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Abstract 


The primary purpose of this thesis was to investigate pricing premiums for derivatives with Nordic 
 power as the underlying asset and to outline whether such premiums influenced hedging strategies. 


The time period chosen was January 2013 to December 2019, and the financial derivatives analysed 
 were options on futures and weekly-, monthly-, quarterly- and yearly futures contracts.  This thesis 
 found that futures prices are biased predictors of the corresponding spot prices, and that significant 
 forward premiums are present in the financial market for Nordic power. Additionally, it was uncovered 
 that the European Market Infrastructure Regulation enforced in 2016 eliminated the use of deferred 
 settlement  futures,  which  ultimately  led  to  many  foreign  participants  leaving  the  market,  overall 
 decreasing the liquidity. This, in combination with the high implied volatility of the underlying asset, 
 caused options to cease trading in a meaningful volume, which ultimately led to their exclusion from 
 future hedging strategies. Hedging strategies for power producers and -suppliers were presented where 
 it was identified that 14 out of 40 offsetting hedging strategies yielded a lower standard deviation and 
 a  higher  return  than  the  baseline  of  zero  hedging.  Finally,  as  many  market  participants  employ 
 speculation alongside their risk management, speculative investment strategies were presented within 
 the framework of Markowitz’ mean-variance portfolio theory.  



Acknowledgements 


The authors of this thesis would like to pay special gratitude to supervisor Hans-Christian S. Andersen 
for  continuous  support  during  the  process  of  writing  this  thesis.  Furthermore,  we  wish  to  thank 
Torbjørn  Haugen  for  his  expert  advice,  which  has  been  of  great  importance  when  developing  an 
understanding of the Nordic power market and its historical development. Finally, we wish to express 
our  gratitude  towards  Montel  News  as  access  to  their  information  platform  has  been  key  for  data 
collection. 



