, demand risks are low and spot prices 

are closer to the normal distribution. This pushes the forward contracts below their expected spot price counterparts. 

                                                           
† The standardized skewness coefficient is calculated as the skewness divided by the standard deviation spot power prices cubed. 
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Nevertheless, these relationships are both supported (Lucia & Torró, 2011; Furió & Meneu, 2010; Pirrong & Jermakyan, 2008), 

and at most only partially supported (Redl & Bunn, 2013). Yet other researchers focus on the market fundamentals that explain 

the forward risk premia in forward contracts by such determinants as CO2 prices (Furió & Meneu, 2010) or levels of hydro 

reservoirs (Lucia & Torró, 2011; Marckhoff & Wimschulte, 2009; Spodniak;Chernenko;& Nilsson, 2014). 

In this study, we focus on a specific power derivative contract called electricity area price differentials (EPAD), which enables 

market participants in the Nordic electricity market to hedge themselves (or speculate) against the local area electricity prices. 

The reason for studying particularly this contract is its unique design and exceptional role it plays in the European and global 

electricity markets. According to the two main Network Codes (NC) designed by ENTSO-E (NC on Forward Capacity 

Allocation, and NC on Capacity Allocation and Congestion Management) an alternative mechanism to hedge local electricity 

prices, called financial transmission rights (FTR), should be implemented EU-wide. The Nordic EPAD contracts have so far 

received an exception from the planned FTR mechanism, under the assumption that “[…] appropriate cross-border financial 

hedging is offered in liquid financial markets on both side(s) of an interconnector” (ACER, 2011, p. 10). However, especially 

the liquidity assumption of EPAD has been strongly questioned (NordReg, 2010; Hagman & Bjørndalen, 2011; 

Spodniak;Collan;& Viljainen, 2015). As expected, liquidity also impacts the risk premia in EPAD the buyers (sellers) are 

willing to accept (charge) for bearing the price risk (demand risk). 

Both EPAD and FTR are financial derivative contracts falling into the group of long-term transmission rights (LTR) that give 

market participants the possibility to reduce or share transmission congestion risks. While FTR hedge the electricity price 

difference between two neighbouring areas, EPAD hedge the difference between local area price and a reference system price. 

It is out of the scope of this study to address FTR, which are mainly implemented in power markets with nodal pricing, such 

as the US. So except brief references and short comparison of EPAD and FTR, we solely focus on EPAD in the Nordic 

electricity market, to which we give a brief overview next.  

In liberalized and deregulated electricity markets, power producers compete for the scarce transmission network to supply 

power to customers. Due to diverse operational conditions of the power system, transmission network becomes congested and 

the power consumers are prevented from accessing the most efficient power producers. To address the scarcity problem of 

transmission lines, congestion management and tradable long-term transmission rights (LTR) are integrated to the fundamentals 

of power market designs. EPAD is a financial contract with weekly, monthly, quarterly, and yearly maturity traded on Nasdaq 

OMX Commodities used for hedging the price difference between a specific bidding area and a reference system price in the 

Nordic electricity market. The system price is an equilibrium price of the whole Nordic market, where bids and offers from 

players across seven countries (Norway, Sweden, Finland, Denmark, Estonia, Latvia, and Lithuania) discover electricity prices 

for each hour of the following day. As a part of the congestion management, the Nordic electricity market uses a zonal pricing 

model, which splits geographical regions (countries) into multiple bidding areas (currently fifteen), that are to reflect the 

transmission congestion between neighbouring regions. Hence, area prices represent the marginal cost of congestion, and the 

system price is the reference price for the entire market.  

One major problem with quantifying risk premia with traditional forward pricing methods (e.g. buy-and-hold) is that they are 

not applicable to non-storable goods, such as electricity. Electricity is a non-storable commodity due to the currently limited 

options for storing large quantities of electricity (uneconomic), and due to the need for constant balance of electricity supply 
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and demand (Kirchhoff’s laws). Hence, one usually defines the forward electricity price as the expected price of the commodity 

at delivery conditioned on an information filtration (Benth, Cartea, & Kiesel, 2008; Benth & Meyer-Brandis, 2009) plus the 

risk preferences (risk premium) of market participants (Cootner, 1960; Dusak, 1973; Breeden, 1980). To quantify the risk 

premia in EPAD contracts, we revisit the ex-post approach (Longstaff & Wang, 2004; Marckhoff & Wimschulte, 2009; 

Shawky, Marathe, & Barrett, 2003) and define the ex-ante risk premia in forward prices as the ex-post differential between the 

observed forward prices and the realized delivery date spot prices. We quantify risk premia in EPAD for the time period 2000-

2013 using daily financial price data from Nasdaq OMX Commodities and daily spot price data from Nord Pool Spot. Despite 

the fact that EPAD is a standardized deffered settlement futures contract, we use the term forward risk premia or simply risk 

premia because of its established usage in finance and banking theories.  

There are three main objectives of this work. First, due to the limited research on electricity area price differentials (EPAD) 

contracts, the paper brings empirical evidence on risk premia in EPAD to support political and academic discussion on long-

term transmission rights in Europe. Second, due to the indeterminate evidence on the determinants of risk premia in power 

derivatives contracts, this work investigates the significance, direction, and magnitude of risk premia according to location, 

delivery periods, and time-to-maturity in the Nordic electricity market. Third, the work scrutinizes the time-evolution of 

forward risk premia and tests on the Nordic electricity market the theory (Benth;Cartea;& Kiesel, 2008) which predicts 

decreasing values of risk premia (eventually getting negative) when the time-to-maturity increases. 

Our main contribution lies in expanding the scale and scope of the limited theoretical and empirical research on transmission 

risks and forward risk premia in power derivatives markets. By quantifying forward risk premia in EPAD according to location, 

delivery period, and contract type, we present new and comprehensive empirical evidence giving facts to energy policy makers 

and alternatives to academicians. Further, we bring into the debate a new timeframe (2001-2013) which is characterized by 

fundamental market changes, such as implementation of EU ETS, introduction of the 3rd Energy Package, and market size 

changes, i.e. inclusion of Estonia, Lithuania, Latvia and splitting of Sweden and Norway into multiple bidding zones. Our study 

also provides research validation of earlier findings on determinants of forward risk premia (Marckhoff & Wimschulte, 2009) 

and on the relationship forward risk premia and time-to-maturity (Benth;Cartea;& Kiesel, 2008). Methodologically, we 

improve the forecast precision by using daily frequency data, in comparison to earlier studies that relied on monthly averages 

(Kristiansen, 2004; Redl & Bunn, 2013; Furió & Meneu, 2010).  

The paper is structured as follows. The next section presents a brief state of the art on spot and forward electricity pricing, and 

identifies the theoretical gap in current knowledge on risk premia. Section 2 opens up the methodology for deriving ex-ante 

and ex-post risk premia. Section 3 explains the hedging strategies from power producer, consumer, and speculator’s 

perspective.  Section 4 analyses the identified risk premia in EPAD, with discussion on the impacts of liquidity and time-to-

maturity on risk premia. The paper ends with a conclusions and policy implications in section 5. 

1.1 State of the art 

Electricity pricing in general, and the link between spot prices and forward prices in particular, is mainly defined by two 

literature streams, industrial organization and financial theory. The former addresses the impacts of forward contracting, which 

was shown to reduce market power, spot prices (Allaz, 1992; Wolak, 2000), and lead to competitive outcomes in Cournot 
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duopoly (Allaz & Vila, 1993). However, the theory fails to explain the sign of the forward risk premium as well as the potential 

impacts of lower spot prices on forwards. The latter theory explains the wholesale electricity prices by different state factors, 

such as demand and capacity (Cartea & Villaplana, 2008), or demand and fuel price (Pirrong & Jermakyan, 2008). In this 

stream, an increasing research interest is devoted towards the role of market players’ attitudes towards bearing risks during 

different periods of time. For instance, Benth et al. (2008) illustrate the link between time-to-maturity and risk premia, 

specifically between market risk premia, market players’ risk preferences, and the market price of risk. Also, Furió & Meneu 

(2010) present some evidence on market players’ decisions captured by forward premia. Behind these studies often lies the 

seminal work of Bessenmbinder and Lemmon (2002) who model the economic determinants of market clearing forward power 

prices based on equilibrium considerations. Bessenmbinder and Lemmon also state, that the forward risk premium, defined as 

the difference between observed forward prices and the expected delivery date spot prices, depends negatively on the spot price 

variance and positively on the standardized skewness of the spot price. For an overview of additional empirical studies dealing 

with spatial price risks in spot and forwards electricity markets, see Table 1. Even though most of the studies go well beyond 

testing only a single-factor impacts on the risk premia, the evidence is inconclusive and often tied to a context-specific setting 

in a narrow time-frame. For instance, a quick glance at the time frames of the listed studies underlines the large scale (2001-

2013) and scope (multiple countries and bidding areas) of the sample to be presented by our study.  
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2 Methodology 

Due to the technical and economic limitations of electricity storability, the traditional theory of storage4 is not 

applicable to pricing electricity derivatives. Instead, the price of electricity derivatives is determined by expectations 

and risk preferences of market participants (Cootner, 1960; Dusak, 1973; Breeden, 1980). Risk premia represent a 

premium (discount) that buyers (sellers) of futures contracts are willing to pay (accept) in addition to the expected 

future spot price in order to eliminate the risk of unfavourable future spot price movements (Marckhoff & Wimschulte, 

2009, p. 263). This approach states ex-ante that the futures price 𝐹𝑡,𝑇 is determined by the expected future spot price 

𝐸(𝑆𝑇|𝜴𝑡) and the risk premia 𝜋𝑡
𝐹 where 𝜴𝑡 is the information set available at time t.  

𝐹𝑡,𝑇 = 𝐸(𝑆𝑇|𝜴𝑡) +  𝜋𝑡
𝐹 (1) 

It is a common practice in forward and futures pricing litereatrue (equity, foreign exchange, fixed income derivates) 

to calculate the ex-ante premium in the forward price as ex-post differential between the observed futures prices and 

the realized delivery date spot prices (Shawky, Marathe, & Barrett, 2003)5. Longstaff and Wang (2004) suggested this 

ex-post approach to risk premia by using 𝑆𝑇 as a proxy for 𝐸𝑡(𝑆𝑇), and Marckhoff and Wimschulte (2009) applied this 

proxy to calculate the ex-post risk premia for CfD (EPAD). In our study, we too embrace the ex-post methodology to 

risk premia.  

More specifically, during each day of the delivery period, the holder of long EPAD position receives a payoff which 

is similar to receiving the area spot price and paying the system spot price. In contrast, a holder of a short EPAD 

position receives during the delivery period a payoff similar to paying the area price and receiving the system price. 

Kristiansen (2004) sees ex-post risk premia as the difference between average EPAD prices and the average difference 

between the area and system price during the delivery period. Another ex-post approach employed by Marckhoff & 

Wimschulte (2009) is to examine the risk premia on daily basis instead of averaging the ex-post premia. The latter 

approach thus enables assessment of EPAD’s development throughout the contract’s duration.  In detail, EPAD risk 

premium at time t for delivery at T equals to price of EPAD contract on time t for delivery at T, i.e. the expected price 

(expected at the present moment t) of EPAD contract on time T for delivery at T. More formally, this is represented 

by Equation 2. 

𝜋𝑡
𝐸𝑃𝐴𝐷 = 𝐸𝑃𝐴𝐷𝑡,𝑇 − 𝐸𝑡(𝐸𝑃𝐴𝐷𝑇,𝑇)  (2) 

EPAD risk premium at time t for delivery at T equals to EPAD price on time t for delivery at T minus the average 

realized difference between the area price and the system price during the delivery period between T1 and T2. The 

premium for each delivery period (year/month/quarter/week) and area is computed separately. For practical purposes 

the following EPAD payoff equation is used: 

                                                           
4 Theory of storage studies the difference between today’s spot and futures prices while considering the interest rate (interest 

forgone), storage costs, and convenience yield (Kaldor, 1939; Working, 1948) 
5 Other studies measure risk/forward premia between day-ahead (DA) markets (t-1) and real time (RT) markets (t), as a percentage 

change (DA-RT)/RT, see (Hadsell & Shawky, 2006, p. 173).   
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𝜋𝑡
𝐸𝑃𝐴𝐷 = 𝐸𝑃𝐴𝐷𝑡,𝑇 −

1

𝑇2−𝑇1
∑ (𝑃ℎ

𝐴𝑟𝑒𝑎 − 𝑃ℎ
𝑆𝑦𝑠𝑡𝑒𝑚

)
𝑇2
ℎ=𝑇1

(3) 

where 𝜋𝑡
𝐸𝑃𝐴𝐷- the risk premium;

𝐸𝑃𝐴𝐷𝑡,𝑇  -closing price of the EPAD contract on day t for delivery in period T; 

𝑃ℎ
𝐴𝑟𝑒𝑎 and 𝑃ℎ

𝑆𝑦𝑠𝑡𝑒𝑚
 -spot area and system prices, respectively, at hour h;

𝑇1and 𝑇2 -start and end of the delivery period, respectively;

𝑇2 − 𝑇1 -duration of the delivery period, in hours.

3 Explainer on the risk management strategies in the Nordic electricity 

market 

Market participants can hedge against the transmission risks by locking-in price via the combinations of contracts, as 

illustrated in Figure 1. In particular, generators hedge income streams by selling system futures, which protects them 

against the energy risk, i.e. system price fluctuations. In addition, if they identify transmission risk as a threat, they 

sell EPAD contracts to avoid volatility stemming from the area prices, against which they are charged at the spot 

market. The resulting cash flow can be positive or negative depending especially on the market outcome during the 

delivery period. Because generators control their production they may profit from spot price fluctuations by exploiting 

various parameters, such as plant portfolio, degree of horizontal integration, technical flexibility to adjust production 

in short-time scales, and market rules (e.g. uniform pricing auction scheme).  

Retailers often hedge the fixed price contracts agreed with end-customers, without the exact knowledge of quantity 

of electricity demanded. Households are still in many cases charged according to their average load profiles rather 

than based on the time of consumption. Despite the increasing deployment of smart meters across the EU (80% by 

2020), the price risks remain a pressing issue for the retailers without hourly, or spot price based contracts with end-

customers. This practice is clearly contingent on where the customers are located as, for example Norwegians are 

more prone to time-based pricing than the Swedes are (NVE, 2012). For these reasons, retailors buy both futures 

contracts and EPAD contracts, in order to have a full hedge against the spot price volatility.  

Finally, traders (speculators) aim to foresee profitable trades between specific bidding areas. Their actions thus aid 

market liquidity (more bids and offers) and price stability. EPAD trader sells a contract in a trade origin, e.g. in 

Copenhagen, and buys the same maturity contract for the same time period in a trade destination area, e.g. Stockholm. 

In simplified terms, the trader benefits when the price difference in the trade origin is smaller during the delivery 

period than the price of EPAD he sold, i.e. no need to pay the positive difference to the counterparty. Vice versa, the 

trader benefits if the price difference in the trade destination is higher during the delivery period than the price of 

EPAD he bought, i.e. receives the positive differences from the counterparty. However, the total profitability 

speculation is dependent on multiple factors, such as the amount of expiry market settlement, the magnitude of price 

movements during delivery period, transaction costs, and market liquidity.  
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Figure 1 Illustration of market participants’ hedging strategies (Single Column Figure) 

As an example, we take the average daily prices from Nord Pool Spot day-ahead market (Elspot) during one sample 

day (14.8.2014) and illustrate theoretical hourly cash flow for each market participant. For simplicity, we omit any 

intermediate cash flows8 and consider a one-period setup, i.e. hedging a volume of 1 MW during each hour of a single 

day (24 hours). Figures 2-4 summarize the theoretical outcomes for the main market participants – generators, 

retailors, and traders (speculators).  

There are three steps10 in the scenario. First (T-2), market participants trade the system futures and EPAD contracts; 

second (T-1), the system price and area prices are discovered; third (T), profit and loss is calculated based on the 

values from T-2 and T-1. As is visible from the scenarios, the economic results for generators, retailors, and traders 

depend on the bundles of EPAD and system futures contracts. The hedged total amount (system futures + EPAD) 

locks-in the total price and protects its owner against the more volatile spot market outcome. Assuming that the 

generator selling electricity at the spot market is an area’s marginal generator where her bidding price represents her 

short-run marginal costs, her total profit will be equal to the total amount hedged (sold) minus the production area 

spot price during delivery. Similarly, if a retailor sells power to his end-customers in the consumption area for the 

local spot price, his profit is equal to the difference between the consumption area’s spot price and the total amount 

hedged (bought). Both generators and retailors can make profit or loss on their hedging strategies, depending on their 

forecasting ability, type of generation fleet, type of contracts with end-users, etc. On the contrary, speculators do not 

possess any physical power production facilities neither do they have contracts with end-customers. Speculators focus 

on EPAD price movements and aim to correctly identify short-term profitable trades on various EPAD bundles. For 

taking on the EPAD price risk without any underlying assets (generation, end-customers), speculators are exposed to 

8 For illustrative purposes, this example omits the expiry market settlement and instead focuses on the spot reference settlement for 

each hour of a single day. See Nasdaq OMX Commodities for details.  
10  For detailed values of each step and formulas, saee Appendix. 
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higher than average risks for the hope of above average profits. At the same time, speculators improve the market 

liquidity by representing additionally counterparty for hedgers (generators and retailors), which improves market 

efficiency via lower bid-ask spreads. 

Figure 2 Market outcomes for generators selling system futures and selling EPAD in production location (Double 

Column Figure) 

Figure 3 Market outcomes for retailors buying system futures and buying EPAD in consumption location (Double 

Column Figure) 
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Figure 4 Market outcomes for traders (speculators) selling EPAD in trade origin and buying EPAD in trade destination 

(Double Column Figure) 

What is also apparent from the Figures 2-4 is that generators and retailors are each other’s counterparties, which is in 

contrast to financial transmission rights (FTR) where most often the transmission system operator (TSO) acts as the 

counterparty. TSO’s role as counter party is assumed to reduce the market premiums and that is why EPAD Combos  

have been recently being promoted (Nasdaq OMX, 2013). Such contracts would blur the following two main 

differences between FTR and EPAD. The first difference is that EPAD have no connection to the congestion rent 

collected by TSO during cross-border congestion; whereas FTR are issued directly by TSO which in this way 

redistributes the collected congestion rent (Kristiansen, 2004). Second, FTR hedge the price difference between 

bidding zones whereas EPAD hedges the price difference between bidding zone and the reference system price.  

 

4 Ex-post analysis of forward risk premia in electricity price area differentials 

(EPAD) 

In this section, we estimate the forward risk premia in EPAD contracts according to the ex-post methodology discussed 

above. In order to first distinguish the identified forward risk premia from zero, we test their statistical significance 

with respect to EPAD maturity (month, quarter, and year), trading location (bidding area), and trading time. Further, 

because market liquidity is an underlying driver behind bid-ask spreads which further impact the cost of EPAD for 

market participants, we deem necessary to highlight some empirical facts of our sample with respect to liquidity. Last, 

we test the theory of negative relationship between forward risk premia and time-to-maturity by regression analysis. 

We discuss the empirical findings and compare these to the theory.  

4.1 Risk premia in EPAD 

We begin by testing the presence of non-zero ex-post risk premia in EPAD contracts by estimating the mean risk 

premium 𝛼 for the individual maturities and bidding areas based on the regression equation (4). The null hypothesis 

H0: 𝛼 = 0  is tested against the alternative hypothesis H1: 𝛼 ≠  0.  
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𝐸𝑃𝐴𝐷𝑡,𝑇 − 𝐸𝑡(𝐸𝑃𝐴𝐷𝑇,𝑇) =  𝛼 + 𝜀𝑡 (4) 

We use the same formula as Furió and Meneu (2010) who find statistically insignificant -0,04 EUR/MWh risk 

premium in their overall sample of Spanish monthly forward contracts (4 February 2003 - 31 August 2008). However, 

after graphical inspection they split the sample into two periods with prolonged negative and positive risk premia, 

which prove statistically significant (-9,17 EUR/MWh and 2.81EUR/MWh). As shown in Table 2 we also discover 

that EPAD contracts contain significant risk premia, which vary in sign and magnitude across contract types, areas, 

and years. Most of the average yearly premia in each bidding area are significantly different from zero at 5% 

significance level, except for specific area/year/contract combinations.  

From the statistical properties of risk premia in EPAD contracts displayed in Table 2 we highlight the following two 

points. First, the highest volatility of risk premia (standard deviation) is observed in the most popular (% of total 

number of contracts) contracts, i.e. quarterly and monthly. These contracts include more frequent extreme values that 

disperse the distribution from the mean risk premia and drive the volatility upwards. More specifically, the highest 

risk premia volatility is observed in Århus (DK1) and Copenhagen (DK2) for quarterly and monthly contracts, 

especially in 2008, 2010 and 2011. The lowest volatility in risk premia is observed in the contracts with longer 

maturity, i.e. seasonal and yearly, especially during the initial six years after EPAD were introduced to the market 

(2001-2006). This also stems from the low liquidity during this period, as discussed in further detail in the next section. 

Second, we look at the magnitude and direction of the risk premia. Denmark is a country with the highest (positive) 

mean risk premia, especially Århus where, for instance, yearly 2010 EPAD contract contained a significant risk 

premium of 13,74 EUR/MWh (see Figure 5). This in practice means that if a buyer of Århus 2010 yearly EPAD 

bought a volume of 1 MW for 15,75 EUR (highest deal price, 15.10.2008), she would have to pay the seller a total of 

107 748 EUR ((3,45 – 15,75)*1 MW*8760h) in 201015. In practice, this is hedge costs 295,20 EUR per day or 12,30 

per hour. Nonetheless, majority of buyers and sellers hold the offsetting sides of the trade (hedgers), which minimizes 

their total exposure towards price (energy and transmission) fluctuations. Hence, even though the buyers of Århus 

2010 yearly EPAD paid more for the transmission risk hedge, they pay less for the energy risk hedge, i.e. the contracts 

for energy either on the spot or futures market are cheaper. Vice versa, the sellers of Århus 2010 yearly EPAD received 

a positive cash flow from selling the EPAD contract, but due to the low energy prices obtain less from selling the 

physical energy on the spot market. On the negative side of risk premia, we observe the highest values for Helsinki 

and Oslo areas, especially for the contracts with yearly maturity.   