(3)2 



Table of Contents 


1. Introduction & Motivation
 ... 4 


2. Literary review on Nordic power derivatives and hedging strategies
 ... 6 


3. Approach to research question
 ... 12 


4. Topic delimitations
 ... 14 


5. Method
 ... 15 


5.1 Research design ... 15 


5.2 Data collection ... 16 


5.3 Data quality issues ... 18 


5.4 Thesis structure ... 19 


6. Theories
 ... 21 


6.1 Options explained ... 21 


6.2 Futures explained ... 25 


6.3 Ordinary Least Squares (OLS) regression ... 28 


6.4 Hedging and portfolio theory ... 35 


6.5 Summary of the theoretical frameworks applied ... 37 


7. Definitions
 ... 37 


7.1 Electricity, power, power market, and power trading ... 37 


7.2 Nord Pool ... 42 


7.3 Nasdaq OMX Commodities Europe ... 43 


7.4 Summary of important definitions used in the thesis ... 45 


8. Liquidity analysis
 ... 45 


8.1 Options on futures ... 46 


8.2 Weekly baseload futures ... 47 


8.3 Monthly baseload futures ... 49 


8.4 Quarterly baseload futures ... 50 


8.5 Yearly baseload futures ... 51 



(4)3 


8.6 Summary of liquidity analysis ... 52 


9. Descriptive statistics
 ... 53 


9.1 Nordic system price ... 53 


9.2 Futures contracts ... 56 


9.3 Summary of descriptive statistics ... 62 


10. Forward premium analysis
 ... 62 


10.1 Data processing ... 62 


10.2 Premium calculations ... 65 


10.3 Summary statistics and interpretations ... 66 


10.4 Unbiased forward rate hypothesis ... 80 


10.5 Sensitivity analysis ... 88 


11. Discussion: Where are the options?
 ... 90 


12. Hedging
 ... 92 


12.1 Introduction to hedging ... 93 


12.2 Introduction to power hedging strategies ... 95 


12.3 Hedging for power producers ... 97 


12.4 Hedging for power suppliers ... 101 


12.5 ‘Hedging’ for speculators ... 107 


12.6 Discussion: Importance of data period when constructing hedging strategies ... 110 


12.7 Summary of hedging ... 112 


13. Discussion: Market efficiency on the Nordic power market
 ... 113 


14. Conclusion
 ... 114 


15. Bibliography
 ... 117 


16. List of figures
 ... 124 


17. List of files
 ... 127 


18. Appendix
 ... 129 



(5)4 



1. Introduction & Motivation 


After  its  initial  liberalization  in  1991,  the  Nordic  power  market  is  one  of  the  most  liberal  and 
 competitive power markets in the world of finance (Nord Pool, 2020a). This market supplements a 
 highly  volatile physical  market  by  offering  a  wide  array  of  financial  instruments  that  enable  risk 
 management or speculation. Futures contracts and options on futures are the main derivatives traded 
 on the Nordic power exchange, Nasdaq OMX Commodities Europe. 


Consistent with the laws of energy conservation, large quantities of electrical energy cannot be stored 
 economically. This is the reason why power trading is different in nature from traditional commodity 
 trading. Some energy conservation projects are based on pumping water into higher altitude reservoirs 
 when the spot price of electricity is low and producing electricity by letting the water flow through a 
 hydro  power  turbine  when  the  spot  price  is  high. This  has  primarily  been  done  as  price  arbitrage 
 exploitation,  rather  than  ensuring  capacity  for  future  delivery  (Lie,  2014).  As  a  result,  all  futures 
 contracts traded are being settled financially, which entails there is no physical delivery of power, but 
 rather a settlement based upon the spread between the futures price and the spot price.  


When trading power derivatives, it is crucial that the market is both liquid and efficient, or the trades 
 executed will leave money on the table due to market inefficiencies. This thesis hypothesizes that there 
 might exist a forward premium on futures contracts as well as a volatility premium on the futures 
 options. If these hypotheses are correct, it would raise questions for market participants as to which 
 instruments to utilize when implementing a hedging strategy. 


Initial research revealed that the financial instruments being traded as of 2020 are different compared 
to  just  five  years  ago.  The  main  difference  is  the  elimination  of  forward  contracts,  due  to  market 
regulations introduced in 2012 and coming into effect in 2016. This resulted in futures contracts being 
the main derivative currently traded.  Interestingly, the authors of this thesis have been unable to find 
academic literature analysing options on the Nordic power market post 2015. The authors are therefore 
curious as to whether the 2012 market regulations altered the market dynamics with regard to which 
instruments are now being actively traded. 
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 Parallel to the development of a functioning financial power trading market, the renewable energy 
 sector has experienced a transition where merchant risk is becoming ever more present. Historically, 
 renewable projects have relied upon governmental subsidies to become economically viable. Regulators 
 introduced auctions in the tendering process whereby the bidder with the lowest quoted electricity 
 price won the right to develop the project. However, as renewable technology has become both cheaper 
 and  more  energy  efficient,  some  regulators  are  introducing  ‘zero  bids’  in  their  auctioning  schemes 
 (Guillet, 2017). In such schemes, the developer is no longer guaranteed a minimum electricity price. 


This mechanism radically changes the risk factors in renewable projects. Historically, the main risks 
 have been related to capital overexpenditure and project delays. With no floor for the electricity price, 
 a significant additional commercial risk is introduced. To mitigate this risk, developers are looking to 
 the  derivatives  markets  to  hedge  their  future  production  (McKinsey,  2018).  As  renewable  energy 
 developers turn to the futures market to hedge their production, the power derivatives market will 
 experience increased market participation, thus highlighting the importance of an efficient market. 


Should a forward premium be present in the data period, it would raise questions on how and when to 
 hedge power production. Hedging the price of a commodity is the act of securing a future price of a
 given commodity, in this case the power delivered into a specified power-grid over a specific time-
 period.  As  electricity  demand  fluctuates  throughout  the  day,  the  derivatives  traded  on  the  Nordic 
 power market secures the price for the minimum power needed throughout the day, referred to as base 
 load (Meredith, 2016). A hedger can lock in the future price of power delivered through either; a futures 
 contract  with  power  as  the  underlying  asset,  or  through  options  with  a  futures  contract  as  the 
 underlying asset. Due to inherent future market uncertainty, the most commonly traded expirations 
 are  day-ahead,  the  following  week,  month  and  quarter  (Appendix  2).  This  has  led  many  market 
 participants to employ a ‘stack and roll’ hedging strategy whereby the hedger purchases a futures 
 contract on the near-term delivery date. When the contract expires, the hedger ‘roll over’ the initial 
 exposure, less the power delivered in the expired period, into another set of near-term futures contracts. 


This suggests that the most interesting contracts to consider in a hedging strategy context are; following 
week, month and quarter, as these closely resemble prevailing market behaviour. 
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 Additionally, it is currently not clear whether one should purchase the futures contracts or the options 
 on the underlying contracts to optimally hedge future prices.  



2. Literary review on Nordic power derivatives and hedging  strategies 


The  following  literary  review  provides  a  context  and  theoretical  framework  for  the  academic  field 
 related to Nordic power futures and options, forward premiums, and hedging strategies. In order for 
 the  reader  to  better  understand  the  findings  of  this  thesis,  it  is  useful  to  consider  relevant,  prior 
 academic studies which highlight how theories and market dynamics might have shifted. 


The structure of the literary review follows the framework of Saunders et al. Research Methods for 
 Business Students (2016), which categorizes the review held as a hybrid between a historical review 
 and a theoretical review (Saunders, et al., 2019, p. 74). The historical review examines the evolution 
 on a particular topic over a period of time, whereas the theoretical review examines the body of theory 
 that has accumulated with regard to a phenomenon (Saunders, et al., 2019, p. 74). This thesis’ literary 
 review assesses both the academic research on the field of Nordic power derivatives, and further how 
 it might have changed over time. Ultimately, this thesis´ findings will outline a hedging strategy, thus 
 the authors find it advantageous to review a case study of hedging strategies implemented. 



2.1 Data collection 


In order to provide transparency to the literary review process, the data collection, i.e. the search for 
relevant literary works, is outlined in detail. The authors first became aware of the notion that there 
might exist a form of pricing premium on the Nordic market for power derivatives by reading an article 
from the journal Energy Economics where Birkelund et al. (2015) presented their article ‘A comparison 
The two main topics of this thesis; the forward premium on the Nordic power market and the 
related hedging strategies, have been researched individually. To the best of our abilities, we have 
been unable to identify any academic research linking these two topics. Current research on the 
futures  market  of  the  Nordic  power  market  has  to  date  been  somewhat  limited,  providing  the 
authors with additional motivation for contributing to expanding the academic field.  
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 of implied and realized volatility in the Nordic power forward market’. This stimulated the authors’ 


interest for the subject and triggered a thorough review of their citations, which again lead to the 
 discovery of the article ‘The Forward Premium in the Nord Pool Power Market’ by Haugom et al. 


(2018). As it became apparent that Eirik Haugom was knowledgeable within the field of Nordic power 
 derivatives, his other works were also studied in order to gain a better understanding of the academic 
 field. 


In  addition  to  searching  for  specific  articles  and  academic  scholars,  data  gathering  has  also  been 
 performed through Google and Copenhagen Business School’s academic databases.  



2.2 Literature on the market conditions for Nordic power derivatives
1


2.2.1  Market power in the expanding Nordic power market  – Bask, Lundgren  and Rudholm (2011) 


In their article published in Applied Economics, Bask et al. (2011) are evaluating the market power in 
 the  Nordic  market  for  electric  power.  Market  power  is  defined  as  a  company’s  relative  ability  to 
 influence the price of a commodity in the marketplace by altering supply, demand or both (Kenton, 
 2019a). Their context is centered around the transition from national markets to multi-national and 
 largely deregulated markets, and how this might have affected the market power. The authors of the 
 article are meticulous when presenting their data, how they process it and furthermore how they present 
 their results. Their findings further underline previous research concluding that the transition from 
 national markets to multi-national and deregulated markets has had an overall positive effect on market 
 power.  