15 The value 3,45 EUR/MWh is the final closing price on 28.12.2009 used for the expiry market settlement calculation. 
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Figure 5 Run-chart of closing price, deal price (OTC and Exchange), and average ex-post difference (DK1 – system 

price) in Århus (DK1) yearly EPAD for 2010 (SYARHYR-10) (Double Column Figure) 

Last but not the least, the hydro level conditions must be discussed due to the essential role of hydro power in the 

Nordic energy market. Poor (good) hydro year, measured by the deviation of the current percentage value from the 

historic median, tends to increase (decrease) the Nordic system price (Spodniak;Chernenko;& Nilsson, 2014; Bühler 

& Müller-Mehrbach, 2007). Drier years were 2002-03, 2006-07, and 2010-11, while years with higher precipitation 

were 2007-08 and 2011-12. During drier time periods hydro producers reduce output to save the scarcer energy source 

and more plants with higher marginal cost are operating. Areas with large share of hydro production cannot transmit 

all the demanded lower marginal cost electricity to areas with more thermal units (higher marginal cost) due to limited 

capacity of cross-border transmission. This leads to increased hedging pressure from producers pushing retailers and 

bigger customers to pay a higher premium (positive risk premia) for the expected increase in local area price compared 

to the system price. 

-10

-5

0

5

10

15

20

EU
R

/M
W

h

Closing Price Avg.(DK1-SYS) in 2010 DealPrice



 

1
4
 

 T
ab

le
 2

 E
x
-p

o
st

 r
is

k
 p

re
m

ia
 i

n
 E

P
A

D
 -

 m
ea

n
 a

n
d

 s
ta

n
d

ar
d

 d
ev

ia
ti

o
n

 i
n
 b

ra
ck

et
s 

()
 

 

D
el

iv
er

y
 

p
er

io
d
 

2
0

0
1
 

2
0

0
2
 

2
0

0
3
 

2
0

0
4
 

2
0

0
5
 

2
0

0
6
 

2
0

0
7
 

2
0

0
8
 

2
0

0
9
 

2
0

1
0
 

2
0

1
1
 

2
0

1
2
 

2
0

1
3
 

Århus  (DK1) 

M
o

n
th

 
- 

- 
- 

- 
- 

- 
-1

,9
4
 

(4
,9

7
) 

2
,2

3
 

(6
,9

9
) 

2
,4

4
 (

2
,9

2
) 

5
,1

1
 

(9
,4

1
) 

-0
,9

1
 

(6
,5

3
) 

2
,8

6
 (

4
,1

) 
-0

,5
4

*
 

(5
,9

2
) 

Q
u
ar

te
r 

- 
- 

- 
- 

- 
9

,0
5

 (
6
,4

1
) 

-2
,0

2
 

(3
,5

2
) 

-3
,6

3
 

(9
,7

5
) 

6
,2

8
 (

3
,6

) 
9

,5
4

 

(7
,7

4
) 

0
,4

*
*
 

(7
,8

2
) 

1
,3

4
 (

4
,5

2
) 

2
,0

8
 (

2
,7

4
) 

W
in

te
r 

1
 

2
,4

6
 (

0
,2

) 
-1

,3
2
 

(0
,2

5
) 

6
,2

 (
7

,3
2
) 

-1
,1

6
 

(1
,3

3
) 

-0
,4

5
 

(0
,9

3
) 

- 
- 

- 
- 

- 
- 

- 
- 

S
u

m
m

er
 

0
,7

2
 

(1
,8

1
) 

-1
,5

 

(0
,7

8
) 

-2
,3

3
 

(1
,2

7
) 

1
,2

3
 (

0
,8

) 
-5

,5
 (

1
,3

3
) 

- 
- 

- 
- 

- 
- 

- 
- 

W
in

te
r 

2
 

-1
,3

9
 

(0
,5

2
) 

1
4

,2
5

 

(0
,2

4
) 

1
,7

2
 

(1
,0

6
) 

1
,1

2
 

(0
,4

8
) 

-5
,5

8
 

(1
,3

2
) 

- 
- 

- 
- 

- 
- 

- 
- 

Y
ea

r 
- 

1
,9

5
 

(0
,2

9
) 

3
,3

8
 

(2
,2

7
) 

-0
,2

7
 

(0
,5

) 
-5

,5
5
 (

0
,6

) 
9

,8
1

 (
1
,5

2
) 

-0
,6

 

(3
,3

3
) 

-7
,1

6
 

(0
,5

2
) 

5
,7

2
 (

2
,5

2
) 

1
3

,7
4

 

(2
,4

4
) 

6
,1

1
 

(3
,8

2
) 

1
,6

2
 (

2
,0

2
) 

5
,4

4
 (

0
,8

5
) 

Copenhagen (DK2) 

M
o

n
th

 
- 

- 
- 

1
,0

5
 

(1
,0

5
) 

-0
,9

2
 

(5
,5

3
) 

4
,4

5
 (

4
,2

3
) 

0
,0

1
*
 

(3
,4

7
) 

1
,7

2
 

(7
,1

1
) 

0
,4

7
 (

5
,5

5
) 

-1
,1

3
 

(6
,6

) 

1
,6

3
 

(8
,8

1
) 

3
,4

6
 (

4
,9

6
) 

1
,9

5
 (

2
,5

6
) 

Q
u
ar

te
r 

- 
- 

- 
- 

- 
6

,8
4

 (
6
,0

1
) 

-0
,6

3
 

(4
,2

4
) 

-3
,1

4
 

(8
,2

2
) 

3
,8

1
 (

5
,8

5
) 

0
,8

4
 

(5
,2

8
) 

1
,4

9
 (

8
,9

) 
2

,6
9

 (
5
,7

) 
3

,6
5

 (
4
,1

4
) 

W
in

te
r 

1
 

- 
-1

,3
8
 

(0
,5

2
) 

1
,9

 (
0

,6
9
) 

1
,3

6
 

(0
,2

4
) 

-2
,1

4
 

(0
,1

4
) 

- 
- 

- 
- 

- 
- 

- 
- 

S
u

m
m

er
 

0
,7

7
 

(0
,1

7
) 

-0
,5

9
 

(0
,7

7
) 

-0
,0

7
 

(0
,8

) 

1
,9

4
 

(0
,5

2
) 

2
,0

8
 (

1
,3

7
) 

- 
- 

- 
- 

- 
- 

- 
- 

W
in

te
r 

2
 

-1
,2

2
 

(0
,1

9
) 

2
,7

2
 

(0
,2

6
) 

0
,7

2
 

(0
,4

8
) 

1
,3

6
 

(0
,1

9
) 

-8
,3

8
 

(1
,2

7
) 

- 
- 

- 
- 

- 
- 

- 
- 

Y
ea

r 
- 

-0
,8

9
 

(0
,4

5
) 

1
,3

7
 

(0
,4

9
) 

1
,5

6
 (

0
,4

) 
-3

,1
 (

0
,0

9
) 

5
,2

1
 (

1
,8

4
) 

1
,1

6
 

(3
,8

9
) 

-6
,7

1
 

(0
,9

1
) 

2
,7

8
 (

3
,3

7
) 

3
,9

7
 

(2
,6

1
) 

5
,7

3
 

(3
,0

6
) 

1
,4

5
 (

1
,8

6
) 

6
,2

4
 (

1
,2

6
) 

Helsinki (FI) 

M
o

n
th

 
- 

- 
- 

0
,7

9
 

(0
,5

8
) 

-0
,1

8
 

(1
,1

1
) 

0
,6

7
 (

1
,8

6
) 

-0
,6

 

(3
,3

7
) 

-0
,4

5
 

(4
,6

6
) 

-0
,0

8
*
*
 

(3
,3

4
) 

-2
,4

1
 

(7
,3

) 

1
,2

8
 

(4
,6

6
) 

1
,7

6
 (

3
,5

) 
0

,7
4

 (
3
,5

6
) 

Q
u
ar

te
r 

- 
- 

- 
- 

- 
0

,9
6

 (
1
,6

7
) 

-1
,2

8
 

(3
,1

9
) 

-3
,6

9
 (

5
) 

0
,4

 (
2

,6
9
) 

-2
,3

1
 

(5
,1

7
) 

0
*
*
 

(3
,8

4
) 

-0
,4

1
 (

2
,6

9
) 

2
,0

8
 (

3
,2

4
) 

W
in

te
r 

1
 

1
,3

9
 

(0
,0

7
) 

0
,2

3
 

(0
,1

8
) 

2
,3

2
 

(0
,4

8
) 

1
,5

5
 

(0
,3

9
) 

-0
,5

4
 

(0
,1

1
) 

- 
- 

- 
- 

- 
- 

- 
- 

S
u

m
m

er
 

1
,6

9
 

(0
,6

2
) 

-1
,3

4
 

(0
,2

4
) 

1
,1

2
 

(0
,5

1
) 

1
,5

 (
0

,3
1
) 

-0
,2

7
 

(0
,6

1
) 

- 
- 

- 
- 

- 
- 

- 
- 

W
in

te
r 

2
 

-0
,1

 

(0
,1

9
) 

2
,8

1
 (

0
,1

) 
2

,2
1

 

(0
,1

3
) 

0
,7

8
 

(0
,3

6
) 

-1
,3

4
 

(0
,3

2
) 

- 
- 

- 
- 

- 
- 

- 
- 

Y
ea

r 
- 

0
,0

8
 

(0
,1

4
) 

2
,1

 (
0

,0
8
) 

1
,5

6
 

(0
,1

4
) 

-0
,9

7
 (

0
,2

) 
1

,0
5

 (
0
,3

7
) 

-1
,3

5
 

(0
,2

8
) 

-5
,4

 

(0
,2

9
) 

-0
,5

1
 (

0
,8

8
) 

-2
,3

9
 

(0
,4

2
) 

-0
,8

1
 

(0
,3

9
) 

-3
,5

2
 (

0
,9

7
) 

0
,0

5
*
*
 

(1
,8

2
) 

Oslo (NO1) 

M
o

n
th

 
- 

- 
- 

-0
,1

6
 

(0
,5

) 

0
,0

2
*
*
 

(0
,2

8
) 

0
,0

5
*
*
 

(1
,2

4
) 

1
,3

2
 

(3
,1

9
) 

1
,0

6
 

(4
,3

5
) 

-0
,0

2
*
*
 (

2
) 

-0
,7

 

(3
,4

8
) 

1
,0

9
 

(2
,8

1
) 

-0
,0

5
*
*
 

(1
,7

7
) 

-0
,6

7
 

(1
,8

3
) 

Q
u
ar

te
r 

- 
- 

- 
- 

- 
-0

,4
3
 

(0
,8

4
) 

2
,2

5
 

(3
,1

7
) 

3
,7

 (
5

,2
) 

-0
,0

3
*
*
 

(1
,3

5
) 

-1
,4

8
 

(1
,8

5
) 

1
,1

 (
2

,2
4
) 

0
,6

6
 (

1
,4

4
) 

-0
,5

8
 

(1
,3

5
) 

W
in

te
r 

1
 

-0
,5

4
 

(0
,0

6
) 

0
,0

5
 

(0
,0

6
) 

-0
,8

9
 

(0
,4

7
) 

-0
,2

2
 

(0
,1

3
) 

0
,6

2
 (

0
,0

7
) 

- 
- 

- 
- 

- 
- 

- 
- 



 

1
5
 

 

S
u

m
m

er
 

-0
,2

7
 

(0
,2

3
) 

0
,7

1
 

(0
,1

6
) 

0
,5

6
 

(0
,3

5
) 

-0
,3

4
 

(0
,0

6
) 

0
,0

3
 (

0
,3

8
) 

- 
- 

- 
- 

- 
- 

- 
- 

W
in

te
r 

2
 

0
,2

1
 (

0
,1

) 
-0

,3
9
 

(0
,0

8
) 

-0
,2

5
 

(0
,1

6
) 

-0
,0

2
 

(0
,0

7
) 

-0
,1

 (
0

,1
4

) 
- 

- 
- 

- 
- 

- 
- 

- 

Y
ea

r 
- 

0
,3

 (
0

,0
6
) 

-0
,4

8
 

(0
,2

3
) 

-0
,2

4
 

(0
,0

7
) 

0
,4

5
 (

0
,0

7
) 

-0
,7

6
 (

0
,1

) 
2

,6
2

 

(0
,3

6
) 

5
,3

1
 

(0
,5

1
) 

0
,9

2
 (

0
,5

9
) 

-1
,5

4
 

(0
,4

4
) 

0
,3

8
 

(0
,3

4
) 

1
,4

2
 (

0
,3

8
) 

0
,2

1
 (

0
,4

2
) 

¤Stockholm (SE/SE3) 

M
o

n
th

 
- 

- 
- 

0
,9

6
 

(0
,7

2
) 

0
,3

6
 (

0
,5

) 
1

,0
8

 (
1
,4

4
) 

-1
,2

6
 

(3
,2

1
) 

-0
,8

1
 

(4
,6

3
) 

0
,0

1
*
*
 

(3
,3

1
) 

-2
,6

8
 

(7
,1

4
) 

2
,7

1
 

(2
,9

3
) 

1
,7

8
 (

1
,8

6
) 

0
,4

7
 (

2
,4

2
) 

Q
u
ar

te
r 

- 
- 

- 
- 

- 
1

,1
4

 (
0
,8

4
) 

-1
,8

 

(3
,0

4
) 

-4
,1

7
 

(5
,0

1
) 

0
,1

7
*
 

(2
,5

1
) 

-2
,7

 (
5

,7
) 

1
,1

7
 

(1
,9

4
) 

1
,8

6
 (

1
,6

2
) 

0
,7

7
 (

2
,4

4
) 

W
in

te
r 

1
 

1
,1

1
 (

0
,1

) 
0

,1
5

 

(0
,2

5
) 

1
,5

3
 (

0
,1

) 
1

,2
8

 

(0
,1

5
) 

-0
,2

 (
0

,0
8

) 
- 

- 
- 

- 
- 

- 
- 

- 

S
u

m
m

er
 

1
,3

3
 (

0
,5

) 
-1

,2
8
 

(0
,1

5
) 

-0
,2

 

(0
,2

6
) 

1
,2

3
 

(0
,2

4
) 

0
,3

5
 (

0
,2

9
) 

- 
- 

- 
- 

- 
- 

- 
- 

W
in

te
r 

2
 

-0
,2

2
 

(0
,1

5
) 

0
,7

6
 

(0
,1

1
) 

0
,9

 (
0

,1
4
) 

1
,2

3
 

(0
,1

1
) 

0
,1

8
 (

0
,2

1
) 

- 
- 

- 
- 

- 
- 

- 
- 

Y
ea

r 
- 

-0
,4

2
 

(0
,1

6
) 

0
,7

3
 

(0
,0

7
) 

1
,3

1
 

(0
,1

2
) 

-0
,0

8
 

(0
,0

8
) 

1
,2

2
 (

0
,1

7
) 

-1
,8

8
 

(0
,2

1
) 

-5
,9

2
 

(0
,1

4
) 

-1
,0

6
 (

0
,8

) 
-3

,0
9
 

(0
,2

7
) 

0
,1

 (
0

,3
9
) 

0
,3

1
 (

0
,8

3
) 

0
,5

8
 (

0
,7

1
) 

Luleå  (SE1) 
M

o
n
th

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
0

,3
2

 (
0
,8

) 
-0

,5
9
 (

1
,4

6
) 

-0
,3

4
 

(2
,2

1
) 

Q
u
ar

te
r 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
-0

,7
2
 (

0
,9

6
) 

-0
,8

3
 

(1
,7

6
) 

Y
ea

r 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

-0
,9

8
 (

0
,3

) 
-1

,3
7
 

(0
,4

4
) 

Sundsvall 

(SE2) 

M
o

n
th

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
1

,1
 (

0
,7

8
) 

-0
,6

2
 (

1
,4

5
) 

-0
,3

3
 

(2
,2

2
) 

Q
u
ar

te
r 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
-0

,5
5
 (

1
,0

2
) 

-0
,8

2
 

(1
,7

5
) 

Y
ea

r 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

-0
,5

5
 (

0
,2

9
) 

-1
,3

1
 

(0
,4

8
) 

Malmö 

(SE4) 

M
o

n
th

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
8

,4
 (

3
,0

4
) 

3
,6

 (
3

,6
6
) 

1
,3

1
 (

2
,8

3
) 

Q
u
ar

te
r 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
5

,0
2

 (
2
,9

5
) 

2
,9

1
 (

3
,3

) 

Y
ea

r 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

4
,6

3
 (

1
,7

4
) 

5
,2

2
 (

1
,6

1
) 

¤Tromsø 

(NO3/NO4) 

M
o

n
th

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
1

,2
 (

1
,0

2
) 

-0
,4

6
 (

0
,9

4
) 

0
,0

5
 (

0
,7

4
) 

Q
u
ar

te
r 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
-0

,2
8
 (

0
,6

2
) 

-0
,7

1
 

(0
,6

9
) 

Y
ea

r 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

-0
,0

1
 (

0
,3

) 
-0

,7
4
 (

0
,3

) 

N
o

te
: 

A
ll

 v
al

u
es

 a
re

 g
iv

en
 i

n
 E

U
R

/M
W

h
 a

n
d

 s
ig

n
if

ic
an

t 
at

 5
%

, 
ex

ce
p

t 
v
al

u
es

 m
ar

k
ed

 w
it

h
 *

 a
n

d
 *

*
 r

ef
er

ri
n

g
 t

o
 s

ig
n

if
ic

an
ce

 a
t 

1
0

%
 a

n
d

 n
o
n

-s
ig

n
if

ic
an

ce
, 

re
sp

ec
ti

v
el

y
. 

¤
T

ro
m

sø
 

w
as

 N
O

3
 b

ef
o

re
 1

0
.1

.2
0

1
0

 a
n
d

 N
O

4
 t

h
er

ea
ft

er
; 

*
S

E
/S

E
3

 c
o

m
b

in
es

 d
at

a 
fo

r 
S

w
ed

en
 b

ef
o

re
 t

h
e 

sp
li

t 
(S

E
) 

in
to

 f
o

u
r 

ar
ea

s 
in

 N
o

v
.2

0
1
1

 a
n

d
 t

h
e 

S
to

ck
h

o
lm

 a
re

a 
(S

E
3

) 
th

er
ea

ft
er

. 



16 

4.2 Note on liquidity of EPAD  

Together with safety, liquidity is the driving principle of organizations’ investment strategies, see for instance 2014 

AFP Liquidity Survey (RBS Citizens Bank, 2014). Liquidity is the ability to quickly transact at low cost and with 

minimal effect on prices. Liquidity and clearing have much in common, especially in the case of EPAD. Since majority 

of the EPAD volume is traded over-the-counter (OTC) and the daily fix price is calculated only on the basis of 

exchange-based trades, the role of exchange-based trading is questioned and the representativeness of the daily fix 

undermined (Spodniak, Collan, & Viljainen, 2015). Churn rates (Spodniak, 2015), bid-ask spreads (Wimschulte, 

2010), and open interest are all measures of liquidity. In this study, we highlight the development of open interest, 

which is defined as a number of open contracts which have not yet been liquidated. Specifically, open interest 

represents the total number of contracts either long or short that have been entered into and not yet offset by 

delivery. Each open transaction has a buyer and seller, but for calculation of open interest, only one side of the contract 

is counted. 

Figure 6 displays the development of the EPAD open interest in GWh over 2000-2013 period with the break-down by 

price area. Further, Figure 7 shows the development of open interest in terms of number of contracts and with the 

break-down by contract type. As of 2013, the price areas with the largest open interest in EPAD are SE3 (Stockholm) 

and FI (Helsinki), with the volume shares 46% and 33% respectively. Quarterly contracts are more popular than the 

monthly or the yearly contracts, their shares in the number of contracts are 41%, 32% and 27% respectively in 2013.  

Figure 6. Development of the open interest of EPAD, GWh, break-down by price area (1,5 Column Figure) 
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Figure 7. Development of the open interest of EPAD, number of contracts, break-down by contract type (1,5 Column 

Figure) 

 

The open interest for EPAD contracts expanded between 2006-2013 from 8 GWh up to 28 GWh. The expansion is 

most likely due to the product restructuring and the change of the trading currency in 2006. The three seasonal 

contracts of unequal length16 were replaced with standardized quarterly and monthly contract while the yearly 

contracts have been preserved. The currency of trading was changed from Norwegian Krone to Euro for products with 

the delivery date January 1st, 2006 and beyond. While the trade growth of the main Nordic market might also explain 

the EPAD expansion (the trade volume nearly doubled between 2006 and 2012), it is not clear whether the trade, in 

fact, intensified after the product/currency changes on the financial market. 

The total open interest on the Nordic financial electricity market exceeded 300 000 GWh in 2009 (NordREG, 2010, 

p. 25), from which EPAD took less than 0,01% negligible share. The EPAD contracts offer hedging against the price 

difference between the system price and the area price which requires estimate of the two underlying prices. Separate 

forward contracts do not require understanding of both the system-wide and local price dynamics and thus appear 

more flexible. 

4.3 Relationship of forward risk premia and time-to-maturity 

Prior research shows a negative relationship between time-to-maturity and forward risk premia (Benth, Cartea, & 

Kiesel, 2008; Marckhoff & Wimschulte, 2009). Time-to-maturity is calculated as the difference in calendar days 

                                                           
16 Contract ‘Winter 1’ covered four months January-April; contract ‘Summer’ covered five month May-September, and contract 

‘Winter 2’ covered three months October-December. 
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between the trading day t and the first day of the delivery period for the respective contract. We test this relationship 

by regressing risk premia 𝜋𝑡
𝐸𝑃𝐴𝐷 on their respective remaining time-to-maturity 𝜏𝑡 during 2001 - 2013.

𝜋𝑡,𝑎
𝐸𝑃𝐴𝐷 = 𝑐 + 𝛽𝜏𝑡 + 𝜖𝑡 (5) 

Where 𝜋𝑡 , 𝑎 = risk premium at time t in bidding area a

𝜏𝑡  = remaining time-to-maturity 

 𝑐 = constant 

𝜀𝑡 = error term 

Most equations in the Table 3 have a significant and positive constant, in other words, the average risk premium at 

the expiration date is above zero and statistically significant. However, many equations have an insignificant 

coefficient on time-to-maturity (at least, one equation for each price area except SE3 Stockholm). The explanatory 

power of regression as measured by the adjusted R2 varies considerably, and can be high or low irrespective of the

significance level of the constant or the beta coefficient.  