In the context of this thesis, Bask, Lundgren and Rudholm’s article provide a thorough understanding 
 on  how  the  market  dynamics  of  Nordic  power  have  developed.  They  provide  validity  to  potential 
 findings  of  forward  premiums,  as  their  conclusion,  that  market  power  has  declined  after  the 
 deregulation, would prohibit a single market participant manipulating the market. This suggests that 


1 For good measures, the authors of the thesis would like to state that the literary review is performed, to the best of our knowledge, without 
any inherent biases or self-interest towards the researchers and/or academic field.  
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 the possible forward premiums are a natural occurrence, and not caused by market manipulation by 
 one or more participants.  



2.3 Literature regarding forward & futures premiums on the Nordic Power  Market 



2.3.1  The Forward Premium in the Nord Pool Power Market  – Haugom et al. 



(2018) 


In  their  article  published  in Emerging  Markets  Finance, Haugom  et  al.  (2018)  assess  the  forward 
 premium in the Nord Pool power market2 in the period 2004 throughout 2013. The notion of forward 
 premium was first introduced to the world of academia by Kaldor (1939), Working (1948) and Brennan 
 (1958), but Haugom et al. (2018) utilize the definition of a forward premium synthesized by Eugene F. 


Fama and Kenneth R. French in 1987. Their findings indicate that there is a forward premium on the 
 Nordic market for power. They further test various models to predict future system prices, with inputs 
 such as wind production, electricity consumption, reservoir levels and inflow.  


It is without a doubt that the article The Forward Premium in the Nord Pool Power Market provide 
 an interesting insight to the topic of this thesis, as it closely relates to the research question. However, 
 our readers should note, there are some areas where the article differs significantly from this thesis. 


Firstly, Haugom et al. (2018) utilize weekly futures, and they do not comment on whether a similar 
 pattern of forward premium is, or could be, present in futures with other delivery periods. Secondly, 
 the notion of seasonality is discussed in the article, but the authors do not present whether the forward 
 premium seasonality is stable or evolving over time. Thirdly, it is somewhat unclear which financial 
 derivative is the basis for the research. 


Addressing the first issue; this thesis hypothesizes that monthly futures have a higher open interest 
 than weekly futures, thus making findings associated with monthly futures even more important when 
 assessing whether a forward premium exists in the market. Additionally, even though an analysis of 
 weekly futures will generate significantly more data points compared to monthly futures, there is a 


2 The futures trading exchange for Nordic power, currently owned by Nasdaq OMX  
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 possibility that the results’ reliability is poorer due to the lower liquidity. Furthermore, the practical 
 implications of a forward premium being present in monthly futures will have a greater financial impact. 


Regarding seasonality it must be noted that, should one be able to identify a development in seasonality 
 in the forward premium, this development might be exploitable when implementing a hedging strategy. 


Lastly, as mentioned in Chapter 1. Introduction & Motivation, and which will be further discussed in 
 Chapter  6.  Theories, due to new market regulations, the financial instruments traded with Nordic 
 electric power as the underlying asset have experienced a shift from a de-facto forward contract to 
 futures contracts. The time period Haugom et al. (2018) analyzes covers trading periods prior to new 
 regulations being introduced and enforced, so it might not be possible to interpolate their results in the 
 data period used in this thesis.  



2.4 Literature regarding volatility premiums in the Nordic power market  2.4.1  A  Comparison  of  Implied  and  Realized  Volatility  in  the  Nordic  Power  Forward Market  – Birkelund et al. (2015) 


In their article published in Energy Economics, Birkelund et al. (2015) present their study of implied 
 and realized volatility on options in the Nordic power forward market. The authors of the article were 
 the first to successfully create an implied volatility index on the Nordic forward market. Their findings 
 suggested  that,  since  the  implied  volatility  consistently  on  average  was  higher  than  the  realized 
 volatility in the time period 2005 to 2011, a volatility risk premium might be present. This suggestion 
 is furthermore consistent with related research of a positive volatility risk premium present in other, 
 more traditional financial markets, enhancing the reliability of their findings.  


As will be discussed in Chapter 8. Liquidity analysis, due to limited remaining, knowledgeable market 
 participants and unfavourable capital requirements compliant with new market regulations, options on 
 forwards have nearly disappeared from the market. This implies that the findings of Birkelund et al. 