Table 3. Regression results of the risk premium on time-to-maturity 

Area Contract N c beta Adj. R2

Åarhus (DK1) Season 278 -0.2080 0.0061*** .0819 

Month 67 1.9482*** -0.0159 .0053 

Quarter 284 2.4278*** 0.0035** .0318 

Year 1081 2.2301*** 0.0058*** .4998 

Copenhagen (DK2) Season 278 0.4115*** -0.0055*** .115 

Month 67 1.1235*** 0.0046 -.0015 

Quarter 284 2.0321*** -0.0011 .0106 

Year 1081 1.5524*** 0.0031*** .3762 

Helsinki (FI) Season 278 0.6231*** 0.0011*** .0409 

Month 122 0.5079*** -0.0089*** .0985 

Quarter 301 -0.2730** -0.001 .0075 

Year 1081 -0.2450*** -0.0024*** .7264 

Luleå  (SE1) Season -- -- -- -- 

Month 122 0.2747** -0.0153*** .3208 

Quarter 297 -0.4107*** -0.0018*** .1268 

Year 649 -0.6955*** -0.0016*** .6591 

Malmö (SE4) Season -- -- -- -- 

Month 122 4.1541*** -0.0327*** .443 

Quarter 299 3.7564*** 0.0020** .023 

Year 649 5.1647*** -0.0002 -.0002 

Oslo (NO1) Season 278 0.0286** -0.0005*** .1677 

Month 67 0.1567 0.0035 -.0006 

Quarter 284 0.3056*** 0.0025*** .1822 

Year 1081 0.7380*** -0.0005*** .0984 

Stockholm (SE/SE3) Season 278 0.4848*** 0.0003* .0191 

Month 122 0.7610*** -0.0138*** .2977 
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Quarter 301 -0.0182 -0.0028*** .1423 

Year 1081 -0.3582*** -0.0008*** .16 

Sundsvall (SE2) Season -- -- -- -- 

Month 122 0.3492** -0.0160*** .3332 

Quarter 297 -0.3661*** -0.0015*** .0933 

Year 649 -0.4009*** -0.0020*** .6185 

Tallinn (EE) Season -- -- -- -- 

Month 65 0.417 -0.0686 .0865 

Quarter 210 -3.1984*** 0.0039* .0321 

Year 20 0.4481 -0.0444*** .4415 

Tromsø  (NO3/NO4) Season -- -- -- -- 

Month 67 -0.0134 -0.0052 .0634 

Quarter 279 -0.2908*** -0.0012*** .1552 

Year 649 -0.5756*** 0.0002*** .0148 

Figure 8 plots the relationship between the average forward risk premia and time-to-maturity for monthly17 EPAD 

contracts for the bidding areas Åahus (DK1), Copenhagen (DK2), Helsinki (FI), and Stockholm (SE3). Typical yearly, 

quarterly, and monthly EPAD are traded approximately 3 years, 3 quarters, and 3 months prior to maturity, 

respectively. We zoom closer into the final 60-day trading period prior to contracts’ maturity and highlight the 

following two observations. First, Helsinki and Stockholm bidding areas do follow Benth’s et al. (2008) theory, which 

predicts decreasing market risk premium with increasing time-to-maturity. This holds true for all contract maturities 

in the two bidding areas. The risk premia initially start in negative values, which implies that producers’ hedging needs 

are stronger than the hedging needs of consumers. This relationship shifts approximately 30 days prior to maturity, 

when the risk premia start taking positive values and on average stay that way until the maturity. 

Figure 8. Average risk premia and time-to-maturity for monthly EPAD contracts with delivery between 2006-2013 

for bidding areas Åahus (DK1), Copenhagen (DK2), Helsinki (FI), and Stockholm (SE3) (Double Column Figure) 

17 We have studied and plotted the negative relationship of forward risk premia and time-to-maturity also for the remaining two 

contract maturities (quarterly and monthly) with identical results. We do not duplicate the same results here for the sake of 

conciseness. The results are available from the corresponding author upon request. 
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The second observation relates to data from Copenhagen (DK2) and Århus (DK1). As the Figures 8 shows, the risk 

premia in DK1 and DK2 never take on average a negative value in neither of the three contract maturities. The 

persistently positive risk premia in EPAD in the two bidding areas imply, that the hedging needs of consumers always 

outweigh the hedging needs of the producers. This result is not predicted by the discussed market risk premia theory, 

which would imply shifts in the hedging pressures during different trading periods. Therefore, in addition to time-to-

maturity, market power, and market price of risk, further factors impact the behaviour of risk premia during the trading 

interval. In the case of Denmark, it may be the volatility in electricity supply, which originates in one third from wind 

power. Due to the harder predictability of wind power production, the area spot prices in Århus and Copenhagen are 

the most volatile from all the studied bidding areas, having a mean standard deviation of 17,2 and 19,6 during the 

studied 2000-2013 period, respectively. This production risk seems to be priced in the Danish EPAD contracts, 

allowing producers to systematically exert pressure on consumers and thus keep the risk premia in positive levels over 

the trading period.   

 

5 Conclusions and policy implications 

In the increasingly intertwined European electricity markets coherent understanding of the transmission risk hedging 

tools is essential for achieving greater market efficiency. This study synthesized the theory and practice behind the 

current long-term transmission rights in the Nordic electricity market. Together with financial transmission rights 

(FTR), electricity price area differentials (EPAD) represent the main tools market participants use against the 

uncertainty of the locational electricity spot prices in day-ahead markets. In order to develop a common theoretical 

and practical understanding, this study has opened up the mechanics behind EPAD and showed examples of market 

results for hedgers and speculators on illustrative cases. The study has touched upon the liquidity problem of EPAD, 

nonetheless final answer which would identify whether the issue stems from the lack of EPAD supply, demand, or 

both cannot be directly derived. However, the apparent solutions to improve EPAD liquidity reside in education of 

market participants about the product’s benefits, and reduction of transaction costs, fees, and market complexity. 

Especially the regulatory burden presents an overwhelming entry barrier for a newcomer, who has to comprehend and 

comply with multitude of regulations, such as REMIT, EMIR, EMIR II, MIFID, MIFID II, MIFIR, MAD, and MAR.  

Due to the theoretical and empirical gaps, we have focused specifically on the forward risk premia, which we defined 

ex-post as a systematic difference between today’s forward price and the future spot price expected at delivery. The 

importance of forward risk premia stems from their implications on the underlying behaviour of market participants 

who express their willingness to accept discounts or pay premia for reducing risk during different trading periods. 

Forward risk premia have direct impacts on the hedging costs and reveal information on the dominant side of the 

hedging pressure, i.e. suppliers or consumers. This study has brought new empirical evidence on the significance, 

direction, and magnitude of forward risk premia in EPAD for five Nordic and Baltic countries over the period 2001-

2013. The longitudinal nature of this research has provided an empirical validation for previous studies, which defined 

characteristics of forward risk premia on a more limited geographical and time samples. Additionally, our 
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methodology has improved the forecast precision by utilizing daily frequency data, in comparison to earlier studies 

that relied on monthly averages. 

We have shown only a partial corroboration for the forward risk premium theory which predicts a negative relationship 

between forward risk premia and time-to-maturity in electricity markets. The general support for the theory is refuted 

by the findings for the case of Denmark, where systematically positive forward risk premia were observed over the 

trading periods of all EPAD maturities. This finding calls for further theoretical research on forward risk premia, 

which would consider in addition to the currently proposed factors, namely market power and market price of risk, 

also the supply risks. With the rapid growth of renewables in the national energy mixes, the security and reliability of 

supply will play an increasing role, also for the derivatives markets. Given the 20-25 years construction time of new 

cross-border interconnectors, policy makers should bear in mind also the impacts on the hedging costs the construction 

delays exert. 

We acknowledge that the presented nature of forward risk premia in EPAD may be specific to the Nordic electricity 

market. Nonetheless, EPAD is still one of the two main long-term transmission right mechanisms developed in 

electricity markets around the world. We deem important to learn from the price dynamics, design issues, and 

limitations of EPAD in order to improve the efficiency of the European and international electricity markets. The ex-

post methodology which assumes perfect information and foresight has also its theoretical and practical limitations, 

so alternative approaches for capturing forward risk premia should be considered. 

 Further research should transparently scrutinize the benefits and limitations of FTR and EPAD, find out whether they 

are substitute or complementary products, and quantify the impacts of their deployment on the main stakeholders. 

Also, the market power discussion in derivatives markets should intensify, for instance by asking whether power 

generators can increase spot price volatility and thus demand a higher forward risk premia.  
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8 Appendix 

Table 4 Formulas applied in the illustrative scenario 

Period   Variable Formula 

T-2 Futures system price 𝐹𝑡,𝑇

T-2 EPAD closing price 𝐸𝑃𝐴𝐷𝑡,𝑇

T-1 Average area price during delivery 
∑ (𝑃ℎ

𝐴𝑟𝑒𝑎)
𝑇2
ℎ=𝑇1

𝑇2 − 𝑇1

T-1 Average system price during delivery 
∑ (𝑃ℎ

𝑆𝑦𝑠𝑡𝑒𝑚
)

𝑇2
ℎ=𝑇1

𝑇2 − 𝑇1

T-1 Price difference in production/consumption area 
1

𝑇2 − 𝑇1

∑ (𝑃ℎ
𝐴𝑟𝑒𝑎 − 𝑃ℎ

𝑆𝑦𝑠𝑡𝑒𝑚
)

𝑇2

ℎ=𝑇1

T EPAD profit & loss 𝐸𝑃𝐴𝐷𝑡,𝑇 − (
1

𝑇2−𝑇1
∑ (𝑃ℎ

𝐴𝑟𝑒𝑎 − 𝑃ℎ
𝑆𝑦𝑠𝑡𝑒𝑚

)
𝑇2
ℎ=𝑇1

) 

T System futures profit & loss 𝐹𝑡,𝑇 −  
∑ (𝑃ℎ

𝑆𝑦𝑠𝑡𝑒𝑚
)

𝑇2
ℎ=𝑇1

𝑇2 − 𝑇1

Table 5 Market outcomes for generators selling system futures and selling EPAD in production location 

Period Action: Sell futures, sell EPAD Abbrev. FI SE3 NO1 

T-2 System futures price, sell FutSell 34,50 34,50 34,50 

T-2 EPAD closing price in production location, sell sellEPADpl 9,90 1,50 -2,50 

T-1 Average area price during delivery APto 42,02 36,19 29,62 

T-1 Average system price during delivery SYS 32,75 32,75 32,75 

T-1 Price difference in production location (APpl - SYS) PDpl 9,27 3,44 -3,13 

T EPAD profit & loss EPADdiff 0,63 -1,94 0,63 

T System futures profit & loss FutDiff 1,75 1,75 1,75 

T Total Profit & loss P&L 2,38 -0,19 2,38 

Profit (FutSell - SYS) + (sellEPADpl – PDpl) > 0 

Loss (FutSell - SYS) + (sellEPADpl – PDpl) < 0 

Table 6 Market outcomes for retailors buying system futures and buying EPAD in consumption location 

Period Action: Buy system futures, buy EPAD Abbrev. FI SE3 NO1 

T-2 T-2, System futures price, buy FutBuy 34,50 34,50 34,50 

T-2 T-2, EPAD closing price in consumption location, buy buyEPADcl 9,90 1,50 -2,50 

T-1 T-1, Avg. area price during delivery APcl 42,02 36,19 29,62 

T-1 T-1, Avg. system price during delivery SYS 32,75 32,75 32,75 

T-1 T-1, Price difference in consumption location (APcl - SYS) PDcl 9,27 3,44 -3,13 

T T, EPAD profit & loss EPADdiff -0,63 1,94 -0,63 

T T, System futures profit & loss FutDiff -1,75 -1,75 -1,75 

T T, Total Profit & loss P&L -2,38 0,19 -2,38 

Profit (SYS - FutBuy) + (PDcl - buyEPADcl) > 0 

Loss (SYS - FutBuy) + (PDcl - buyEPADcl) < 0 
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Table 7 Market outcomes for traders (speculators) selling EPAD in trade origin and buying EPAD in trade destination 

Peri

od 

Action: sell EPAD in trade origin, buy 

EPAD in trade destination 
Abbrev. 

FI>SE

3 

SE3>F

I 

SE3>NO

1 

NO1>SE

3 

T-2 EPAD closing price in trade origin (TO), sell 
sellEPADt

o 
9,90 1,50 1,50 -2,50 

T-2 
EPAD closing price in trade destination (TD), 

buy 

buyEPAD

td 
1,50 9,90 -2,50 1,50 

T-1 Avg. area price TO during delivery APto 42,02 36,19 36,19 29,62 

T-1 Avg. area price TD during delivery APtd 36,19 42,02 29,62 36,19 

T-1 Avg. system price during delivery SYS 32,75 32,75 32,75 32,75 

T-1 Price Difference in TO (APto-SYS) PDto 9,27 3,44 3,44 -3,13 

T-1 Price Difference in TD (APtd-SYS) PDtd 3,44 9,27 -3,13 3,44 

T EPAD, TO, profit & loss EPADto 0,63 -1,94 -1,94 0,63 

T EPAD, TD, profit & loss EPADtd 1,94 -0,63 -0,63 1,94 

T T, EPAD profit & loss EPADdiff 2,57 -2,57 -2,57 2,57 

Profit 
(sellEPADto – PDto) + (PDtd – buyEPADtd) > 0 => 

EPADto + EPADtd > 0 

Loss 
(sellEPADto – PDto) + (PDtd – buyEPADtd) < 0 =>  

EPADto+EPADtd < 0 



Publication IV 

Spodniak, P. 
Informational Efficiency on the Nordic Electricity Market – the Case of European 

Price Area Differentials (EPAD)  

Reprinted with permission from 
12th International Conference on the European Energy Market (EEM). 

Lisbon, pp.1-5 
© 2015, IEEE 

DOI: 10.1109/EEM.2015.7216749 





1 

Informational Efficiency on the Nordic Electricity

Market – the Case of European Price Area

Differentials (EPAD) 
Petr Spodniak 

Laboratory of Electricity Market and Power Systems 

LUT School of Energy Systems & LUT School of Business and Management 

Lappeenranta, Finland 

petr.spodniak@lut.fi 

Abstract—This paper empirically studies the informational 

efficiency of price discovery process of area price risk realized on 

the Nordic electricity spot and futures markets. The financial 

contracts enabling risk management of basis/area risk are called 

electricity price area differentials (EPAD). We study how the 

underlying commodity, area price difference (area price minus 

system price), reacts to new information on spot (Elspot) and 

futures (Nasdaq OMX) markets. We evaluate what are the short-

run and long-run dynamics between the two markets, and 

whether either of the two is more informationally efficient. The 

results provide electricity market stakeholders with implications 

on whether EPAD contracts provide adequate and valid pricing 

signals for the underling area price risk.   

Index Terms—econometrics, finance, knowledge discovery 

I. INTRODUCTION 

Despite the assumption of a single Nordic electricity 
market, area prices among the bidding zones significantly differ 
[1]. Among others, the local electricity price directly impacts 
the production costs and thus competitiveness especially of 
high energy intensive industries. Power market participants 
manage the locational price risk, among others, by trading 
European price area differentials (EPAD) - contracts which 
hedge the price difference between a bidding area (local price) 
and the Nordic system price (reference price).  Therefore, the 
contracts’ adequate price and trading strategies are critical 
factors for successful risk management. Furthermore, while the 
efficiency of physical wholesale market receives thorough 
theoretical and empirical attention from regulators, competition 
authorities, and researchers, the mark-ups in financial market 
attract much less attention. 

This paper takes area price differences (area price minus 
system price) as the underlying asset and empirically studies its 
price discovery process on spot and futures markets on a data 
sample 2011-2013. We study how prices react to new 
information in short- and long-run, thus providing evidence on 
information efficiency in the individual markets. We aim to 
answer two underlying question, 1. “Are the markets, which are 
responsible for area price risk management, in a long-run 
equilibrium?”, and 2. “Do the EPAD contracts provide 
adequate pricing signals and means for area price risk 
management”? 

Methodologically, we begin by investigating the 
stationarity properties of all price series to avoid misleading 

statistical inference. We then estimate binary VAR models for 
each spot and futures price pairs and apply the Toda-Yamamoto 
procedure [2] to test whether Granger causality exists between 
the two markets. Hypothesis of simultaneous information 
processing [3] holds that causal relationship between spot and 
futures prices/returns does not exist. By testing for Granger 
causality, we evaluate whether past prices significantly aid to 
predict the future prices, which would imply violation of the 
weak-form market efficiency. The study proceeds by testing the 
long-run equilibrium between the spot and futures markets by 
Johansen cointegration analysis. The goal is to shed light on the 
long-run relationship between the markets, which gives 
implications on the general efficiency of the evaluated area 
price risk mechanism. Finally, we explore short-run adjustment 
dynamics between the spot and future markets by estimating 
vector error correction models (VECM). 

The theoretical contribution of this work resides in testing 
the weak-form market efficiency hypothesis on a market with 
non-storable good. By disentangling the dynamic relationship 
between electricity spot and futures markets, we also provide 
an empirical evidence that despite the short-run deviations the 
spot and future markets move jointly in the long-run.  

The paper is structured in the following manner.   Section II 
presents an overview of the Nordic electricity market, with a 
focus on market liquidity. Section III presents the data and 
discusses their stationarity properties. Section IV brings about 
the empirical results regarding the price discovery processes on 
spot and futures markets. The paper ends with conclusions in 
section V.  

II. MARKET OVERVIEW

The current Nordic electricity market is structured around 
two core markets –spot and financial. The spot market allows 
day-ahead (Elspot) and intra-day (Elbas) trading of power, as 
well as trading of regulating power. The financial market offers 
purely financial settlement of various types of contracts – 
futures, deferred settlement futures, options, and electricity 
price area differentials (EPAD) with individual specifications 
and time horizons up to six years. There are daily, weekly, 
monthly, quarterly, and annual contracts that are referenced to 
the system price, i.e. a price representing the equilibrium of 
aggregated supply and demand of the whole Nordic electricity 
market under condition of no transmission congestion among 
all bidding areas. The bidding areas are geographically bounded 
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areas which are connected via constrained transmission 
network, but assume no internal bottlenecks within the 
individual areas. Area prices are born when TSOs’ allocated 
transmission capacity for trading cannot accommodate local 
demand and/or supply. Hence, area prices can be understood as 
area’s marginal cost of congestion. All spot market participants 
pay and receive the area price for their transactions in respect 
to the area of their operation.  

As implied above, there are no physical or financial 
contracts traded for area prices. There are only contracts traded 
with reference to the system price, both on physical and 
financial markets. The mechanism to hedge and manage the 
transmission/basis risk associated with area prices is via trading 
the electricity price area differential (EPAD) contracts. Hence, 
our underlying asset, the area price differential, is realized on 
the spot market as area pricea,t – system pricet, and on the 
financial market as the expectation of the area price difference 
for period t+n in area a (EPADa, t+n).  

A. Liquidity  

The areas considered in this study strongly differ with 
respect to EPAD liquidity. For instance, the trading volumes of 
all EPAD contracts with delivery in 2013 were the highest in 
Stockholm and Helsinki, taking 37% and 34% of the total 
traded volume in that year, respectively. Two representative 
measures of liquidity are relevant here, 1. Churn rate and, 2. 
Open interest. The former is defined as a ratio between the 
volume of all trades in all timeframes executed in a given 
market and its total demand [4]. The latter represents a number 
of open contracts which have not yet been liquidated either by 
an offsetting trade or an exercise or assignment [5]. In addition, 
bid-ask spread may also be considered as a direct measure of 
liquidity with more pronounced effects on transaction costs for 
the market participants. 

In TABLE I. we construct a modified churn rate based on 
the ratio of EPAD volume traded (GWh) and electricity 
consumption (GWh). It can be understood as a number showing 
how many times a megawatt hour is traded before it is delivered 
to the final consumer. Typically, liquid markets in Europe reach 
churn rates of 3 to 8,5. EPAD trading is only a fraction of the 
total energy derivative market, but we still receive a clear signal 
of where the EPAD market is more liquid (DK, SE) and less 
liquid (NO, EE). Another representation is in Fig.1, which plots 
the aggregated volumes (TWh) irrespective of local demand. 
According to Fig.1, the Danish bidding areas (CPH, ARH) 
seem minor compared to the volumes of Stockholm (STO) and 
Helsinki (HEL). However, when put into the context of local 
consumption, the market is much more liquid in Denmark. This 
is mainly due to the fact that especially Arhus has a very large 
wind production capacity, which affects area price volatility, 
placing higher hedging pressures on market players in such 
areas. This fact is visible on the standard deviation values in 
TABLE III. which show that volatility in Arhus or Copenhagen 
is almost three times larger compared to Oslo, for instance.    

 
 
 

TABLE I.  ELECTRICITY CONSUMPTION, EPAD  VOLUME TRADED, AND 

CHURN RATE 

  Area 2010 2011 2012 2013 

E
le

ct
ri

ci
ty

 

co
n
su

m
p
ti

o
n
 

(G
W

h
)*

 

DK 35640 34458 34268 32350 

EE 8011 7827 8138 8049 

FI 87467 84244 85125 84044 

NO 129792 122020 127863 127843 

SE 147090 139222 141996 139576 

E
P

A
D

 v
o
lu

m
e 

tr
a
d
ed

 

(G
W

h
)*

*
 DK 26634 29534 22325 20111 

EE    93 

FI 39259 43250 47942 42106 

NO 3930 4253 2981 2685 

SE 102055 89054 84293 58995 

C
h
u
rn

 r
a
te

 DK 0,75 0,86 0,65 0,62 

EE    0,01 

FI 0,45 0,51 0,56 0,50 

NO 0,03 0,03 0,02 0,02 

SE 0,69 0,64 0,59 0,42 
*Data provided by Entso-E 
** Country-wide EPAD volumes are constructed by summing up the volumes traded in 
individual areas according to year of delivery. This is Stockholm, Sundsvall, Malmö, and 
Luleå for Sweden, Helsinki for Finland, Copenhagen and Arhus for Denmark, and Oslo and 
Tromsø for Norway.  
 

 

Figure 1.  Traded volume (TWh) of all EPAD contract categories according 
to the year of delivery 

III. DATA 

A. Sample describtion 

The financial data originates from Nasdaq OMX 
Commodities, while the spot market data originates from Nord 
Pool Spot. The empirical part of this study concentrates only on 
monthly EPAD contracts for two reasons: 1) monthly EPAD 
have the highest price variability due to short delivery period, 
which aids market players to lower forecasting errors; 2. 
monthly EPAD belong to the most liquid contract types, what 
generally implies higher efficiency in transaction costs, price 
discovery process, and speed of adjustment to fundamental 
information.  

In general, there are two to four overlapping contracts 
traded in the same category at the same time. Due to this reason, 
we consider only the front month EPAD prices in the following 
econometric models, meaning only the contract for delivery in 
next month. Also, the data considers jointly exchange-based 
(order book) and OTC (off-order book) trades. We focus on the 
period after Sweden separated from a single into four bidding 
areas in November 2011 to avoid inclusion of possible 
structural break, which could weaken the robustness of 
statistical tests. The sample for the econometric analysis is 
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therefore 1.11.2011-30.5.2013 and includes 394 observations, 
which imply the number of trading days in this period. Areas 
studied in the analysis are Århus (DK1), Copenhagen (DK2), 
Finland (FI), Oslo (NO1), Tromsø (NO3), Luleå (SE1), 
Sundsvall (SE2), Stockholm (SE3), and Malmö (SE4). During 
the cross-validation of our results obtained from Granger 
causality and cointegration tests (see sections IV.A and IV.B), 
we found conflicting results for Norway (NO1, NO3) and 
attributed these to a problem of too small sample size, instead 
of error in specification.  Hence, we enlarged the sample for 
Norway to 3.1.2011-30.5.2013, which includes 604 
observations. 

B.  Stationarity and data properties 

To avoid spurious statistical inferences, we study the 
stationarity properties of daily area spot price differences 
(DSPOT) and EPAD monthly prices (MF) by Augmented 
Dickey Fuller (ADF), Phillips-Perron test (PP), and the 
stationarity test of Kwiatkowski–Phillips–Schmidt–Shin 
(KPSS). The unit root tests, ADF and PP, hold the null 
hypothesis that a time series yt is I(1), while the stationarity test, 
KPSS, holds the null of I(0). We allow for intercept and trend 
in each series when testing for unit roots.  

TABLE II.  UNIT ROOT TESTS ON DAILY PRICE LEVELS 

Series ADF. PP. KPSS Obs. 

 Prob. Lag   Prob. Bandwidth LM-Stat  

DK1_DSPOT 0,069 4 0,000 11.0 0,439*** 394 

DK1_MF 0,736 0 0,760 4.0 0,446*** 394 

DK2_DSPOT 0,080 4 0,000 11.0 0,396*** 394 

DK2_MF 0,705 0 0,693 4.0 0,418*** 394 

FI_DSPOT 0,003 1 0,000 10.0 0,295*** 394 

FI_MF 0,521 0 0,558 2.0 0,393*** 394 

NO1_DSPOT 0,000 2 0,000 13.0 0,256*** 604 

NO1_MF 0,311 2 0,217 17.0 0,493*** 604 

NO3_DSPOT 0,000 6 0,000 14.0 0,073 604 

NO3_MF 0,076 3 0,000 6.0 0,321*** 604 

SE1_DSPOT 0,000 0 0,000 12.0 0,215** 394 

SE1_MF 0,085 0 0,186 5.0 0,195** 394 

SE2_DSPOT 0,000 0 0,000 12.0 0,212** 394 

SE2_MF 0,085 1 0,078 5.0 0,192** 394 

SE3_DSPOT 0,000 2 0,000 5.0 0,120* 394 

SE3_MF 0,022 0 0,022 0.0 0,137* 394 

SE4_DSPOT 0,000 0 0,000 12.0 0,142* 394 

SE4_MF 0,304 1 0,304  4.0 0,191** 394 

***, **,* significant at 1%, 5%, and 10% level, respectively, based on asymptotic critical 
values 

The results of unit root and stationarity tests in TABLE II. 
do not provide definite answer on data stationarity and the order 
of integration. Nevertheless, most of the tests suggest presence 
of unit root I(1), which is confirmed by significance (resp. non-
significance) of ADF, PP (KPSS) tests after taking the first 
differences. We consider these facts when estimating VAR and 
VEC models as well as when testing for Granger-causalities in 
the following sections. 

In addition, we provide descriptive statistics of daily closing 
prices (DSPOT, MF) in TABLE III., which exhibit large 
kurtosis (“peakedness”), as well as positive skewness 
(infrequent price spikes), both more pronounced in spot prices. 
As expected, the standard deviation (volatility) is always much 
lower in futures series than in spot series. This is due to the 
technical and physical phenomena impacting spot prices, such 

                                                           
1 The white noise assumption is tested by residual serial correlation LM tests 

and Portmanteau tests for residual autocorrelations. 

as weather, transmission line failures, transmission congestion, 
and power plant maintenance.  

TABLE III.  DESCRIPTIVE STATISTICS OF DAILY PRICE LEVELS 

Area Mean Median Max Min S.D. Skew Kurt 

DK1_DSPOT 4,53 1,39 30,35 -23,61 8,21 0,71 3,81 

DK1_MF 5,39 5,12 18,98 -3,75 5,28 0,28 2,02 

DK2_DSPOT 6,07 3,33 31,66 -11,32 8,21 0,80 2,80 

DK2_MF 7,18 7,95 19,33 -2,00 5,24 -0,03 1,95 

FI_DSPOT 4,43 1,63 35,91 -7,38 6,76 1,82 6,53 

FI_MF 5,74 5,00 18,70 -0,08 4,25 1,01 3,46 

NO1_DSPOT -1,27 -0,52 8,71 -14,94 2,74 -1,50 7,14 

NO1_MF -1,31 -1,50 1,75 -6,50 1,34 -0,04 3,73 

NO3_DSPOT -0,40 -0,27 16,90 -15,72 2,22 0,73 21,84 

NO3_MF -0,37 -0,40 0,50 -1,25 0,39 0,28 3,01 

SE1_DSPOT 0,27 -0,15 16,90 -15,29 2,56 1,46 15,28 

SE1_MF 0,04 0,00 2,90 -1,98 0,67 0,32 3,22 

SE2_DSPOT 0,33 -0,11 16,90 -15,29 2,55 1,44 15,53 

SE2_MF 0,06 0,00 2,90 -1,95 0,72 0,45 3,03 

SE3_DSPOT 0,99 -0,05 16,90 -7,38 3,24 2,45 10,27 

SE3_MF 2,36 2,15 7,50 -0,30 1,75 0,67 2,85 

SE4_DSPOT 3,16 0,43 25,75 -7,38 5,74 1,65 5,08 

SE4_MF 5,01 5,28 13,10 -0,10 3,15 0,20 2,36 

Note: sample 1.11.2011-30.5.2013 

IV. PRICE DISCOVERY PROCESS 

In this section, we aim to shed light on three price discovery 
processes underlying the spot and future markets, 1) Granger 
causality between the two, 2) long-run equilibrium,  and 3) 
short-run adjustment dynamics.  

In order to find out whether area price differences realized 
on the spot and futures markets are unpredictable and processed 
simultaneously by the market participants, we follow a 
procedure suggested by Toda and Yamamoto [2] and estimate 
Granger-causality. We first set up a two-equation VAR model 
in the levels of data where each price series is treated 
symmetrically as an endogenous variable whose value is 
determined by current and past prices. We do not difference the 
data because the main purpose of our VAR is (linear) causality 
testing according to Toda and Yamamoto (1995) procedure. 

We model each price pair, i.e. area spot price differences 
(DSPOT) and monthly futures (MF), independently for 
individual bidding areas. To specify each model we test the 
appropriate lag lengths that make the observed error μ̂it white 
noise.1 Lag lengths of each bivariate VAR model were chosen 
based on lag length criteria tests (AIC, SC, HQ), residual tests, 
exclusion of jointly insignificant lag lengths based on Wald 
tests, and model’s overall minimization of Akaike Information 
Criteria (AIC). All VARs are stable as all inverse roots lie 
within the unit circle, satisfying the stability criterion. The 
linear interdependency between the two endogenous variables 
(DSPOT and MF) for individual bidding areas is expressed by 
the following vector autoregressive model:  

𝑥𝑡 = 𝑐1 + ∑ 𝜑1𝑖𝑥𝑡−𝑖

𝑘

𝑖=1

+ ∑ 𝜓1𝑖𝑦𝑡−𝑖 + 𝜇1𝑡 

𝑘

𝑖=1

 

𝑦𝑡 = 𝑐2 + ∑ 𝜑2𝑖𝑥𝑡−𝑖

𝑘

𝑖=1

+ ∑ 𝜓2𝑖𝑦𝑡−𝑖 + 𝜇2𝑡 

𝑘

𝑖=1

 

Where xt represents the daily average difference of area and 
system price on the spot market at period t. The daily closing 

(1) 
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price of front month EPAD is expressed by yt. Coefficients of 
lagged spot price differences and future prices are 𝜑 and 𝜓, 
respectively. The number of lags on xt and yt is expressed by k. 
The error terms 𝜇 𝑖 are multivariate white noise (i.i.d.) 
following multivariate normal distribution ∈  ~ 𝑁𝑚  (0, 𝛴𝜖). 
The summary of VAR models estimations and specifications is 
presented in TABLE IV.   

TABLE IV.  SUMMARY OF ESTIMATED VAR MODELS 

Area k AIC S.E. R2 Area k AIC S.E. R2 

DK1 1 8,28   DK2 1 8,16   

 DSPOT 6,14 5,21 0,60  DSPOT 6,15 5,21 0,60 

 MF 2,14 0,70 0,98  MF 2,04 0,66 0,98 

FI 2 8,03   NO1 4 5,39   

 DSPOT 5,50 3,77 0,69  DSPOT 3,98 1,76 0,65 

 MF 2,53 0,85 0,96  MF 1,44 0,49 0,96 

NO3 7 3,19   SE1 2 4,14   

 DSPOT 4,14 1,90 0,34  DSPOT 4,38 2,15 0,31 

 MF -0,95 0,15 0,83  MF -0,31 0,21 0,91 

SE2 2 4,20   SE3 3    

 DSPOT 4,42 2,19 0,27  DSPOT 4,73 2,55 0,39 

 MF -0,22 0,22 0,91  MF 1,23 0,44 0,94 

SE4 1 6,55   
Note: There are 394 observations in each 

series. 
 DSPOT 5,58 3,72 0,54 

 MF 1,03 0,40 0,98 

Note: sample 1.11.2011-30.5.2013 (394 observations) for all areas but NO1 and NO3, 
which are estimated for period 3.1.2011-30.5.2013(604 observations) 

A. Linear dynamics – Granger causality 

After VAR specification, we can move towards testing for 
linear causality relationship between spot and futures prices of 
the underlying asset, the area price difference. Let n be the 
maximum order of integration in the spot and futures price 
series grouped by the bidding areas. We follow the Toda and 
Yamamoto procedure and include additional n lags of each of 
the variables into each of the VAR equations specified above. 
The reason is to correct the asymptotic chi-square distribution 
used in Wald test statistic, which would be otherwise violated 
given the non-stationarity of some of our data.  

Process Xt is said to Granger-cause Yt if Yt can be better 
predicted using the histories of both Xt and Yt than it can by 
using the history of Yt alone. Therefore, according to equation 
(1) we test whether 𝜓1𝑖 in xt and 𝜑2𝑖 in yt are equal to zero. The 
results obtained from Granger causality test are presented in 
TABLE V.  The discovery of significant relationship between 
spot and future prices in one or both directions casts doubt on 
the simultaneous information processing assumed by the weak 
form market efficiency hypothesis [3].  We find a significant 
unidirectional relationship in the Norwegian bidding areas 
(NO1, NO3) in the direction from spot to futures markets. This 
is somehow an intuitive result for the electricity market, which 
is greatly affected by the technological and environmental 
conditions directly impacting the spot prices, e.g. transmission 
line capacities and their faults, entry of new power generation 
or temporary shut downs of existing ones, CO2 prices, 
precipitation, or wind speeds. 

However, in most bidding areas we find the opposite 
significant relationship where futures prices help to explain the 
spot price2. This is the case in DK1, DK2, FI, SE3, and SE4, 
giving implication that the futures market seems to be 
processing information more efficiently than the spot market. 
This result can be interpreted as past monthly EPAD prices 
realized on the futures market have significant explanatory 

                                                           
2 See [7] for similar results found in the context of European gas hubs. 

power for the next day’s area price difference realized on the 
spot market. This implies, that futures market is more 
information efficient that the spot market. However, variance 
decomposition reveals rather limited strength of this 
explanatory relationship in terms of magnitude (see also [6]). 
Significant bidirectional relationship in SE1 and SE2 implies 
no superiority of either market. The results of Granger causality 
test are presented in TABLE V.  

TABLE V.  VAR GRANGER CAUSALITY TEST FOR SPOT (DSPOT) AND 

FUTURES (MF) MARKETS 

Direction Chi-sq Direction Chi-sq 

DK1 DSPOT on DK1 MF 0,00 DK2 DSPOT on DK2 MF 1,05 

DK1 MF on DK1 DSPOT 4,88** DK2 MF on DK2 DSPOT 3,80* 

FI DSPOT on FI MF 0,54 NO1 DSPOT on NO1 MF 10,21** 

FI MF on FI DSPOT 4,76* NO1 MF on NO1 DSPOT 1,17 

NO3 DSPOT on NO3 MF 13,49** SE1 DSPOT on SE1 MF 8,67** 

NO3 MF on NO3 DSPOT 3,42 SE1 MF on SE1 DSPOT 48,97*** 

SE2 DSPOT on SE2 MF 8,87** SE3 DSPOT on SE3 MF 2,44 

SE2 MF on SE2 DSPOT 67,88*** SE3 MF on SE3 DSPOT 9,69** 

SE4 DSPOT on SE4 MF 0,77 Note: ***, **,* significant at 1%, 5%, and 
10% level, respectively. SE4 MF on SE4 DSPOT 4,91** 

Note: sample 1.11.2011-30.5.2013 (394 observations) for all areas but NO1 and NO3, 
which are estimated for period 3.1.2011-30.5.2013(604 observations) 

B. Long-run equilibrium – cointegration analysis 

To test whether the spot and futures price series share long-
run equilibrium, we apply Johansen cointegration test on the 
price pairs that share the same order of integration 𝑛 ≥ 1. The 
cointegration concept [8], states that two or more time series 
originally non-stationary 𝑛 ≥ 1 share a stable long-run 
equilibrium if their linear combination integrated of the order n 
– 1 is stationary. By testing for possible cointegration of spot 
and future prices we further obtain a cross-check on the validity 
of our results from Granger causality test. This is, if we find a 
cointegration relationship but no Granger causality in neither 
direction for a price pair, our sample may be too small or we 
face a specification error in the model. 

As pointed out in the discussion on stationarity in section 
III.B, the strongest evidence of 𝑛 ≥ 1 was found for pairs in 
the Danish bidding areas (DK1, DK1). Nevertheless, at least 
according to KPSS stationarity test, all pairs are non-stationary 
at 10% significance level, and I(1) as confirmed by testing for 
unit root in first differences. Given this detail, we proceed and 
perform Johansen cointegration test on all pairs in the bidding 
areas, while allowing for intercept and trend in cointegrating 
equation (no intercept in VAR). 

Johansen cointegration test holds the null hypothesis of no 
cointegrating relationship being present between spot and 
future prices. If we let r to be the number of cointegrating 
relationships, and n the order of integration between two time 
series, we test whether r = n-1 = 0 is significant. According to 
the results in TABLE VI. we reject the null for all bidding areas, 
which confirms the presence of cointegrating relationship. This 
result firstly provides a cross-validation on the earlier findings 
about Granger-causality. This is, we do not find a contradictory 
result of cointegration but no Granger-causality. Secondly, we 
prove that long-run equilibrium between spot and future 
markets exists in the Nordic electricity market, as illustrated on 
the case of electricity price area differential contracts.   



5 

TABLE VI.  JOHANSEN COINTEGRATION TEST 

Hypothesis Eigenvalue Trace Statistic Critical Value (95%) Prob. 

DK1 r = 0 0,239 110,90 25,87 0,00 

DK1 r ≤ 1 0,008 3,23 12,52 0,85 

DK2 r = 0 0,213 97,98 25,87 0,00 

DK2 r ≤ 1 0,009 3,40 12,52  0,83 

NO1 r = 0 0,09 67,89 25,87 0,00 

NO1 r ≤ 1 0,01 8,04 12,52 0,25 

FI r = 0 0,065 30,32 25,87 0,01 

FI r ≤ 1 0,01 4,05 12,52 0,74 

SE1 r = 0 0,246 119,36 25,87 0,00 

SE1 r ≤ 1 0,021 8,187 12,52 0,24 

SE2 r = 0 0,536 312,40 25,87 0,00 

SE2 r ≤ 1 0,025 9,826 12,52 0,14 

NO3 r = 0 0,092 68,98 25,87 0,00 

NO3 r ≤ 1 0,017 10,62 12,52 0,10 

SE3 r = 0 0,106 55,045 25,87 0,00 

SE3 r ≤ 1 0,028 11,061 12,52 0,09 

SE4 r = 0 0,298 145,74 25,87 0,00 

SE4 r ≤ 1 0,017 6,574 12,52 0,39 

Note: sample 1.11.2011-30.5.2013 (394 observations) for all areas but NO1 and NO3, 
which are estimated for period 3.1.2011-30.5.2013(604 observations) 

C. Short-run equilibrium  

Showing that our series non-stationary and cointegrated, we 
may restrict the above VAR models used for causality testing 
and estimate vector error correction (VEC) models. We do this 
because we aim to observe the short-run adjustment dynamics 
(error correction) of spot and future prices, i.e. how quickly the 
prices adjust to their long-run equilibrium. In a two variable 
system example (equation 2), the adjustment parameter α is of 
central interest here, because it measures the speed of 
adjustment of endogenous variables before they return back to 
their cointegrating relationship β. In general, the greater the 
absolute value of α, the quicker and more informational 
efficient the market participants are to equalize the misbalance.  

(2) 

The non-significance and small coefficient values of α MF 
in TABLE VII suggest that monthly EPAD do not effectively 
respond to short-term deviations from long-run equilibria. 
Instead, all adjustment takes place on the spot markets. 
Norwegian areas NO1 and NO3 seem to be exceptions, where 
significant but minor correction takes place on both spot and 
futures markets. 

TABLE VII.  ERROR CORRECTION COEFFICIENTS (𝛼) AND COINTEGRATION 

VECTORS(𝛽) 
Area α DSPOT α MF β 

DK1 

-0,508(0,052) 

[-9,774]*** 

2,82E-05(0,007) 

[-0,004] 

-1,093 (0,098) 

[-11,124]*** 

DK2 

-0,452(0,051) 

[-8,861]*** 

0,006(0,006) 

[0,968] 

-1,07(0,11) 

[-9,974]*** 

FI 

-0,190 (0.0379) 

[-5,0186]*** 

0,009(0,009) 

[ 0,991] 

-0,962(0,23) 

[-4,159]*** 

NO1 

-0,192(0,039) 

[-4,996]*** 

0,0357(0,011) 

[3,294]*** 

-0,884(0,123) 

[-7,189]*** 

NO3 

-0,420(0,041) 

[-10,215]*** 

0,007(0,003) 

[2,267]** 

-1,579(0,530) 

[-2,978]*** 

SE1 

-0,803(0,039) 

[-20,644]*** 

0,003(0,003) 

[0,728] 

-1,332(0,212) 

[-6,278]*** 

SE2 

-0,774(0,037) 

[-20,845]*** 

0,007(0,004) 

[1,856] 

-1,256(0,198) 

[-6,356]*** 

SE3 

0,364(0,054) 

[-6,69]*** 

0,013(0,010)) 

[-1,352] 

-0,445(0,204) 

[-2,184]** 

SE4 

-0,478(0,039) 

[-12,30]*** 

-0,000(0,004) 

[-0,090] 

-1,033(0,128) 

[-8,076]*** 

***, **,* significant at 1%, 5%, and 10% level, respectively; values in parenthesis ( ) 
represent standard error, and values in square brackets [ ] represent t-statistic.  

As can be also seen from the long-run cointegration β 
coefficients in TABLE VII, they are not always too close to the 
expected unity, especially SE3 (-0,445). We test the null 
hypothesis that both spot and futures market prices are 
informationally efficient resulting into full price converge in the 
long-run. Hence, we set β=1 and carry out the likelihood ratio 
(LR) test on the cointegration vector. We see from TABLE 
VIII. that the null hypothesis of long-run informational 
efficiency and full price convergence cannot be rejected for any 
area, except SE3 at 5% significance level. This implies that the 
spot and futures prices fully converge and are informationally 
efficient in the long run in all but Stockholm (SE3). The reason 
behind the long-run informational inefficiency in SE3 may be 
the recent splitting of Swedish bidding areas, change in 
liquidity, and relatively short period studied after this change.  

TABLE VIII.  LIKELIHOOD RATIO (LR) TEST ON COINTEGRATION VECTOR  
Area Chi-sq. Prob. 