(2015) relate to a severely illiquid financial market. However, their findings of a volatility risk premium 
 in the time period of 2005 to 2011 serves as a proxy for pricing premiums in general, which adds to the 
 hypothesis that there exists a forward premium on the Nordic financial market for  electric power. 


Finally, their article illustrates that historically there existed a liquid market for options in the Nordic 
market  for  electric  power.  This  raises  the  question  whether  the European  market  infrastructure 
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 regulation  in  its  aim  to  regulate  the  OTC-market,  essentially  removed  an  entire  array  of  financial 
 derivatives available to market participants.  



2.5 Literature on power & commodity hedging 



2.5.1  Using electricity options to hedge against financial risks of power producers - Pineda and Conejo (2013) 


In their article published in Journal of Modern Power Systems and Clean Energy, Pineda and Conejo 
 (2013) outline how options can serve as an integral part of hedging strategies for power producers. The 
 authors highlight mainly two scenarios where options reduce either the price- or availability risks by 
 purchasing a put or a call option. In the first scenario, the power producer purchases a put option to 
 ensure that they are guaranteed a minimum price they will achieve for the power produced. In their 
 second scenario, Pineda and Conejo (2013) suggests purchasing a call option, which gives the power 
 producer the right to purchase power at a given price. They stipulate that many power producers rely 
 on power producing units that may fail, and to mitigate the risk of needing to buy power in the spot 
 market, power producers should purchase call options to ensure they fulfil their obligations. 


In  the  context  of  this  thesis,  Pineda  and  Conejo’s  article  provide  an  interesting  insight  into  the 
 possibilities options on power represents. However, the reader should note that it is unclear which 
 market the authors are analyzing in their article.  


Coherent  with  established  academia  within  the  field  of  financial  derivatives,  Pineda  and  Conejo 
highlight  the  value  of  having  the  option  to  postpone  decision-making  to  a  later  period  in  which 
uncertainty is lower, i.e. whether to exercise an option or not. Both the options and forwards described 
in their article refer to financial derivatives that have physical settlement. As the reader recalls, the 
financial derivatives in the Nordic financial market for power are financially settled, which means there 
is no physical delivery of power. This removes possibility to directly hedge against availability risks, as 
the power producer will fall short of supply no matter which financial instruments are bought if a 
power  producing  unit  fails.  However,  the  power  producer  can  turn  to  the  spot  market  to  buy  the 
electricity needed and offset potential losses with financial gains on derivatives bought and exercised. 
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 Thus, the rationale for buying the options still holds, as the financial flexibility this offers would be 
 valued with power producers. 


Relating the findings from Pineda and Conejo’s (2013) article to Birkelund et al. (2015), the thesis 
 authors see a paradox in that options have disappeared from the spectrum of financial instruments in 
 the Nordic market. A discussion presenting our hypothesis will be held in Chapter 11. Discussion: 


Where are the options? where the possible explanations will be assessed.  



2.5.2  The Collapse of Metallgesellschaft: Unhedgeable Risks, Poor Hedging  Strategy, or Just Bad Luck?  - Edwards and Canter (1995) 


In  their  article  published  in Journal  of  Futures  Markets,  Edwards  and  Canter  (1995)  thoroughly 
 evaluate the hedging strategy of MG Corporation, the US subsidiary of Metallgesellschaft A.G. (MG). 


The hedging strategy employed by MG during the mid-90’s left the company, at the time the 14th
 largest industrial company in Germany, with staggering losses on its positions in energy futures and 
 swaps. Only a $1.9 billion bailout from over 150 German and international banks kept the industry 
 giant  from  bankrupting  due  to  massive  margin  calls.  To  better  understand  what  brought 
 Metallgesellschaft to its knees, Edwards and Canter meticulously walk their readers through which 
 future contractual obligations MG entered, and which financial derivatives they subsequently bought 
 to hedge their position, with the goal of mitigating price risk of said obligations. They further describe 
 which  characteristics  of  the  energy  markets  that,  in  combination  with  a  poorly  executed  hedging 
 strategy, inflicted massive losses on MG.  


In the context of this thesis, the findings of Edwards and Canter (1995) highlight the importance of a 
well-executed  hedging  strategy  where  the  underlying  asset  is  of  a  volatile  nature.  Furthermore,  as 
illustrated in the MG case, a vital aspect to consider when implementing a hedging strategy is the 
hedging ratio, defined as the value protected by the hedge divided by the total value of the position 
(Kenton, 2019b). Furthermore, the financial market characteristics for oil futures described by Edwards 
and Canter (1995) share many similarities as described by Haugom et al. (2019) for the Nordic power 
futures market. This enables the thesis authors to interpolate the findings of Edwards and Canter to 
assess how one can learn from the mistakes made by MG in the 90’s when creating a hedging strategy. 
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 An important aspect to note is that Saunders et al. (2016) in their book Research Methods for Business 
 Students highlight a possible bias represented by reduced relevance if the article being reviewed is 


‘older’ (Saunders, et al., 2019, p. 105). This might seem the case, as the article in question is over 25 
 years old. However, Saunders et al. (2016) present a checklist of criteria, that if met, also ensures 
 relevance. Measured against these criteria, the article adequately meets every one of them. Additionally, 
 the thesis authors view the findings of Edwards and Canter (1995) to be of relevance today as (1) the 
 financial futures markets described exhibits similar characteristics to the ones observable today, (2) 
 the hedging strategies described are possible to recreate today, and (3) to this date, vital findings from 
 MGs hedging strategy are still important to note when creating a hedging strategy. 


  



3. Approach to research question 


A research question is, according to Ib Andersen, developed to optimize a projects progress towards a 
 more precise answer (Andersen, 2013, p. 49). It should be complex, thus require the use of academic 
 literature and theories to optimally investigate the problem properly. The research question in this 
 thesis  is  designed  using  the research  question  model,  where  factors  such  as  motivation,  empirics, 
 perspective, objective and theories are considered (Ankersborg, 2011). This will be further elaborated 
 in the following paragraphs. 



3.1 Motivation for research question 


The research question in this thesis should be designed so that it is interesting for the participants and 
 stakeholders in the Nordic power derivatives market. In other words, the research question should be 
 designed so that banks, market makers, speculators and hedgers all view its findings unbiased and 
 interesting. Existing and relevant research about the Nordic market for power derivatives is limited. 


This entails an increased motivation for designing a research question that will have practical value 
 and be relevant today and in the future. 


These literature sources pertaining to the Nordic power derivatives, the futures market, and hedging 
strategies, enables the reader of this thesis to better understand the framework in which the research 
question presented in the following chapter is framed and responded to.  
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3.2 Empirics  


The  research  question  should  be  designed  so  that  quantitative  and  qualitative  empirics  must  be 
 employed for investigating the research question. Quantitative empirics mainly origin from Nasdaq, 
 Bloomberg, and Montel, whereas qualitative empirics origin from interviews and past research within 
 the field. Due to limited field research and the market’s complexity and distinctiveness, the research 
 question should be designed to have an inductive empirical- rather than a deductive empirical approach. 


The likelihood of finding applicable theories in a distinct market such as the Nordic power market is 
 considered  to  be  low.  Thus,  designing  and  testing  theoretical  hypotheses  is  challenging,  and  the 
 likelihood of falsely rejecting or accepting hypotheses are high. With an inductive empirical approach, 
 theories will instead be used to analyze observed data. This makes it easier to draw reliable conclusions 
 from the thesis’ investigations (Andersen, 2013, p. 31). 



3.3 Perspective 


It is important that the thesis perspective and the research design are consistent with the research 
 question. The research question sets the foundation of the thesis and indicates whether the thesis should 
 be subjective or objective, and with an exploratory-, descriptive-, explanatory- or normative design 
 (Ankersborg, 2011). The complexity of the Nordic market for power derivatives indicates that the 
 thesis should have a descriptive research design in order to be able to describe market characteristics. 