DK1 0,884 0,347 

DK2 0,420 0,517 

FI 0,024 0,878 

NO1 0,697 0,404 

NO3 0,955 0,328 

SE1 2,377 0,123 

SE2 1,614 0,204 

SE3 5,754 0,016 

SE4 0,067 0,795 

V. CONCLUSSIONS 
Based on the discussion above, we may attempt to answer 

the two research questions posed in the introduction. 1) Despite 
the short-run deviations that are mainly corrected for at the spot 
markets, the market for area price risk management in the 
Nordic electricity market is in a long-run equilibrium. 
Nonetheless, Swedish bidding area SE3 is still looking for 
informational efficiency in the long-run in terms of full price 
convergence between spot and futures prices. 2) The second 
question can be answered only partially. Despite the found 
long-run cointegrated relationship between the spot and futures 
markets, this study did not evaluate the possible non-linear 
factors. Transaction costs, information asymmetry, or 
heterogeneous expectations, for instance, would impact the 
feasibility of managing the area price risk via EPAD contracts.  
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Abstract: In vein with the new energy market rules drafted in the EU this paper presents and 15 
discusses two contract types for hedging the risks connected to long-term transmission rights, the16 
financial transmission right (FTR) and the electricity price area differentials (EPAD) that are used in 17 
the Nordic markets for electricity. The possibility to replicate the FTR contracts with a combination 18 
of EPAD contracts is presented and discussed. Based on historical evidence and empirical analysis19 
of ten Nordic interconnectors and twenty bidding areas, we investigate the pricing accuracy of the 20 
replicated FTR contracts by quantifying ex-post forward risk premia. The results show that the 21 
majority of the studied FTR contain a negative risk premium, especially the monthly and the 22 
quarterly contracts. Reverse flow (unnatural) pricing was identified for two interconnectors. From23 
a theoretical policy point of view the results imply that it may be possible to continue with the 24 
EPAD-based system by using EPAD Combos in the Nordic countries even if FTR contracts would 25 
prevail elsewhere in the EU. In practice the pricing of bi-directional EPAD contracts is more 26 
complex and may not always be very efficient. The efficiency of the EPAD market structure should27 
be discussed from various points of view before accepting their status quo as a replacement for 28 
FTRs in the Nordic electricity markets.  29 

Keywords: Nordic electricity markets; financial transmission rights (FTR); electricity area price 30 
differentials (EPAD); risk management; hedging 31 

JEL: G12; G31; L94; L98 32 
33 

1. Introduction 34 
New electricity market rules, commonly called “network codes” are being drafted for the EU. 35 

The target is to create a framework that allows meeting the set 20-20-20 targets and more recently 36 
building a basis for the “Energy Union”. Transmission networks are the backbone of electricity 37 
markets that enable the sharing of resources between locations. For this reason many network codes 38 
relate to transmission networks. Network capacity is a scarce resource that often plays an important 39 
role in electricity price formation especially in cross-border electricity trade. Electricity buyers (and 40 
sellers) typically acquire transmission rights (capacity) in advance, or use financial securities to 41 
hedge their positions on the electricity markets. Different types of contracts on transmission rights, 42 
settled ahead the day-ahead and intra-day markets, are generally called “long-term” and the rights 43 
traded “long-term transmission rights” (LTRs). 44 
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The recently approved EU network code on forward capacity allocation (FCA) expects that a 45 
standard and securitized contract type called “financial transmission right” (FTR), will be used as 46 
the main vehicle on the markets for securing the distribution of long-term transmission capacity in 47 
Europe. This being the case one needs to observe that the Nordic electricity market has, since the 48 
year 2000, had its own standard securitized contract vehicle in use for the purpose of hedging 49 
bidding area price differences, the “electricity area price differential” (EPAD). There are differences 50 
between the Nordic and the Continental European electricity markets. For example, in the Nordic 51 
markets a “system price” is quoted and acts as a benchmark price for the markets (for details, see 52 
[1]). There is no similar system price in the rest of the European electricity markets, although 53 
sometimes the German PHELIX spot is dubbed as “the system price” of the Western Central Europe 54 
[2, 3].  55 
EPAD contracts are used to build a hedge for a bidding area price in relation to the system price, 56 
while an FTR contract hedges the price difference directly between two adjacent bidding areas. This 57 
also means that in order to hedge the price difference between two adjacent bidding areas with 58 
EPADs, one must use a combination of two EPAD contracts (one long and one short). Such 59 
combinations of EPADs are commonly called “EPAD Combos” [4] and they are sold separately on 60 
the same marketplace as separate EPAD contracts. Two EPAD Combos are sold for each 61 
interconnector (connection between two bidding areas) to cover the hedge “both ways”. The 62 
convention for choosing the direction of an FTR or EPAD Combo is based on the mean spot price 63 
difference between low-price and high-price areas, e.g., the producers in the low-price area with  64 
customers in the high-price areas buy a contract in the low-to-high direction, in order to limit the 65 
negative price risk exposure between the areas. Contract prices can be both negative and positive, 66 
which means that if the price is negative, buyers receive the clearing price, and when positive, the 67 
buyers pay the clearing price.  68 

EPADs and EPAD Combos are securitized purely financial contracts traded in a securities 69 
exchange, without a direct link to the transmission capacity of the interconnectors and thus also 70 
without volume caps, while the FTR contracts are connected to the physical transmission routes and 71 
capacities. EPADs and EPAD Combos are put on market by the Nasdaq OMX, while the FTR 72 
contracts are (will be) typically auctioned by the transmission system operators (TSOs) in a single 73 
allocation platform at European level [5, p. 3]. This means that the market-mechanism of the hedging 74 
products in the Nordic market and the proposed FTR market is different. 75 

Traditionally, including the Nordic markets, the TSOs receive bottleneck income that emerges 76 
due to price differences between bidding areas that are caused by congested interconnectors, see e.g. 77 
[6]. The EU regulates (Article 16.6 of Regulation (EC) No. 714/2009) the use of the revenues resulting 78 
from the congestion, which have to be used for grid development, or for lowering the transmission 79 
charges. With the FTR system, the TSO as the auctioneer redistributes the bottleneck income to FTR 80 
holders as a compensation for the area price difference. This means that challenges, such as revenue 81 
adequacy [7], financial regulation, and/or firmness risk [8] appear, and must be faced by the TSOs. 82 

Aside from the market participants´ point of view, the bottleneck income issue connected to 83 
using EPAD Combos and FTR contracts is theoretically similar. The similarity is theoretical, because 84 
in practice the efficiency of the marketplaces, in which these contracts are traded, will also play a 85 
role. The issue of market efficiency is not trivial, as generally the expectation is that the markets for 86 
EPAD Combos (and EPADs) should be as efficient as that of FTRs. It is on the very premise of 87 
efficient enough “...liquid financial markets on both side(s) of an interconnector” [9] (p.10) that the 88 
Agency for the Cooperation of Energy Regulators (ACER) has given the Nordic electricity markets 89 
an exemption from having to also implement FTR as the contract to be used. 90 

Most of the European electricity markets have mainly experimented with physical transmission 91 
rights (PTR) and explicit auctions facilitated by allocation offices for cross border electricity 92 
transmission capacities - Capacity Allocation Service Company (CASC) and Central Allocation 93 
Office (CAO). More recently, the two allocation companies merged into what is called the Joint 94 
Allocation Office (JAO) and offer also financial transmission rights options in the Central West 95 
Europe (CWE) and Central East Europe (CEE) regions. In the Nordic setting, a pioneering exception 96 
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can be found from the interface of the Nordic-Baltic markets and it is the Estonia-Latvian 97 
interconnector, where and for which FTR contracts are already being auctioned according to the 98 
FCA guidelines and harmonised allocation rules (EU HAR), see [10]. 99 

On this background, this work sets out to explore the (future) compatibility and the 100 
substitutability of the FTR contracts with EPAD contracts for hedging of transmission risk in the 101 
Nordic markets. To shed light on this issue, this work presents the structure and characteristics of 102 
the standard FTR and the EPAD contracts, and of EPAD Combos that can be used to replicate the 103 
effect of FTR contracts. The structure and the characteristics of the three LTR vehicles are shortly 104 
comparatively analysed. To illustrate the real world context, we present a historical analysis of the 105 
ex-post forward risk premia included in the replicated monthly, quarterly, and yearly FTR contracts 106 
for ten selected interconnector cases during the years 2006 – 2013, including intra-national and 107 
international interconnectors. By quantifying the ex-post forward risk premia and studying their 108 
magnitude, persistency, and direction, we shed light on the accuracy of the market to price the 109 
replicated FTRs. The paper closes with conclusions and discussion on the policy implications of the 110 
findings. Before presenting the structure of the three LTR vehicles, we take a look at the previous 111 
literature on the subject matter. 112 

1.1 Literature review 113 
There is a rather extensive literature available on electricity pricing that has a focus on the 114 

distortions on the wholesale [11, 12, 13, 14, 15, 16] and retail [17, 18] markets. Much less research 115 
attention has been devoted towards studying the impacts of transmission [19] and distribution 116 
networks [20] on electricity markets. For example, Borenstein et al. [19] find that if a transmission 117 
line capacity is small in proportion to the size of the local markets, local generators may withhold 118 
production capacity and congest the import line. Such induced congestion increases the value of 119 
local generation. This finding is relevant to the Nordic bidding area price issues. Previous research 120 
also shows how allocation of physical, or financial, transmission rights may lead to exercise of 121 
market power [21, 22, 23]. Other studies consider detailed conditions, such as auction types, bidding 122 
rules, and allocation processes, under which transmission rights mitigate or increase market power 123 
[24, 25]. 124 

The literature that studies the Nordic electricity markets and the products used for hedging 125 
within the Nordic markets is very limited. Currently available research that studies how well 126 
transmission risk hedging instruments function seems to consist of mainly industry reports [26, 27, 127 
28, 2, 29, 30, 31]. The studies available vary in methodological approach (mostly interviews and desk 128 
research) and are rich in proposing different efficiency measures for power derivatives markets, 129 
such as liquidity (churn rate, turnover, transaction volumes), transaction costs (bid-ask spreads, 130 
entry costs), product transparency (open interest), market concentration (HHI, concentration ratios), 131 
and diversity of counterparties (market makers, entry-exit activity, traders diversity).  132 

For example, a report by Redpoint Energy [27] evaluates long-term transmission rights 133 
solutions for the NorNed interconnector between the Netherlands and Kristiansand (Norway 134 
bidding area 1). The report finds lacking liquidity on both sides of the interconnector, lacking 135 
demand for cross-border hedging instrument, and general support for a more traditional contract 136 
for differences (CfD) instead of FTR. Another consulting report carried out for ACER [28] to evaluate 137 
the impacts of the FCA network code highlights the missing assessment of demand for FTRs, of the 138 
revenue adequacy and firmness risks for the TSOs, and of the questioning liquidity of FTRs and their 139 
impact on other energy derivatives. Hagman and Bjørndalen [26] compare the Nordic CfD (EPAD) 140 
to FTR and find that despite the needed improvement in EPAD liquidity, market participants see 141 
FTRs as a peripheral contract with negative impacts on liquidity in system futures. Houmøller [2] 142 
envisions that FTRs regularly auctioned by TSOs would feed liquidity to the EPAD Combo1 market, 143 
because FTRs would serve as a price reference, which is in the current system ambiguous or missing. 144 
According to the Finnish TSO [32] a portion of market participants believe that the EPAD market 145 
                                                 
1 What this study calls EPAD Combo Houmøller [2] calls Cross-border Contract for Difference (CCfD). 
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functions relatively well, but others find the EPAD market illiquid and non-transparent, because of 146 
the lacking ask (sell) side on the Finnish EPAD market. Another study [30] questions the reliability 147 
of the daily closing price of EPAD contracts as a signal about the expected price difference between 148 
an area price and the system price. The study finds, the daily closing price mechanism omits the 149 
information included in the OTC trade that represents about 75% of the total EPAD trading volume. 150 

Examples of academic research devoted to derivatives pricing of long-term transmission rights 151 
(LTRs) are limited. Among the rare exceptions are the pioneering studies by Kristiansen [7, 33] who 152 
studies the Nordic seasonal and yearly CfD (EPAD) prices and finds them to be overpriced due to a 153 
stronger presence of risk-averse buyers (hedging pressures), who accepted to pay positive risk 154 
premia. Marckhoff and Wimschulte [34] also study the pricing of CfDs and find significant risk 155 
premia, which can be sufficiently explained by the existing models for power derivatives valuation 156 
[35, 36]. Spodniak [37] tests simultaneous information processing on the spot and futures (EPAD) 157 
markets and studies long and short-run equilibria between the spot and the futures markets. The 158 
study shows that despite being in a long-run equilibrium EPAD futures and spot markets are not 159 
equally informationally efficient across different areas. The differences are explained by lacking 160 
EPAD liquidity on the one hand and by active speculation on the other. 161 

The next section of the paper introduces the structure of the three LTR vehicles in more detail. 162 

2. Introducing and comparing FTRs, EPADs, and EPAD Combos 163 
The purpose of long-term transmission rights (LTR) is to provide market participants with 164 

hedging solutions against bidding area price difference risks that are created by interconnector 165 
congestion and day-ahead congestion pricing [38]. The structures of the three LTR vehicles relevant 166 
to this research, FTRs, EPADs, and EPAD Combos are discussed next.   167 

2.1. FTR 168 
Financial transmission rights (FTRs) are financial contracts used for hedging the market price 169 

differences between two bidding areas (directly). Typically, FTRs are useful to those market 170 
participants, who are on the market either for buying from or selling to, a different bidding area than 171 
where they reside.    172 

According to ENTSO-E [39], “the financial right gives the holder the right to collect revenue 173 
generated by the amount of MW he is holding”. There are both obligation and option type FTRs: i) 174 
FTR obligation means a right entitling its holder to receive, or obliging the holder to pay a financial 175 
remuneration, based on the day-ahead market results between the two bidding areas, during a 176 
specified time period, into a specific direction [40] (p.9); ii) FTR option holder, in turn, can choose not 177 
to execute the FTR contract, if the flow is in opposite direction. In other words, the hedging position 178 
depends on the chosen product type, the route, and the direction. The overall amount of FTRs is 179 
limited to the physical transmission capacity, but additionally the “netting” of FTR obligations is 180 
also possible (selling contracts bi-directionally in both directions). Because of counter-flows a higher 181 
volume than the actual transmission capacity may be issued, so FTR obligations provide netting, but 182 
FTR options do not. 183 

In practice, FTRs are (will be) auctioned before the electricity delivery period and typically, 184 
TSOs (or single allocation platform) are those who auction the rights. In addition, bilateral trading of 185 
FTR can be possible on secondary markets. The holder of the FTR pays the auction clearing price and 186 
the possible revenue is equal to the hourly price difference between the bidding areas, during the 187 
(contracted) delivery period [39]. FTR can be auctioned, e.g., for period of a month, a quarter, or a 188 
year. 189 

If FTRs are auctioned by TSOs, their bottleneck income originating from the area price 190 
differences is redistributed to the FTR holders. Hence, firmness and counterparty risks, as well as 191 
revenue adequacy problems can arise [7]. For instance, the firmness risk arises, when a TSO auctions 192 
capacity for an FTR, but the transmission capacity becomes unavailable afterwards, for instance due 193 
to technical faults. In such cases, a price difference between the two bidding areas will most likely 194 
“take place” and needs to be compensated to the FTR holder, but because of the unavailable 195 
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transmission capacity the TSO is unable to collect any congestion rent. Such situations may cause 196 
problems. For discussion on firmness risk on the Nordic electricity markets from TSO’s perspective, 197 
see [25]. Table 1 presents a summary of the characteristics of FTR contracts. 198 

2.2 EPAD 199 
Electricity Price Area Differentials (EPADs) are purely financial contracts that can be used for 200 

hedging against the difference between a system and a bidding area price on the Nordic electricity 201 
markets. The EPAD contracts are futures contracts and hence are of the “obligation” type, option 202 
type EPAD contracts are not available. To operate the EPAD markets, a system price calculation is 203 
performed for the day-ahead electricity markets. The system price is a calculated price that omits 204 
considering any and all grid congestions between bidding areas. The area prices, in turn, take into 205 
account the grid congestions between areas. While the system price is a respectable reference, all 206 
bidding areas of the Nordic market shared a common electricity price only for 3 % of all hours of the 207 
year 2014 [6]. Out of the total cleared volumes of all the Nordic power derivatives the share of EPAD 208 
cleared volumes range between 6,5-9% [41]. 209 

The volume of EPADs traded is not limited by the physical transmission capacity of the Nordic 210 
network nor does a “specific route” or interconnection play any role – in this sense EPADs are 211 
“independent” financial products. EPAD prices can be positive or negative, depending on the 212 
market participants’ expectations of the price difference during the delivery period. The last trading 213 
day price of an EPAD sets the reference price (expiration day fix), against which the subsequent 214 
hourly price differences between the system and the bidding area prices are settled during the 215 
delivery period (spot reference settlement). For detailed contract specifications and trading 216 
procedures, see [42]. Nasdaq OMX currently operates the marketplace for EPAD contracts with 217 
monthly, quarterly, and yearly maturities, for eleven bidding areas in the Nordic electricity markets. 218 

Counterparty risk in the EPAD markets is borne (guaranteed) by the exchange and the firmness 219 
of the exchange traded contracts is thereby ensured. EPADs can also be traded OTC or bilaterally. 220 
The efficiency of the EPAD marketplace has been recently studied [37, 30, 43] and the findings 221 
indicate that there may be a reason to believe that EPAD markets are not always efficient. See Table 1 222 
for a summary of the characteristics of EPADs. 223 

It is important to observe that in order to fully hedge a position on the Nordic electricity market, 224 
participants with physical positions need to bundle two separate power derivatives contracts – a 225 
contract that hedges the system price and another that hedges the system-area price difference 226 
(EPAD).  227 

2.3 EPAD Combo 228 
EPAD Combo is a hybrid of two EPAD contracts that contains two EPADs with the same 229 

maturity for two bidding areas, one that hedges the first bidding area price vis-a-vis the system price 230 
and another that hedges the second bidding area price vis-a-vis the system price, thus effectively 231 
hedging the difference between the first and the second bidding area prices.  232 

Currently there are no ready-made EPAD Combo securities available on the Nordic electricity 233 
markets, but Combos can be constructed by the market participants or “bought as ready Combos” 234 
from financial operators. The two EPADs that make the combo are “separate” EPAD contracts and 235 
therefore their characteristics are the same as those of single EPAD contracts (discussed above), i.e., 236 
EPAD Combos are obligation type contracts (futures) as the underlying EPADs are of the obligation 237 
type. EPAD Combos are useful to those market participants, who are on the market either for buying 238 
from, or for selling to, a different bidding area, than where they reside. This is the same “raison 239 
d´être” that is underlying the FTR contracts, as explained above. See Table 1 for a summary of the 240 
characteristics of EPAD Combos. 241 

Table 1 Main characteristics of FTRs, EPADs, and EPAD Combos 242 

ATTRIBUTES Long-term Transmission Rights (LTR) 
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FINANCIAL TRANSMISSION 
RIGHTS (FTRs) 

ELECTRICITY PRICE AREA 
DIFFERENTIALS (EPADs) 

COMBINATIONS  OF 
ELECTRICITY PRICE AREA 

DIFFERENTIALS (EPAD 
Combos) 

Underlying 
Hourly spot price difference 

between two bidding area prices 

Hourly spot price difference 
between bidding area price and the 

system price 

Hourly spot price difference 
between two bidding area prices 

Specification 
Position dependent on the 
chosen route and direction 

Requirement for the system price 
calculation 

Combination of two EPAD 
contracts; requirement for the 

system price calculation 

Hedging 

Provides a complete hedge, if 
market participants have a 
physical position in both 

markets. Option or obligation 
type. 

Provides a complete single area 
hedge, if market participants have a 
financial position for system price 

and physical position in the market. 
Obligation type. 

Provides a complete hedge, if 
market participants have a 

financial position for system price 
and physical positions in both 

markets. Obligation type. 

Volume limits 

Financial contract limited by the 
volume of physical transmission 

capacity, with the possible 
netting (selling higher volume 

due to counterflows) 

Independent financial contract 
unrestricted by transmission 

capacity volumes 

Independent financial contract 
unrestricted by transmission 

capacity volumes 

Auctioneer / 
marketplace 

Auctioned by transmission 
system operator (TSO) or 

“allocating company” 
Sold and cleared by an exchange Sold and cleared by an exchange 

Risks 
Firmness and counterparty 

risks, revenue adequacy, 
impacts on bottleneck income 

Counterparty risks borne by the 
exchange; firmness ensured (OTC 

and bilateral trade risks separately) 

Counterparty risks borne by the 
exchange; firmness ensured (OTC 

and bilateral trade risks 
separately) 

Trading 

Liquidity for longer timeframes 
supported by additional 

contracts, e.g., Auction Revenue 
Rights (ARR), liquidity 

dependent on secondary market 
place efficiency 

Electronic trading system (ETS), 
OTC and bilateral trading; liquidity 

dependent on market place 
efficiency  

Electronic trading system (ETS), 
OTC and bilateral trading; 

liquidity dependent on market 
place efficiency 

 243 
In the following sub-section we further compare the structure of the three LTR vehicles, go 244 

through the differences in the risks involved, and discuss some details of the playing-field in which 245 
the replication takes place. 246 

2.4. Short structural comparison of FTR, EPAD, and EPAD Combo  247 
All three LTR vehicles fulfil the purpose of providing market participants with hedging 248 

solutions against congestion costs and the day-ahead congestion pricing. Structurally, they differ in 249 
terms of the underlying commodity being hedged: EPADs provide a hedge against a single area 250 
price risk by limiting the price difference between an area price and the system price, while FTR 251 
hedge the price difference between two area prices directly, and EPAD Combos enable hedging 252 
price differences between two area prices “via” the system price. The structure of these LTR vehicles 253 
in terms of their underlying is illustrated in Figure 1. 254 
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 255 
Figure 1 Structural differences with regards to the underlying of the three vehicles 256 

In addition to the differences in the underlying, EPAD, FTR, and EPAD Combo differ with 257 
respect to the volume of the amount of tradable securities and in the organization of the auction / 258 
initial markets of the securities. As discussed above the volume of the EPAD and EPAD Combo 259 
securities is unlimited and not in relation to the actual physical transmission capacity on the 260 
“ground”, while FTR contracts (obligations) are based on the actual physical transmission capacity 261 
with the additional possibility of netting. This may mean that less speculation can be expected to 262 
occur in the FTR trade than with EPAD and EPAD Combo trade. What this may perhaps also mean 263 
is that a virtual, fully independent of the physical transmission capacity FTR-based derivative may 264 
appear, if there is the basis for a strong enough speculative trade on these contracts. The EPAD 265 
securities are “emitted”, or put to sale, by market participants with the proper “trading licenses” that 266 
is, for example, power producers and other strong market participants may offer EPAD contracts for 267 
sale, while they guarantee according to the rules of the exchange to honour their obligations with 268 
regards to the emitted securities. The pricing of the initial issue of these securities depends on the 269 
participants putting them up for sale. The FTR are auctioned by the TSOs in a single allocation 270 
platform at European level [5, p. 3] and the auction determines the initial price of the contracts. Both 271 
securities have secondary markets where the price is formed according to the supply and the 272 
demand. 273 

An important difference between the vehicles is related to risks. With the EPADs and EPAD 274 
Combos the risks involved are the typical counterparty risks that are involved in securities exchange 275 
trade. With regards to the FTRs the risk profile is different, because the FTR contracts are connected 276 
to the physical amount of available transmission capacity. What is called the “firmness risk”, is a risk 277 
that stems from the possibility that the size of the actual transmission capacity auctioned becomes 278 
smaller (line faults, repairs, etc.) before the actual delivery. Capacity curtailments have direct 279 
financial consequences, because they change the energy arbitrage opportunity between two bidding 280 
areas. In this respect, the main difference between EPADs, EPAD Combos, and FTRs is relevant for 281 
the actors that bear the firmness risk associated with the physical characteristics of the assets 282 
underpinning the allocated capacity [44] that is, the possible costs from these risks materializing will 283 
have to be compensated to the FTR holders typically by the TSOs. 284 

TSOs are able to collect bottleneck income that they most likely can use to cover these risks 285 
according to the EC regulations (Article 16.6 of Regulation (EC) No. 714/2009). Otherwise the 286 
bottleneck income is used to guarantee the actual availability of the allocated capacity, for 287 
maintaining or increasing interconnection capacities, and for reducing network tariffs. The costs 288 
materializing from the firmness risk can also be shared between the TSOs and the capacity users 289 
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(FTR holders) by setting a cap on the FTR contract payments or by including a “risk premium” on 290 
the initial FTR auction limit prices [44].  291 

It is also important to note that an FTR contract price is directly dependent on the price 292 
difference between the two bidding areas in question; however an EPAD Combo price is also 293 
dependent on the joint relationship between the two areas prices vis-a-vis the system price. This 294 
means that there are more possible “states” that can occur, when an FTR is constructed with two 295 
EPAD contracts, than are possible with a pure FTR. Dramatic changes in the relationship between 296 
the area prices and the system price may occur during the maturity of EPAD contracts, which may 297 
cause difficulty in being able to judge the best combination of EPAD contracts (from the four 298 
possible contracts between two areas and the system price) to be is used to replicate an FTR. Put 299 
simply, it may be more difficult to forecast two rather than one price difference. 300 

Notwithstanding the observed differences between the construct of the three LTR vehicles, 301 
what remains is that the obligation type (future) FTR contract and EPAD Combo are theoretically 302 
equivalent in terms of the protection they offer. This theoretical equivalence is however a 303 
simplification of reality since it omits firmness, counterparty, and revenue adequacy risks, among 304 
others. Also the reliance on exchange-quoted EPAD closing prices represents a risk because previous 305 
research has shown that the Nordic EPAD markets may not be efficient in terms of contract pricing 306 
[30, 37, 43]. Nonetheless, based on the market data it makes sense to explore how replicating FTRs 307 
with EPAD combos works out in reality.  308 

3. Hedging with FTRs in the Nordic electricity markets: An empirical analysis 309 
In this section we replicate the hedging of transmission risk in the Nordic electricity markets by 310 

using EPAD Combos as a proxy for FTRs. We perform an empirical analysis on historical market 311 
data (2006-2013) and estimate the forward risk premia in FTRs used for hedging locational price risk 312 
between twenty interconnected bidding areas on seven international and three intra-national Nordic 313 
grid interconnectors. By using established risk premia methodology, we are able to shed light on the 314 
accuracy of the current market to price the replicated FTRs. This section first presents the 315 
methodology behind risk premium calculations, including theoretical grounding and practical 316 
interpretation. Then, the data behind the empirical analysis is presented, including detailed 317 
background of the selected interconnectors. The section ends with results and discussion. 318 

3.1 Risk premium methodology 319 
One approach to investigate pricing accuracy of electricity futures contracts, in this case 320 

replicated FTRs, is to calculate risk premia, which are systematic differences between the trading 321 
prices of electricity derivative contract (𝐹𝐹𝑡𝑡,𝑇𝑇) and the contract’s expected (ex-ante) spot price when it 322 
is delivered (𝐸𝐸𝑡𝑡(𝑆𝑆𝑇𝑇,𝑇𝑇)). We call this systematic difference a forward risk premium, in line with [45, 46, 323 
35, 34]. Forward risk premia can be understood as mark-ups or compensations in the derivatives 324 
contracts charged either by suppliers or consumers for bearing the price risk for the underlying 325 
commodity (electricity) [46, p. 1887]. Initially [47, 48, 49], research on risk premia has argued that the 326 
difference between the current futures price and the expected future spot price is negative, because 327 
producers are under greater hedging pressures, which puts a downward pressure on the current 328 
futures prices as compared to the expected spot prices. Nonetheless, the more recent studies [50, 36, 329 
51, 29] describe both, positive and negative relationships, indicating that consumers may also be 330 
under a greater hedging pressure, which puts an upward pressure on the current futures prices as 331 
compared to the expected spot prices. 332 

In the forward and futures pricing literature (equity, foreign exchange, and fixed income 333 
derivatives) it is a common practice to calculate the ex-ante premium in the forward price as an 334 
ex-post differential between the futures prices and the realized delivery date spot prices [52]. 335 
Longstaff and Wang [46] suggested this ex-post approach to risk premia in electricity forward prices 336 
by using 𝑆𝑆𝑇𝑇,𝑇𝑇 as a proxy for 𝐸𝐸𝑡𝑡(𝑆𝑆𝑇𝑇,𝑇𝑇)), and Marckhoff and Wimschulte [34] applied this proxy to 337 
calculate the ex-post risk premium for EPADs. In our study, we too embrace the ex-post approach to 338 
risk premia which we calculate for replicated FTRs. 339 
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As a basis for our calculations we assume that the EPAD contracts used in the FTR replication 340 
are acquired on the last contract trading day at the last trading day closing price2 (expiration day fix 341 
[42, p. 9]). The last trading day closing price can arguably be said to contain the most information 342 
about the coming future for which the contract is made and therefore it is the markets´ best estimate 343 
(including risks) on the average area price difference between the two areas during the delivery of 344 
the contract. 345 

From the above stated, the ex-ante risk premium is expressed by Eq. (1) and the ex-post risk 346 
premium is expressed by Eq. (2): 347 

 348 

𝜋𝜋𝑡𝑡,𝑇𝑇
𝐹𝐹𝐹𝐹𝐹𝐹 = 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡,𝑇𝑇 −  𝐸𝐸𝑡𝑡(𝐹𝐹𝐹𝐹𝐹𝐹𝑇𝑇,𝑇𝑇)    (1) 

𝜋𝜋𝑡𝑡,𝑇𝑇
𝐹𝐹𝐹𝐹𝐹𝐹 = 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡,𝑇𝑇 −

1
𝑛𝑛
� (𝑃𝑃ℎ𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴 − 𝑃𝑃ℎ𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐵𝐵)
𝑇𝑇2

ℎ=𝑇𝑇1

    
(2) 

Where  349 

𝜋𝜋𝑡𝑡𝐹𝐹𝐹𝐹𝐹𝐹 is the average FTR risk premium; 350 

𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡,𝑇𝑇 is the last trading day (t) closing price of FTR for the corresponding yearly, quarterly 351 
or monthly contract in a given direction3 (𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴 𝑡𝑡𝑡𝑡 𝐵𝐵 = 𝐹𝐹𝑡𝑡,𝑇𝑇

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴 − 𝐹𝐹𝑡𝑡,𝑇𝑇
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐵𝐵) for the 352 

delivery in time T; 353 

Et(FTRT,T) is the expected FTR price at time t for the delivery period in time T,T; 354 

𝑇𝑇1 and 𝑇𝑇2 are equal to the start and end of the FTR’s delivery period, respectively; 355 

𝑃𝑃ℎ𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴and 𝑃𝑃ℎ𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐵𝐵 are hourly (h) area spot prices for area A and B during the FTR contract 356 
delivery period; 357 

n is number of hours between the start (T1) and end (T2) of the FTR contract delivery period; 358 

FTR risk premium at time t for delivery at time T is equal to the FTR price at time t for delivery 359 
at time T minus the average realized difference between the interconnected area prices during the 360 
delivery period between times T1 and T2. The risk premium for each delivery period (year, quarter, 361 
and month) and area pairs is computed individually. Two ex-post approaches to risk premia can be 362 
applied: 1. Risk premium as difference between average futures prices (FTR) and the average spot 363 
price difference between the interconnected bidding areas during the delivery period [53, 33]; and 2. 364 
Risk premium calculated on a daily basis instead of averaging over the entire delivery period [34]. 365 
For the purpose of this study we have selected to study the average differences over the delivery 366 
period, according to the first approach. 367 

The underlying question behind risk premia is whether they denote a natural behaviour of 368 
risk-averse market participants willing to pay (accept) a risk premium (discount) for transferring the 369 
risk of unfavourable spot price movements [34], or whether they are a sign of market inefficiency, 370 
such as arbitrage [54]. From the current data and empirical analysis we cannot disentangle the two 371 
directly, but we can study the magnitudes, persistency, and direction of risk premia, which then 372 
shed light on the accuracy of the market to price the replicated FTRs. Put differently, by studying 373 

                                                 
2 This also implies that we omit mark-to-market during the trading period, which is called the expiry market settlement [42]. 
3 In markets with nodal pricing, FTR direction is often specified by using the terminology infection (POI) and point of withdrawal (POW). 
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risk premia we may assess, whether the theoretical FTRs are unbiased predictors of the future price 374 
differences between the interconnected areas. 375 

3.2 Data 376 
Our sample covers an eight-year period from 2006 to 2013 and includes a number of contracts 377 

for a selection of interconnectors and for the three contract durations. The maximum number of 378 
yearly, quarterly, and monthly contracts for each interconnector is 8, 32, and 96 respectively. The 379 
reason behind having fewer contracts (smaller sample size) for some of the selected interconnectors 380 
are changes in the number of bidding zones during the studied time period (e.g., bidding area 381 
“Sweden” was split into four separate bidding zones in November 2011) or delayed introduction of 382 
EPADs (e.g., Estonia joined the Nordic market in April 2010, but introduced the first EPADs only by 383 
the end of 2012). In total, our sample includes 49 yearly, 172 quarterly, and 487 monthly replicated 384 
FTRs. The data used to run the analyses consists of two datasets that represent the Nordic futures 385 
(EPAD) markets and spot markets. The futures market dataset was obtained from Nasdaq OMX 386 
Commodities and includes aggregated daily market outcomes (including, for instance, the bid-ask 387 
spreads and the volume traded) from EPAD trading. The main focus of interest here is the daily 388 
closing price (daily fix) of each contract and the last trading day closing price (expiration day fix). 389 
The spot market dataset was obtained from the Nord Pool Spot and consists of hourly system and 390 
area prices, based on the outcome of the day-ahead market auction (Elspot). The hourly spot price 391 
difference between area and system price is the underlying “asset” for EPADs during their delivery 392 
period. In the case of EPAD Combos used here for the replication of FTRs, the underlying asset is the 393 
hourly spot price difference between two interconnected bidding area prices4. 394 

Ten interconnectors were chosen for the empirical analysis based on historical, technical and 395 
economic reasoning. Most of the interconnectors are important parts of security of supply in each 396 
country, have large transmission capacity, and due to congestion represent important locational 397 
price risk for trades across areas. See the summary of selected cases in Error! Reference source not 398 
found. and statistical summary of price distributions in Appendix A. 399 

Table 2 Background of the selected interconnectors 400 

Case 
Bidding 
Areas A>B 

Capacity 
(MW) 

% Price 
Difference1 

Background of the interconnector 

Sweden-Finland 

SE/SE3>FI 1200 9% In 2012, Russian electricity exports to Finland were significantly 
reduced due to market design changes in Russia. Finland 
substituted the capacity with increased imports from Sweden that 
strained the limited SE>FI interconnectors [55]. 

SE1>FI 1500 27% 

Sweden-internal 

SE2>SE3 7300 4% 
Due to systematic internal congestions, Sweden was to split from a 
single bidding area into four areas in November 2011. Most of the 
low-cost hydro-production is located in Northern Sweden (areas 
SE1 and SE2), but consumption is mostly in the South (SE3 and 
SE4), see [56]. 

SE3>SE4 5300 10% 

Norway-Sweden NO1>SE/SE3 2145 35% 

The so-called “Hasle cross-section” from Norway to Sweden is 
important not only for Central-Sweden (SE3) to import power from 
the Southern Norway (NO1), but also for the whole of the Nordic 
market. However, the long-planned grid investment (Westlink) to 
this region was cancelled in 2013 by the Norwegian and the 
Swedish TSOs, see [57]. 

Denmark internal DK1>DK2  28% Areas DK1 and DK2 were initially not synchronized, and the first 

                                                 
4 The system price disappears from the underlying spot price calculation, i.e. (area price A – system price) – (area price B – system price) 

=> area price A – area price B=> underlying asset for FTR.  
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Sweden-Denmark 

SE*/SE3>DK1 680 23% 

major power link (Great Belt) was built only in 2010. The DK1-DK2 
interconnector has the most volatile price differences in the Nordic 
markets with frequent price spikes (see Appendix A). Area DK2 
houses most of the Danish wind power capacity, which contributes 
to the area price spikes. Historically, the different production mix 
of Denmark (coal, wind) and Sweden (nuclear, hydro) have 
increased pressures on the interconnectors between the two 
countries [56]. 

SE*/SE4>DK2 1300 19% 

Norway-Finland NO4>FI 100 26% 

Norway is a lower production cost hydro-dominated market than 
the more thermal-energy-based Finnish market. The 
interconnector’s small capacity causes it to only have a limited 
impact on Finnish prices. 

Finland-Estonia FI>EE 1000 21% 

The main purpose of the Finland-Estonia interconnector is to 
improve the security of supply and competition in both markets. 
Transmission risk management is relevant for both sides of the 
Finnish-Estonian interconnector. 

1 “% Price Difference” refers to the number of hours area B has had a higher price than area A (in the A to B direction), out of 401 
total hours during 1.1.2006 – 31.12.2013 (see Appendix A for details); *SE represents Sweden as a single bidding area until the 402 
end of October 2011, after which it was split into four separate bidding zones SE1 Luleå, SE2 Sundsvall, SE3 Stockholm, and 403 
SE4 Malmö; Abbreviations for the other bidding zones used in the analysis are: Finland (FI), Estonia (EE), Århus (DK1), 404 
Copenhagen (DK2), Oslo (NO1), and Tromsø (NO4); 405 

3.3 Results and discussion 406 
Before presenting the final results, we illustrate the interpretation of outcomes under explicit 407 

assumptions in a more general context. Table 3 presents eight scenarios leading to a specific sign of 408 
risk premia (positive + or negative -) depending on the sign of the underlying spot (S) and futures (F) 409 
prices (positive + or negative -) as well as their absolute sizes (S>F or S<F). We may split the table into 410 
two parts according to the market’s ability to price the futures (FTRs) correctly (naturally), or 411 
incorrectly (unnaturally). 412 

Scenarios 1, 2, 7, and 8 represent a category, where the FTRs are, under our definitions, correctly 413 
priced with respect to the underlying spot price outcome, i.e., both price sets have equal sign which 414 
means that a buyer receives the FTR clearing price and pays the negative spot price outcome, which 415 
fixes his/her risk exposure. This is, if the market participants priced a futures contract negatively, the 416 
spot price outcome turned out to be also negative during the delivery period (scenarios 7 and 8). 417 
Assuming both FTR and spot position, this may be a typical case for hedgers with production in 418 
lower price area and consumption (customers) in higher price area looking for a contract against the 419 
negative exposure to locational price risk. By the same token, scenarios 1 and 2 represent correctly 420 
priced futures, where positively priced FTRs match with the market participants’ expectations of 421 
positive price spread between the underlying bidding areas. This means that a buyer  pays the 422 
positive FTR clearing price and receives the positive spot position, which again fixes his/her price 423 
spread exposure between the interconnected areas. In all the “correctly priced” scenarios, the 424 
positive and negative risk premia depend on the risk aversion, hedging needs, and market shares of 425 
the market participants, who are willing to pay (accept) a risk premium (discount) pushing prices 426 
above (+), or below (-) the risk-neutral expected spread. 427 

Scenarios 3, 4, 5 and 6 represent a category of unnaturally (counter flow) priced FTRs, which do 428 
not offer any hedging value for the market participants. In scenarios 3 and 4 buyers expect and pay 429 
the positive FTR price (area price A > area price B), but the underlying spot (S) outcome turns out 430 
negative during the delivery period (A<B). This makes the buyers of positive FTRs pay the positive 431 
clearing price and additionally face the negative locational spot price spreads in the spot market. In 432 
scenarios 5 and 6 FTR buyers expect and receive the negative FTR price (area price A < area price B), 433 
but the underlying spot (S) outcome turns out positive during the delivery period (A>B). Assuming 434 
physical spot positions, this outcome means that sellers of negative FTRs paid the clearing price for 435 
the expected negative spot price outcome that they did not collect in the spot. Vice versa, the buyers 436 
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of the negative FTR received the clearing price and additionally the positive spot difference.  437 
Briefly, in scenario 3-4 (5-6) FTR buyers (sellers) would be better off by simply trading spot across 438 
borders, than with the additional FTR derivative.   439 

Table 3: Risk premia outcomes under given price assumptions 440 
Scenario Spot (S) Futures (F) Assumption (ABS*) Risk premium (F-S) 

1 + + S>F - 
2 + + S<F + 
3 - + S>F + 
4 - + S<F + 
5 + - S>F - 
6 + - S<F - 
7 - - S>F + 
8 - - S<F - 

*ABS refers to the absolute value of spot (S) and futures (F) prices; 441 
 442 

For the sake of brevity, we summarize the results for each interconnector and contract type 443 
(yearly, quarterly, and monthly) for the entire eight-year period5 studied. Table 4 presents the 444 
average spot price, futures price, and risk premium for the theoretical FTRs during 2006-2013. The 445 
spot price refers to the average hourly spot price difference (EUR/MWh) between the interconnected 446 
bidding areas during the delivery of individual FTR contract. Futures price refers to the average last 447 
trading day closing price (EUR/MWh) of FTR for the corresponding yearly, quarterly, and monthly 448 
contract in a given direction. Risk premium is the average difference between the futures price 449 
(𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡,𝑇𝑇) and the ex-post delivery date spot price difference between the underlying bidding areas 450 
(see Eq. (2)). 451 

Table 4: Average spot price, futures price, and risk premium for the theoretical FTRs during 452 
2006-2013 453 

  
YEARLY FTR QUARTERLY FTR MONTHLY FTR 

  
AVERAGE STD** AVERAGE STD** AVG STD** 

SE/SE3>FI 

Spot price -0.94 1.57 -0.97 2.37 -0.92 2.47 
Futures price -0.90 1.26 -1.17 2.13 -1.12 2.73 
Risk premium 0.04 1.56 -0.24 1.72 -0.20 2.00 

Sample size 8 8 32 32 96 96 

SE1>FI 

Spot price -3.44 2.08 -3.43 2.16 -3.20 3.29 
Futures price -4.59 0.93 -5.71 2.76 -5.85 4.35 
Risk premium -1.15 3.02 -2.28 2.54 -2.66 3.04 

Sample size 2 2 8 8 26 26 

SE2>SE3 

Spot price -0.40 0.20 -0.40 0.36 -0.45 0.64 
Futures price -1.92 0.83 -1.69 1.10 -1.84 1.78 
Risk premium -1.52 0.63 -1.29 0.84 -1.39 1.32 

Sample size 2 2 8 8 26 26 

SE3>SE4 

Spot price -1.18 0.99 -1.18 1.43 -1.39 2.17 
Futures price -4.76 2.53 -2.63 2.12 -2.21 2.39 
Risk premium -3.58 1.54 -1.45 1.96 -0.82 2.36 

Sample size 2 2 8 8 26 26 

NO1>SE/SE3 

Spot price -3.39 3.83 -3.39 5.98 -3.42 6.65 
Futures price -2.34 1.57 -3.52 4.28 -3.67 5.32 
Risk premium 1.05 4.28 -0.14 4.85 -0.38 4.11 

Sample size 8 8 32 32 96 96 

DK1>DK2 

Spot price -2.85 3.43 -2.85 5.90 -2.82 7.87 
Futures price -2.64 2.83 -2.97 4.46 -2.93 7.18 
Risk premium 0.21 4.25 -0.12 6.62 -0.11 6.94 

Sample size 8 8 32 32 78 78 

SE/SE3>DK1 
Spot price 0.50 4.93 0.51 7.66 0.16 9.63 

Futures price -2.68 6.22 -1.23 8.05 -0.43 10.41 

                                                 
5 Full and detailed results for each EPAD, FTR, bidding area, and time period are available upon request from the corresponding author.  
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Risk premium -3.18 7.73 -1.74 7.60 -0.59 7.97 
Sample size 8 8 32 32 78 78 

SE4>DK2 

Spot price -1.52 2.60 -1.51 3.54 -1.42 3.68 
Futures price -0.65 0.07 -1.39 2.04 -1.81 3.66 
Risk premium 0.87 2.67 0.12 3.25 -0.40 2.17 

Sample size 2 2 8 8 26 26 

NO4>FI 

Spot price -4.01 2.06 -4.00 2.73 -3.79 3.85 
Futures price -5.13 1.17 -5.65 2.81 -6.47 4.62 
Risk premium -1.11 3.23 -1.65 2.37 -2.68 2.69 

Sample size 8 8 8 8 25 25 

FI>EE 

Spot price -1.99 - -1.98 1.88 -2.01 4.91 
Futures price 1.05 - 0.82 0.88 0.38 2.63 
Risk premium 3.04 - 2.80 1.44 2.39 5.66 

Sample size 1 1 4 4 10 10 

Note: Futures price represents the average last trading day closing price (EUR/MWh) of the FTR for the corresponding 454 
yearly, quarterly, and monthly contracts in a given direction; Spot price represents the average hourly spot price difference 455 
between the two underlying bidding areas during the delivery period (EUR/MWh); Risk premium represents the average 456 
risk premium calculated as the difference between Futures price and Spot price (see Eq.2); Sample size represents the number 457 
of contracts in the sample for each interconnector; Because of the varying sample size across contract types and 458 
interconnectors, we do not report the significance values for the risk premia. However, for instance the mean risk premia for 459 
all monthly contracts were all significantly different from zero according to a one-sample t-test at 5% significance level (full 460 
results available upon request); Total sample includes 49 yearly, 172 quarterly, and 487 monthly FTRs. * SE represents 461 
Sweden as a single bidding area until the end of October 2011, after which it was split into four separate bidding zones SE1 462 
Luleå, SE2 Sundsvall, SE3 Stockholm, and SE4 Malmö; Abbreviations for the other bidding zones used in the analysis are: 463 
Finland (FI), Estonia (EE), Århus (DK1), Copenhagen (DK2), Oslo (NO1), and Tromsø (NO4); **STD refers to standard 464 
deviation; 465 
 466 

From the aggregated results in Table 4, it is visible that the interconnector pairs selected for the 467 
analysis are directed from low to high area price, as indicated by the negative average spot prices. 468 
One exception is the interconnector SE/SE3>DK1, which exhibited a positive average spot price 469 
spread, i.e., DK1 was the lower area price on average. Using the terminology of “correctly” priced 470 
FTRs mentioned above we see that the replicated FTR contracts would give a correct (natural) price 471 
signal with respect to the direction of the price risk for eight out of ten interconnectors, as indicated 472 
by the same sign of the futures and spot prices. The two exceptions were SE/SE3>DK1 and FI>EE 473 
interconnectors, where the market has unnaturally priced all the replicated FTRs (monthly, 474 
quarterly, and yearly) and gave the opposite price signal (reverse flow) for the futures and the spot 475 
outcomes.  476 

Again, using the terminology from the illustrative scenarios linked to Table 3, buying the 477 
transmission hedge on the SE/SE3>DK1 interconnector in the given direction from 478 
Sweden/Stockholm (SE/SE3) to Århus (DK1) leads to a large negative average risk premium for 479 
buyers (scenario 6). This is because buyers (sellers) buy (sell) discounted FTRs (negative risk 480 
premium) and benefit from (lose out on) the positive spot price outcome. Likewise, buying an FTR 481 
on the FI>EE interconnector across all maturities in the direction from Finland to Estonia would lead 482 
to an increased price risk exposure to buyers and a large positive average risk premium (scenario 3). 483 
The reasons behind the counter flow pricing on these two interconnectors stem from the fact that 484 
there is not a natural flow direction which could be easily predicted ex-ante by the market 485 
participants. This is shown in Appendix A, where the spot price differences are relatively equally 486 
distributed between positive and negative differences, i.e., 26% and 23% for SE/SE3>DK1, and 31% 487 
and 21% for FI>EE.  488 

Coming back to the eight correctly (naturally) priced risks on the respective interconnectors, we 489 
may observe the signs and magnitudes of risk premia in the replicated FTRs. Out of the eight 490 
interconnectors and twenty-four averaged contracts only five contain positive risk premia, of which 491 
four are for the yearly contracts (SE/SE3>FI, NO1>SE/SE3, SE4>DK2, SE4>DK2) and one is for the 492 
quarterly contract (SE4>DK2). As a reminder from the above discussion, the positive risk premium 493 
indicates a buyer’s willingness to pay a mark-up for transferring the transmission risk (in this case 494 
more distant in time) to the counterparty. The magnitudes of the positive risk premia are strongly 495 
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below, or close to 1, but because of the small and varying sample sizes in the yearly and quarterly 496 
contract maturities, we cannot test their statistical significance.  497 
 The finding of positive risk premia in longer-term contracts, see also [43], seems contrary to the 498 
findings of earlier research [61], which has typically associated positive forward risk premia with 499 
consumers’ higher desire to hedge especially short-term horizons (producers’ market power) and 500 
negative forward risk premia with producers’ higher desire to hedge especially longer-term 501 
horizons (consumers’ market power). However, the risk premia for the yearly and quarterly 502 
maturities in Table 4 exhibit both, negative and positive values, which could be interpreted as 503 
neutral risk premium effect.  504 

Nonetheless, it is worth looking closer at the interconnectors with positive risk premia. It can be 505 
observed that in three positive risk premia cases the “sink” area is DK2, which has the most of the 506 
Danish wind power capacity and the most volatility in area spot prices (see Appendix A). This may 507 
explain the market participants’ willingness to pay a premium even for the longer-term contracts, 508 
implying producers’ market power in this case. Positive risk premium in the yearly FTRs for the 509 
NO1>SE/SE3 interconnector with Stockholm (SE/SE3) as the “sink” area may imply a limited supply 510 
of such contracts, rather than a greater risk aversion of consumers in the long-term horizon. 511 
Magnitude of the yearly SE/SE3>FI positive risk premium (0.04) is the smallest of all and does not 512 
seem to have a clear economic interpretation.  513 

In general, majority of the replicated FTR contracts for the studied time period and 514 
interconnectors contain, on average, a negative risk premium. This is particularly true for the 515 
monthly FTRs which all contain statistically significant negative risk premium on average. This 516 
means that such replicated FTR contracts are, on average, sold at a discount. According to the 517 
hedging pressure theory [36, 35, 58, 59] this would imply a market power of consumers, who are 518 
exerting greater hedging pressure on producers, who are more keen to sell futures as compared to 519 
the lower eagerness of the consumers to buy. This could possibly point out to a lacking demand for 520 
cross-border transmission hedging contracts, making the buyers less keen on managing the price 521 
difference exposure with FTRs even closer to delivery. However, the negative risk premium pattern 522 
has been clear and statistically significant mainly for the monthly FTRs, which are less traded than 523 
the quarterly and the yearly contracts. Hence, the ultimate answer on the effect of lacking demand 524 
for FTRs on their trading prices has to be left for further research.  525 

4. Conclusions and policy implications 526 
The long-term prediction of electricity prices and of possible congestions in the electricity 527 

networks is difficult, and is arguably becoming more difficult due to the increasing shares of 528 
intermittent power generation across Europe and in the rest of the world. This same development is 529 
also relevant and noticeable in the Nordic markets. For this reason, among others, the Nordic 530 
electricity market participants need efficient hedging mechanisms to manage the price risks that 531 
occur in transmission between price areas. 532 

In light of the accepted European network code on forward capacity allocation (FCA), this 533 
paper has presented the structure and characteristics of two types of long-term transmission right 534 
contracts. These financial contracts are relevant for hedging locational price risks stemming from 535 
congestion on electricity transmission lines which interconnect different price areas across the EU. 536 
The contract mechanisms assessed are the financial transmission rights (FTR) that are envisioned by 537 
the FCA network code, and the electricity area price differentials (EPAD) that are presently used in 538 
the Nordic electricity markets. This paper has presented how, by using two EPAD contracts to create 539 
a so called “EPAD Combo”, the effect of an FTR contract can be replicated. From a policy point of 540 
view this replication implies that it is theoretically and even practically possible to continue with the 541 
EPAD-based system by using EPAD Combos in the Nordic countries, even if FTR contracts would 542 
prevail elsewhere in the EU. 543 

To explore the possible (future) compatibility and even the substitutability of FTR contracts 544 
with EPAD contracts for hedging of transmission risks in the Nordic markets, we have examined the 545 
pricing accuracy of FTRs replicated from EPADs. We have quantified ex-post forward risk premia 546 
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for 49 yearly, 172 quarterly, and 487 monthly FTRs sold on ten Nordic interconnectors over eight 547 
year period (2008-2013).  548 
 The results show that, on average, replicated FTRs contain a negative risk premium and were 549 
mostly sold at a discount by producers. It was shown that especially monthly FTRs contained a 550 
systematic and statistically significant negative risk premium, which may raise questions on the 551 
demand for these FTRs and on the validity of the hedging pressure theory for a non-storable 552 
commodity. Two interconnectors (FI>EE, SE/SE3>DK1) were identified, where the market 553 
participants were systematically and across contract maturities unable to correctly(naturally) price 554 
the replicated FTR, with respect to the underlying spot price risk. It has been argued that the 555 
congestion direction on these interconnectors is more difficult to forecast, which is reflected by the 556 
counter flow pricing of the underlying FTRs. 557 
 By applying the ex-post forward risk premium methodology, we have quantified the average 558 
magnitude and directions of theoretical FTR contracts, which sheds the light on the market’s ability 559 
to accurately price such a contract and the underlying risk. It was argued that positive and negative 560 
risk premia depend on risk aversion, hedging needs, and market shares of market participants, who 561 
are willing to pay (accept) a risk premium (discount) pushing prices above (+) or below (-) the 562 
risk-neutral expected spread. However, risk aversion and market shares are also influenced by many 563 
fundamental factors, such as exceptionally cold, or warm, weather, peak/off peak periods, high/low 564 
hydro reservoir inflows, CO2 prices, and transaction costs. For these reasons, a more complex 565 
empirical analysis should be carried out that would attempt to disentangle the structure of the 566 
identified risk premia.  567 

The empirical results are based on using the official closing prices of the last day of trading 568 
before the delivery period for the EPAD contracts used in the FTR replication. One can expect that 569 
the last day of the trading period would mean that the markets have the most information available. 570 
The official EPAD closing prices do not, however, reflect full market information, as the official 571 
closing prices omit the price information from the trades made over-the-counter (OTC). This issue 572 
may have an effect on the risk premia results and certainly sheds a light on the reliability of the 573 
official EPAD closing prices as a source of price information for the Nordic markets. 574 

From a European policy perspective it can be observed that it is theoretically possible to 575 
replicate FTR contracts with a combination of EPAD contracts. In practice, the bi-directional nature 576 
of EPAD Combos (and FTRs) makes the pricing of these derivatives less intuitive, when compared to 577 
physical contracts, which may sometimes imply that EPAD contracts are not efficient. Policy 578 
considerations should be still made with regards to boosting the pricing efficiency of the markets. 579 
Another issue that merits policy consideration is changing the mechanism used for the calculation of 580 
the daily closing prices for the Nordic EPAD markets.  581 

In this work we have excluded discussions on transaction costs, bid-ask spreads, costs of 582 
regulation, rebalancing, and financing. All of these are important issues that are not irrelevant from 583 
the point of view of how efficiently the markets for EPAD contracts function.  584 

Some interesting avenues for future work on the pricing efficiency of the EPAD markets and of 585 
the replication of FTR contracts with EPAD Combos have been revealed. Namely, there is a clear 586 
need for a more holistic investigation of EPAD pricing in terms of historical performance. An 587 
example of possible extension, in line with [60, 61], is to study risk premia in relation to the price of a 588 
hedge (high prices) as well as the number of zonal interfaces between geographical areas (distant 589 
locations). Such analysis could reveal whether long-term transmission rights function well only for 590 
intra-zonal and adjacent areas or also for more remote areas, as well as whether market participants 591 
can receive effective hedge also for the more extreme expected spot outcomes.  592 
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Appendix A 612 
Table A.1 Statistical summary of hourly spot price differences between area prices during 2006-2013 613 

 

SE*/SE3>
FI 

SE1>
FI 

SE2>S
E3 

SE3>S
E4 

NO1>SE*/S
E3 

DK1>D
K2 

SE*/SE3>D
K1 

SE*/SE4>D
K2 

NO4>
FI FI>EE 

MEA
N -0.92 -3.20 -0.44 -1.38 -3.41 -2.84 0.51 -1.96 -2.31 1.51 

SD 6.49 9.20 3.49 5.37 17.60 27.45 26.92 16.42 9.25 27.35 
SKE
W -13.73 -7.69 -16.63 -5.24 -42.39 0.84 -11.65 -48.23 -7.66 -54.99 

KUR
T 359.33 

109.6
7 420.39 39.87 2692.74 2856.13 2407.04 5237.18 135.28 

3950.3
0 

N 70128 19008 19008 19008 70128 70128 70128 70128 34824 32904 

>0 2544 8 0 1 8763 6705 18222 5000 3041 10300 

<0 6315 5133 715 1871 24330 19313 16089 13133 8905 6948 

 =0 61269 13867 18293 17136 37035 44110 35817 51995 22878 15656 

 %>0 4% 0% 0% 0% 12% 10% 26% 7% 9% 31% 

 %<0 9% 27% 4% 10% 35% 28% 23% 19% 26% 21% 

 %=0 87% 73% 96% 90% 53% 63% 51% 74% 66% 48% 

Note: The table shows hourly spot price differences between interconnected bidding areas as the outcome of day-ahead 614 
market auction; MEAN refers to the mean average price difference; SD refers the standard deviation of price differences; 615 
SKEW refers to skewness of price differences; KURT refers to kurtoses of price differences; N refers to number of hours in the 616 
sample between 2006-2013; >0, <0, and =0 refers to number of hours when the price difference was greater than, smaller than, 617 
and equal to zero; %>0, %<0, and %=0 refers to number of hours, as a percentage of total hours in the sample, when the price 618 
difference was greater than, smaller than, and equal to zero; *SE represents Sweden as a single bidding area until the end of 619 
October 2011, after which it was split into four separate bidding zones SE1 Luleå, SE2 Sundsvall, SE3 Stockholm, and SE4 620 
Malmö; Abbreviations for the other bidding zones used in the analysis are: Finland (FI), Estonia (EE), Århus (DK1), 621 
Copenhagen (DK2), Oslo (NO1), and Tromsø (NO4); 622 

 623 
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Abstract— The EU member states have accepted the Forward 

Capacity Allocation (FCA) network code which defines, among 

others, that Financial Transmission Rights (FTR) are the main 

mechanism for securing cross-border transmission capacity in 

Europe. However, in the Nordic electricity markets technically, 

economically, and institutionally different Electricity Price Area 

Differential (EPAD) contracts are in use. In this paper, we 

tentatively estimate the financial impacts of FTR auctions on the 

Finnish and Swedish transmission system operators (TSOs).  We 

use modern portfolio theory to study the expected amounts of 

congestion income needing to be redistributed from the emittance 

of yearly, quarterly and monthly FTRs in 2012 and 2013. We 

assume TSOs sell FTR volume equal to 70% of net transfer 

capacity (NTC) of a given interconnector. We find out that the 

expected portfolio returns do not necessarily exceed the collected 

congestion rents (TSOs’ income), but the returns’ expected 

volatility is high. Adequate price floors, price ceilings and 

simultaneous feasibility tests should be added to the FTR markets 

to avoid revenue adequacy risk for TSOs. 

Index Terms—portfolios; risk analysis; transmission lines 

I. INTRODUCTION 

According to the recently approved network code on 
Forward Capacity Allocation (FCA) by the EU member states, 
financial transmission rights (FTR) are the main mechanism for 
securing cross-border capacity in forward timeframes. 
However, the Nordic electricity markets have historically relied 
on electricity area price differentials (EPAD), which are 
technically, economically, and institutionally different 
contracts than FTR. The Agency for the Cooperation of Energy 
Regulators (ACER) [1, p. 10] exempts European electricity 
markets from implementing FTR if “appropriate cross-border 
financial hedging is offered in liquid financial markets on both 
side(s) of an interconnector”. But, the liquidity and efficiency 
of EPAD have been long questioned by the stakeholders [2, 3, 
4] so the sustainability of an unchanged EPAD market is far 
from certain. 

The challenge for the Nordic electricity markets stems from 
the three main differences between EPAD and FTR. First, 
EPAD hedge the difference between area price and a 
benchmark “system price”, while FTR hedge the difference 

between prices of two adjacent areas. Second, despite both 
being pure financial contracts, EPAD are not directly linked to 
the transmission capacities between bidding areas, while FTR 
are connected to physical transmission route and capacity. 
Third, EPAD are auctioned by a commercial exchange, while 
FTR are typically auctioned by transmission system operators 
(TSOs). 

Currently, in order to hedge a price difference between two 
adjacent bidding zones, a combination of two separate EPAD 
contracts (one long and one short) need to be used. Such 
combinations of EPADs are commonly called “EPAD Combo” 
but alike bundles are currently not auctioned. Nonetheless, in 
their underlying, EPAD Combo synthetically replicate FTR, i.e. 
hedge the price difference between two bidding zones, while 
retaining the characteristics of the Nordic electricity market 
(bidding zones, reference “system price”, etc.).  

We utilize the characteristics of EPAD Combo in order to 
simulate financial impacts on the TSOs auctioning FTRs 
according to the guidelines proposed by the FCA code. We 
narrow down the scope to a two-country case of Finland and 
Sweden during 2012 and 2013, and focus on FTR obligations 
only. For this purpose, we utilize historical data from Nasdaq 
OMX Commodities (EPAD daily closing prices) and Nord Pool 
Spot (area spot prices). We first derive the underlying values 
for FTR (EPAD Combo) monthly, quarterly, and yearly 
contracts. Then, we calculate simple net returns for TSOs 
selling the FTRs and meeting the resulting financial obligations 
from the collected congestion rents. Finally, we construct 
portfolios out of the three assets (monthly, quarterly, yearly 
FTRs) and calculate the expected portfolio returns and expected 
variance of returns (volatility).  

The objective is to study the economic outcomes for TSOs 
issuing (selling) FTR portfolios. By undergoing this exercise 
we expose how much risk can TSOs face when operating as 
primary FTR auctioneers and counterparties for the FTR 
buyers. We find out that the expected portfolio returns (TSOs’ 
obligation to pay) do not necessarily exceed the collected 
congestion rents (TSOs’ income), but the returns’ expected 
volatility is high. Further, the auctioned volumes without a link 
to the limits of physical transmission capacity strongly increase 



financial risks for TSOs (firmness risk). The paper contributes 
to the European energy policy debate by bringing theoretical 
and empirical evidence from the Nordic electricity market 
about the market impacts from implementing new designs of 
long-term transmission rights. 

The study is structured as follows. Section II presents the 
background, which covers a snapshot of the Nordic electricity 
market, the mechanics behind congestion rents, and an 
overview of the main long-term transmission rights. Section III 
introduces the theory behind portfolio analysis and section IV 
describes the method and data in detail. Section V. presents the 
results and analyses of the main findings. The paper ends with 
conclusions in Section VI. 

II. BACKGROUND 

Nordic electricity markets 

The Nordic electricity markets [5] consist of Finland, 
Sweden, Norway, Denmark, and the Baltic states. To manage 
transmission congestion the Nordic wholesale electricity 
market follows zonal pricing model. The wholesale market is 
organized around the Nord Pool Spot power exchange which is 
structured into day-ahead market, Elspot and intraday market 
Elbas. In Elspot market, a common system price for the whole 
Nordic area is calculated assuming an unconstrained network. 
In addition, the electricity price is calculated for 15 pre-defined 
price areas based on transmission grid congestion. Financial 
products for hedging system and area prices are sold in Nasdaq 
OMX Commodities.  

 

Figure 1.  Nordic price areas in Nord Pool [6] 

Congestion Rents 

In the Nordic markets, bidding areas are limited by national 
borders (Finland and the Baltic states; one area in each country) 
or by internal congested lines (Sweden, four areas; Norway, 
five areas; and Denmark, two areas). See Fig. 1 with 
approximation of transmission net transfer capacities (NTC). 

If there is a price difference between the areas in a day-
ahead trading the TSOs receive congestion rents. The 
congestion rent is calculated based on the price difference 
between the areas and the commercial flow on a day-ahead 
market, and divided equally between affected TSOs. According 
to the EU legislation (EC Regulation 714/2009), TSOs should 
use the congestion rents to either guarantee the transmission 
capacity or invest in new capacity. If it is not possible, 
congestion rents can be used to reduce transmission tariffs. 

There are several major bottlenecks in the Nordic markets, 
for example between Norway and Sweden (NO1-SE3) and 
between Sweden and Denmark (DK1-SE2, DK2-SE4). 
However, in this paper we target only two specific bottlenecks 
between Finland and Sweden for the following reasons. First, 
the direction of congestion is straightforward to predict; second, 
the price differences between the two countries are frequent and 
persistent; third, the hedging possibilities between Finland and 
Sweden have been recognized imperfect [7]. 

The first bottleneck in question is located in North Finland-
Sweden (SE1-FI; capacity 1500 MW) and the second is in 
South Finland-Sweden (SE3-FI; capacity 1200 MW). The 
importance of Swedish connections to Finland has increased in 
2012 when Russia reduced its power flow to Finland due to 
market model changes in Russia [8]. After that, Finland has 
been importing electricity from Sweden most of the time. 
However, area price differences between the interconnected 
areas SE1-FI and SE3-FI were present about half of the time in 
2014 [9]. The seriousness of the issue is also marked by the 
amount of collected congestion rents between Finland and 
Sweden which was over 97 M€ in 2014. This amount represents 
about 26% of the total congestion rents collected on the entire 
Nordic market [10]. 

Long-Term Financial Transmission Rights 

Long-term transmission rights (LTR) are financial or 
physical contracts that provide hedge against congestion costs 
and the day-ahead congestion pricing. Three main types of 
LTRs exist, 1. Financial transmission rights (FTR), 2. 
Electricity area price differentials (EPAD), and 3. 
Combinations of Electricity area price differentials (EPAD 
Combo).  

According to the approved FCA network code, TSOs 
should auction at least yearly and monthly FTR contracts [11, 
p. 2]. The shift from EPAD to FTR would mean the Nordic 
TSOs would start using congestion rent to pay out to FTR 
holders the difference in energy prices between two price areas. 
This brings at least three new types of risks for TSOs, 1. 
Firmness risk, 2. Counterparty risk, and 3. Revenue adequacy 
risk. In addition, congestion rent used for payments to FTR 
holders means less investments available for new transmission 
lines. Nonetheless, the magnitude of some of the risks is 



naturally limited because TSOs as FTR issuers hedge their 
obligations by collecting congestion rent. 

In the Nordic markets, market participants can use financial 
products traded in Nasdaq OMX Commodities or bilateral 
contracts for price hedging. There are, for instance, futures and 
DS futures (deferred settlement futures) for hedging the system 
price changes. In addition, one type of long-term transmission 
right (LTR) called electricity price area differentials (EPAD) is 
available for hedging the price difference between the local area 
price and the system price.  Two EPAD contracts, also EPAD 
Combo, may be combined to create a hedge against price 
difference between two bidding areas. Such contract 
synthetically replicates the financial transmission right (FTR) 
but with some underlying differences. Table I summarizes the 
characteristics of EPAD, EPAD Combo and FTR. 

TABLE I.  CHARACTERISTICS OF LONG-TERM TRANSMISSION RIGHTS 

 EPAD EPAD Combo FTR 

Contract DS future type 

contract 

Combines two 

EPAD contracts 

Obligation or option 

Underlying 

contract 

Hourly difference 
between area and 

system prices 

Hourly difference 
between two area 

prices 

Hourly difference 
between two area 

prices 

Volume 

limit 

Pure financial 
contract; 

unrestricted by 

transmission 
capacity volumes 

Pure financial 
contract; 

unrestricted by 

transmission 
capacity volumes 

Pure financial 
contract; limited by 

the volume of 

physical transmission 
capacity 

Auctioneer Auctioned by an 

exchange 

Auctioned by an 

exchange 

Auctioned by TSO or 

allocating company 

Risks Counterparty risk 
borne by an 

exchange 

Counterparty risk 
borne by an 

exchange 

Affects TSOs’ 
congestion rents; 

firmness, revenue 

adequacy and 
counterparty risks 

III. MODERN PORTFOLIO THEORY 

Several asset allocation models used for portfolio analysis 
and selection exist, such as modern portfolio theory (MPT), 
Sharpe’s single index model, arbitrage pricing theory (APT), 
and capital asset pricing model (CAPM). To evaluate a sample 
portfolio of various FTR derivatives issued by TSOs during a 
given period this study utilizes Markowitz’s [12] modern 
portfolio theory (MPT). 

By studying the effects of asset returns, risks, correlations 
and diversifications on probable portfolio returns, modern 
portfolio theory helps in the portfolio selection process. MPT 
also introduces a concept of efficient frontier which identifies 
optimal portfolios striking balance between highest expected 
returns for a given levels of risk or vice versa the minimum 
levels of risk for any expected return [13]. 

Based on the objective of our work, i.e. to study the 
economic outcomes for TSOs issuing (selling) FTR portfolios, 
we do not seek to determine the efficient frontier. Instead, we 
use MPT’s theoretical concepts of expected portfolio returns 
and return variance to expose the potential financial impacts on 
TSOs emitting FTRs. 

Specifically, the expected return of a portfolio is equal to 
the weighted average of the simple net returns on individual 
assets in the portfolio.  For a three asset portfolio the expected 
return is:  

𝐸(𝑅𝑝) = 𝑤𝐴𝐸(𝑅𝐴) + 𝑤𝐵𝐸(𝑅𝐵) + 𝑤𝐶𝐸(𝑅𝐶) (1) 

Where 

𝑅𝑝 is the return on the portfolio 

𝑅𝑖 is the return on asset i and  

𝑤𝑖  is the weighting of component asset i (the 

proportion of asset i in the portfolio). 

Further, the portfolio variance is a measure of returns 
volatility carrying information about risks and effects of 
diversification. In a three asset portfolio the portfolio return 
variance is: 

𝜎𝑝
2 = 𝑤𝐴

2𝜎𝐴
2 + 𝑤𝐵

2𝜎𝐵
2 + 𝑤𝐶

2𝜎𝐶
2 + 2𝑤𝐴𝑤𝐵𝜎𝐴𝜎𝐵𝑝𝐴𝐵 + 2𝑤𝐴𝑤𝐶𝜎𝐴𝜎𝐶𝑝𝐴𝐶

+ 2𝑤𝐵𝑤𝐶𝜎𝐵𝜎𝐶𝑝𝐵𝐶 
(2) 

Where 

𝑤𝑖  is the weighting of component asset i (the 

proportion of asset i in the portfolio). 

𝜎𝑖 and 𝜎𝑗 are the standard deviations of asset returns i 

and j 
𝑝𝑖𝑗 is the correlation coefficient between the returns on 

assets i and j 

Finally, portfolio return volatility (standard deviation) is a 
square root of its variance. 

 𝜎𝑝 = √𝜎𝑝
2  (3) 

In our analysis, TSOs’ portfolio consists only of a single 
asset class – FTR derivative. So instead of a typical multi-asset 
class portfolio made of, for example, stocks, bonds, and cash, 
TSOs’ portfolio consists of a single derivate class with three 
different maturities (monthly, quarterly, yearly) issued at the 
same time. We provide further detail in the next section.  

IV. METHOD AND DATA 

By issuing FTRs the TSOs redistribute congestion rent to 
the FTR holders. If the total payments for the issued FTRs (later 
called expected congestion rent) are equal to the collected 
congestion rent, TSOs’ transactions are balanced. However, 
this is rarely the case so if unaddressed, TSOs are exposed to 
the revenue adequacy risk. To offset the revenue adequacy risk, 
TSOs have to 1. auction (emit) the right volume of FTRs for 2. 
the right contract prices. 

The impact of the right FTR prices on revenue adequacy is 
illustrated in Table II. If the spot price differences between the 
underlying bidding areas are below the FTR price, TSOs gain 
additional revenue and hedgers fail to manage risk. Vice versa, 
if the spot prices are above the FTR price, TSOs pay out 
additional congestion rent and FTR holders reduce the 
transmission risk exposure. 

TABLE II.  MARKET IMPACTS OF FTR AND SPOT PRICE DIFFERENCES ON 

MARKET PLAYERS 

Market player 
Market outcome 

Spot < FTR Spot > FTR 

TSO + - 

Hedger - + 

The impact of the right amount of auctioned FTR volume is 
discussed next. Based on the historical commercial flow data 



and collected congestion rents, Nordic TSOs typically collect 
bottleneck income from approximately 80% of the 
interconnector’s net transfer capacity (NTC). Full capacity 
cannot be utilized at all times due to the grid security and other 
technical reasons.  We use the 80% as a benchmark and 
additionally cut 10% to leave a safety margin for the TSOs to 
limit the impact firmness risk, i.e. selling capacity that will not 
be commercially available. This leaves 70% of NTC available 
for auction which in our study represents the TSOs’ total 
portfolio value. Therefore, our first assumption is: 

∑ 𝑀𝑜𝑛𝑡ℎ𝑙𝑦, 𝑄𝑢𝑎𝑟𝑡𝑒𝑟𝑙𝑦, 𝑌𝑒𝑎𝑟𝑙𝑦 𝐹𝑇𝑅 𝑣𝑜𝑙𝑢𝑚𝑒

= 70% 𝑛𝑒𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑁𝑇𝐶) 
(3) 

To carry out the portfolio analysis we proceed in the 
following way. We first select two representative years, 2012 
and 2013, which are characterized by stable and typical 
environmental, political and economic events. We further 
narrow down the geographical scope to a two-country case of 
Finland and Sweden, which includes two cross-border 
interconnectors: 1. Helsinki (FI) and Stockholm (SE3), and 2. 
Helsinki (FI) and Luleå (SE1). The study focuses on FTR 
obligations with monthly, quarterly, and yearly maturities. 
Lastly, we use historical data originating from Nasdaq OMX 
Commodities (EPAD daily closing prices) and Nord Pool Spot 
(area spot prices). See the data summary in Table III.  

TABLE III.  DATA SUMMARY 

Maturity Directions Time period #Contracts/Year Sample 

Month SE1>FI, SE3>FI 2012, 2013 12 48 

Quarter SE1>FI, SE3>FI 2012, 2013 4 16 

Year SE1>FI, SE3>FI 2012, 2013 1 4 

To obtain the expected portfolio returns and expected 
portfolio variance we follow the following steps: 

1. Calculate ex-post the value of FTR contract
(EUR/MWh) by taking the difference between the 
interconnected areas’ EPAD last trading day closing prices. By 
selling EPAD A and buying EPAD B, FTR hedge in A to B 
direction is created. The value of FTR contract is equal to the 
expected hourly price difference between area A and B in each 
hour of the delivery period (month, quarter, year). It is the 
marginal price for which TSOs auction (sell) the FTR. 

2. Calculate the expected congestion rent (EUR) by 
multiplying the value of FTR contract with the total number of 
hours in the contract and the 70% NTC capacity sold. This is 
the TSOs’ expected congestion rent Pt-1 that it believes to pay 
(redistribute) to the FTR buyers. 

3. Calculate the realized congestion rent (EUR) Pt which 
is equal to the total sum of area price differences multiplied by 
the commercial flow (MW) for each hour of the delivery 
period. This is the actual congestion rent retained by the TSOs. 

4. Calculate the net payoff (EUR) by subtracting the 
expected congestion rent from the realized congestion rent (Pt 

- Pt-1). The net payoff is positive if the realized congestion rent 
is higher than the expected congestion rent and vice versa.  

5. Calculate one-period simple net returns (%) of each 
contract over its maturity (year, quarter, month) by dividing 

the net payoff by the realized congestion rent ((Pt - Pt-1)/ Pt.)). 

The net returns compare in percentages how much congestion 
rent is additionally gained (+ %) or redistributed (- %) in 
respect to the realized congestion rent. 

6. Calculate single asset annual expected net returns by 
geometric mean of the same asset in a given year. The value 
identifies how much, in percentages, of the realized congestion 
rent is expected to be redistributed (-%) or additionally gained 
(+ %), if 70% of NTC of a given interconnector is allocated to 
only a single asset in a given year. The geometric mean is a 
more appropriate measure of central tendency for the expected 
returns since the sample size is rather small and outliers are 
present, Eq.1. 

7. Calculate single asset annual variance and standard 
deviation, Eq. 2-3.The values measure the expected volatility 
of returns for a single asset allocation strategy, cf. 6.  

8. Calculate expected portfolio returns with the
following distribution of portfolio value across the three FTR 
assets: 50% yearly, 25 % quarterly, and 25% monthly. Eq. 1.  

9. Calculate expected portfolio return variance and
standard deviation with the following distribution of portfolio 
value across the three FTR assets: 50% yearly, 25 % quarterly, 
and 25% monthly, Eq.2-3. 

V. RESULTS 

The expected and realized congestion rents stemming from 
the 70% of NTC utilization of individual interconnectors 
represent the TSO’s total portfolio value, i.e. 100% of wealth to 
be invested (redistributed). Table IV shows the expected returns 
and risks under a scenario that the full portfolio value, i.e. 70% 
NTC of each interconnector, is allocated to only a single asset 
in a given year. Such strategy is not practical since the effect of 
diversification is removed, but the illustrative purpose revealing 
the underlying dynamics of individual contracts remains. 

TABLE IV.  SINGLE ASSET EXPECTED RETURNS, VARIANCE AND 

STANDARD DEVIATION 

FTR Maturity 
2012 2013 

Return VAR SD Return VAR SD 

SE1>FI 

Yearly -50,05 % 1,48 1,22 -50,05 % 1,48 1,22 

Quarterly -62,90 % 0,34 0,59 -221,54 % 49,94 7,07 

Monthly* -117,18 % 4,83 2,20 -133,60 % 41,04 6,41 

SE3>FI 

Yearly 1,54 % 0,96 0,98 1,54 % 0,96 0,98 

Quarterly -45,33 % 1,08 1,04 -149,18 % 24,71 4,97 

Monthly* -142,99 % 6,65 2,58 -62,77 % 4,62 2,15 

SE>FI 

Yearly -28,41 % 1,19 1,09 -28,41 % 1,19 1,09 

Quarterly -57,68 % 0,52 0,72 -181,88 % 38,15 6,18 

Monthly* -112,75 % 4,18 2,04 -149,13 % 14,00 3,74 

* For the following months and interconnectors, zero or near zero (SE1>FI Apr 2013) 

congestion rents were identified, so they were removed from the calculations: Feb 2013 

and Apr 2013 for both interconnectors, SE1>FI and SE3>FI. 

The expected returns and volatilities in Table IV strongly 
differ between the two sample years. The TSOs’ expected 
returns would have been better (more congestion rent retained) 
and less volatile in the year 2012 that in 2013. The northern 
interconnector SE1>FI seems more volatile than SE3>FI across 



the years. Quarterly and monthly contracts are typically more 
volatile and their expected returns often exceed the realized 
congestion rents, i.e. values beyond negative 100%. Indicate 
revenue shortfalls for the TSOs. 

To calculate the expected returns and risks of a portfolio 
with three assets, we distribute the total portfolio value across 
the three FTR assets accordingly: 50% yearly, 25 % quarterly, 
and 25% monthly. We base this static strategy on the experience 
from FTR auctions on Estonia-Latvian borders [14].  

TABLE V.  PORTFOLIO EXPECTED RETURNS, VARIANCE AND STANDARD 

DEVIATION 

FTR* 
2012 2013 

Return VAR SD Return VAR SD 

SE1>FI -70,04 % 0,67 0,82 -113,81 % 9,03 3,01 

SE3>FI -46,31 % 0,80 0,90 -52,21 % 2,79 1,67 

SE>FI -56,81 % 0,58 0,76 -96,96 % 5,06 2,25 

* For the following months and interconnectors, zero or near zero (SE1>FI Apr 2013) 

congestion rents were identified, so they were removed from the calculations: Feb 2013 

and Apr 2013 for both interconnectors, SE1>FI and SE3>FI. 

The expected portfolio returns in Table V. imply that the 
TSOs emitting yearly, quarterly, and monthly FTRs on the 
Finnish-Swedish interconnectors in the years 2012 and 2013 
could expect to fully compensate the FTR holders without the 
revenue adequacy risk. The expected portfolio returns are all 
below -100% except the portfolio SE1>FI in 2013 where TSOs 
could expect to pay 13,81% above the revenues from 
congestion rents. 

The impact of portfolio diversification is also visible from 
Table V. Volatility is reduced via some contract pairs (quarterly 
and monthly SE1>FI and SE>FI in 2012) having negative 
covariance and by allocating the most weight (50%) to the least 
volatile yearly contract. Nonetheless, returns volatility between 
76-301% in either direction from the expected portfolio returns 
is very high so revenue adequacy is still a real financial threat. 

VI. CONCLUSIONS 

Market participants on the Nordic electricity markets face 
transmission risks on daily basis. The current EPAD market has 
been showing signs of inefficiency for relatively long period of 
time. The FCA network code proposes such improvements in 
the form of FTR or possibly EPAD Combo. However, it is 
unclear what impacts would these products could improve the 
Nordic markets’ liquidity and efficiency. 

Unbundled EPAD Combo contracts have the benefit that 
the price differences intended to be hedged do not need to be 
physically interconnected, but they often suffer from the lack of 
liquidity. In turn, FTRs auctioned by TSOs may be expected to 
be liquid but they need to be issued for physically 
interconnected areas and limited by the physical transmission 
capacities.  

In this paper, we tentatively estimated the economic 
outcomes for Finnish and Swedish TSOs emitting FTR for the 
hedging purposes of market participants. We used modern 
portfolio theory to study the expected amounts of congestion 
income needing to be redistributed from the emittance of 
yearly, quarterly and monthly FTRs in 2012 and 2013. To sum 

up the results, the TSOs would be able to compensate the FTR 
holders for the underlying transmission risks from the collected 
congestion rents without excessive exposure to the revenue 
adequacy problem. Nonetheless, the expected returns 
(compensation) volatility is too high so the revenue adequacy 
risk still exists. This far, TSOs have been using congestion rents 
to, for instance, invest into new cross-border lines. Such 
investments, in turn, support the market uniformity, which 
reduces the transmission risk problem and thus the needs for 
hedging the transmission risks. If the TSOs organise FTR 
markets it is possible that this dynamics changes. 

As emitters of FTR or EPAD Combo contracts, TSOs need 
adequate price floors and price ceilings. Price limits allow risk 
sharing among the market participates, so the risk burden is not 
borne by emitter or buyer only. In addition, similar mechanism 
to the simultaneous feasibility test employed in nodal pricing 
system may be needed to guarantee that FTR compensations do 
not exceed the congestion rents.  Future work should focus on 
methods that limit extreme financial outcomes for all market 
participants of FTR auctions. 

REFERENCES 

[1]  ACER, "Framework Guidlines on Transmission Capacity and Congestion 

Management for Electricity," ACER, Ljubljana, 2011. 

[2]  P. Spodniak, "Informational Efficiency in the Nordic Electricity Market - 

the Case of European Price Area Differentials (EPAD)," in International 

Conference on the European Energy Markets, Lisbon, 2015.  

[3]  B. Hagman and J. Bjørndalen, "FTRs in the Nordic electricity market - Pros 

and cons compared to the present system with CfDs," Elforskq, Stockholm, 

2011. 

[4]  P. Spodniak, M. Collan and S. Viljainen, "Examining the Markets for 
Nordic Electricity Price Area Differentials - Focusing on Finland," 

Hokkipaino Oy, Lappeenranta, 2015. 

[5]  E. S. Amundsen, L. Bergman and N.-H. M. Fehr von der, "The Nordic 

Electricity Market: Robust by Design?," in Electricity Market Reform An 

International Perspective, Amsterdam, Elsevier, 2006, pp. 145-170. 

[6]  Nord Pool, "Map of price areas," 24 December 2015. [Online]. Available: 

http://nordpoolspot.com/Market-data1/#/nordic/map. 

[7]  Fingrid, "Pitkänaikavälinsiirto-oikeudet - Long-term transmission rights 
(LTRs), Fingrid’s market council meeting Feb 10, 2015," Fingrid, 2015. 

[Online]. Available: 

http://www.fingrid.fi/fi/asiakkaat/asiakasliitteet/Markkinatoimikunta/2015

/20150210%20Markkinatoimikunta%20-%204%20-

%20LTR%20selvitys.pdf. [Accessed 11 December 2015]. 

[8]  S. Viljainen, M. Makkonen, O. Gore and P. Spodniak, "Risks in small 

electricity markets: the experience of Finland in winter 2012," The 

Electricity Journal, vol. 25, no. 10, pp. 71-80, 2012.  

[9]  Fingrid, "Market integration, Integrity of price areas," Fingrid, 2015. 

[Online]. Available: http://www.fingrid.fi/en/electricity-market/market-

integration/integrityofpriceareas/Pages/2014.aspx. [Accessed 15 

December 2015]. 

[10]  Nord Pool Spot, "Transmission System Operators, TSO Congestion Rents 

2015," Nord Pool, 2015. [Online]. Available: 

http://nordpoolspot.com/How-does-it-work/Transmission-system-
operators-TSOs. [Accessed 15 December 2015]. 

[11]  ENTSO-E, "Network Code on Forward Capacity Allocation," ENTSO-E, 

Brussels, 2013. 

[12]  H. Markowitz, "Portfolio Selection," The Journal of Finance, vol. 7, no. 1, 

pp. 77-91, 1952.  

[13]  E. J. Elton and M. J. Gruber, "The Rationality of Asset Allocation 

Recommendations," journal of Financial and Quantitative Analysis, vol. 

35, no. 1, pp. 27-41, March 2000.  

[14]  Elering, "PTR-Limited Auction," 2015. [Online]. Available: 

http://elering.ee/ptr-limited-auction-2/. [Accessed 24 November 2015]. 

 





ACTA UNIVERSITATIS LAPPEENRANTAENSIS 

696. INKINEN, HENRI. Intellectual capital, knowledge management practices and firm 
performance. 2016. Diss. 

697.  YANG, XIAOCHEN. Development of a welding production quality control and 
management system model for China. 2016. Diss. 

698. LEMINEN, VILLE. Leak-proof heat sealing of press-formed paperboard trays. 2016. 
Diss. 

699. LAAKSONEN, LAURI. Spectral retinal image processing and analysis for 
ophthalmology. 2016. Diss. 

700.  OINONEN, MINNA. Management of customer co-development in business-to-business 
markets. 2016. Diss. 

701. ALATALO, SARA-MAARIA. Hydrothermal carbonization in the synthesis of sustainable 
porous carbon materials. 2016. Diss. 

702. UZHEGOV, NIKITA. Design and material selection of high-speed rotating electrical 
machines. 2016. Diss. 

703.  RICHTER, CHRIS. Digital collaborations and entrepreneurship – the role of 
shareconomy and crowdsourcing in the era of smart city. 2016. Diss. 

704.  JAFARI, SHILA. Investigation of adsorption of dyes onto modified titanium dioxide. 
2016. Diss. 

705. PATEL, YOGINI. Computational modelling of non-equilibrium condensing steam flows 
in low-pressure steam turbines. 2016. Diss. 

706.  LEVCHUK, IRINA. Titanium dioxide based nanomaterials for photocatalytic water 
treatment. 2016. Diss. 

707. AMOUR, IDRISSA. Variational ensemble kalman filtering applied to data assimilation 
problems in computational fluid dynamics. 2016. Diss. 

708.  SHESTAKOVA, MARINA. Ultrasound-assisted electrochemical treatment of 
wastewaters containing organic pollutants by using novel Ti/Ta2O5-SnO2 electrodes. 
2016. Diss. 

709.  OLEKSIIENKO, OLGA. Physico-chemical properties of sol-gel synthesized 
titanosilicates for the uptake of radionuclides from aqueous solutions. 2016. Diss. 

710. PATALA, SAMULI. Advancing sustainability-oriented innovations in industrial markets. 
2016. Diss. 

711. KUORIKOSKI, TERO. Kohti resonoivaa urheilujohtamista – Tavoitteen muodostuminen 
urheilun kentässä. 2016. Diss. 

712. LAHTELA, VILLE. Improving the properties of solid Scots pine (Pinus sylvestris) wood 
by using modification technology and agents. 2016. Diss. 

713. NEVARANTA, NIKO. Online time and frequency domain identification of a resonating 
mechanical system in electric drives. 2016. Diss. 

714. FANG, CHAO. Study on system design and key technologies of case closure welding 
for ITER correction coil. 2016. Diss. 



715.  GARCÍA PÉREZ, MANUEL. Modeling the effects of unsteady flow patterns on the 
fireside ash fouling in tube arrays of kraft and coal-fired boilers. 

716. KATTAINEN, JARI. Heterarkkisen verkostoyhteistyön johtamistarpeet verkoston 
muotoutumisvaiheessa. 2016. Diss. 

717. HASAN, MEHDI. Purification of aqueous electrolyte solutions by air-cooled natural 
freezing. 2016. Diss. 

718.  KNUTAS, ANTTI. Increasing beneficial interactions in a computer-supported 
collaborative environment. 2016. Diss. 

719.  OVASKA, SAMI-SEPPO. Oil and grease barrier properties of converted dispersion-
coated paperboards. 2016. Diss. 

720.  MAROCHKIN, VLADISLAV. Novel solutions for improving solid-state photon detector 
performance and manufacturing. 2016. Diss. 

721. SERMYAGINA, EKATERINA. Modelling of torrefaction and hydrothermal carbonization 
and heat integration of torrefaction with a CHP plant. 2016. Diss. 

722. KOTISALO, KAISA. Assessment of process safety performance in Seveso 
establishments. 2016. Diss. 

723. LAINE, IGOR. Institution-based view of entrepreneurial internationalization. 2016. Diss. 

724. MONTECINOS, WERNER EDUARDO JARA. Axial flux permanent magnet machines – 
development of optimal design strategies. 2016. Diss. 

725. MULTAHARJU, SIRPA. Managing sustainability-related risks in supply chains. 2016. 
Diss. 

726.  HANNONEN, JANNE. Application of an embedded control system for aging detection of 
power converter components. 2016. Diss. 

727.  PARKKILA, JANNE. Connecting video games as a solution for the growing video game 
markets. 2016. Diss. 

728.  RINKINEN, SATU. Clusters, innovation systems and ecosystems: Studies on innovation 
policy’s concept evolution and approaches for regional renewal. 2016. Diss. 

729. VANADZINA, EVGENIA. Capacity market in Russia: addressing the energy trilemma. 
2016. Diss. 

730. KUOKKANEN, ANNA. Understanding complex system change for a sustainable food 
system. 2016. Diss. 

731. SAVOLAINEN, JYRKI. Analyzing the profitability of metal mining investments with 
system dynamic modeling and real option analysis. 2016. Diss. 

732. LAMPINEN, MATTI. Development of hydrometallurgical reactor leaching for recovery of 
zinc and gold. 2016. Diss. 

733.  SUHOLA, TIMO. Asiakaslähtöisyys ja monialainen yhteistyö oppilashuollossa: 
oppilashuoltoprosessi systeemisenä palvelukokonaisuutena. 2017. Diss. 




	Kannet A4.pdf
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page

	acta.pdf
	Blank Page



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20161215095949
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     1
     No
     1286
     320
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     102.0472
     Left
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0e
     Quite Imposing Plus 3
     1
      

        
     1
     0
     1
      

   1
  

 HistoryList_V1
 qi2base