Given the lack of existing clarifying field studies, the thesis should apply an exploratory research design, 
 as one of the research objectives, entail investigating a lesser known market (Andersen, 2013, p. 20). 


Finally, the thesis will have an objective quantitative design as most of the empirics originates from 
 reliable quantitative sources. In other words, by considering the discussed perspectives, the research 
 question  should  be  designed  to  support  an  objective  and  explorative  thesis  with  a  descriptive 
 quantitative research design (Ankersborg, 2011). 



3.4 Objective & Theories 


When investigating the research question, the main objective is to explore and develop a practical-, 
technical-, and financial understanding of the market for Nordic power derivatives. Furthermore, this 
understanding is used to optimize power hedging strategies and to understand how different strategies 
are affected by market premiums. These objectives are fulfilled by applying theories such as Fisher 
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 Blacks model for valuing options, futures- and forward pricing models, as well as econometric- and 
 statistical theory. 



3.5 Presentation of research question 


Based on the above discussion of the research question model, the following research question has been 
 formulated for this thesis: 



“Are derivative pricing premiums present in the Nordic power  market, and how do these influence hedging strategies?”


The following sub-questions are designed to answer the research question methodically: 


1. Which theories are used to research derivative pricing premiums and hedging strategies? 


2.  How is the market for Nordic power derivatives structured, and which market concepts 
 and mechanisms are important? 


3. Which Nordic power derivatives are suitable to be included in hedging strategies today 
 and in the future?  


4.  How  has  the  Nordic  system  price  and  futures  prices  developed  historically  and  is 
 seasonality present in prices?  


5.  Are historical premiums present in liquid Nordic power derivatives? 


6. How can a hedging strategy be structured using the findings about derivative pricing 
 premiums in the market? 



4. Topic delimitations 


When investigating the research question a clear and detailed topic delimitation is important. 
Most analyses in this thesis are based on quantitative data, thus most delimitations are based on data 
limitation boundaries. All delimitations are explicitly stated below. 
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5. Method 



5.1 Research design 


Chapter 3. Approach to research question stated that the research question is designed to support the 
 use of both quantitative and qualitative data collection techniques. According to Saunders et al. (2019) 
 a  research  paper  based  on  multiple  research  methods  have  a  mixed  methods  research  design. 


Furthermore, the thesis is categorized as having a multiple-phase structure. First, qualitative sources, 
 General delimitations


Market This thesis is exclusively a study limited to the Nordic power market and its
 market participants. Other markets are not taken into consideration.


Data period Futures trading data are gathered from 1st of January 2013 to 31st of
 December 2019. Option trading data extends to 28th of February 2020. There
 is no period limitations on qualitatitve data.


Market premium Market premiums are denoted by volatility risk premiums on options and
 forward premiums on futures.


Forward Premium analysis


Data frequency on system price The system price is recorded at a 30-minute basis.


Data frequency on derivatives Futures and option trading data are collected on a daily basis. 


Open Interest on options The liquidity analysis on options are solely based on available trading data on
 Nasdaqomx.com per 28th of February 2020. Due to limited availability of up
 to date option data, the thesis assumes this data returns a correct
 representation of Nordic power option liquidity.


Futures settlement structure Settlement structure of Nordic power futures vary depending on futures being
 average rate futures or standard futures. To decrease complexity, all futures
 are assumed to have settlements equal to the ex-post difference in the average
 futures price and the average system price in current period.


Hedging


Locational Marginal Pricing The system price is used as a proxy for all locational prices on physical power
 within the Nordic countries.


Offset hedging and market positions Optimal hedging strategies are based upon the assumption of both suppliers
 and producers aiming for offset hedges. Furthermore, it is assumed that
 producers (suppliers) continuously hold a long (short) position in the system
 price.


Topic delimitations
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 such as past literature and interviews, are assessed to understand the market and what to expect when 
 conducting  quantitative  analyses  in  the  subsequent  phase.  The  following  phase  evaluates  hedging 
 strategies based on qualitative data before the final quantitative analysis is conducted. In other words, 
 the  thesis  has  a  structure  based  on  multiple  phases  of  data  collection  and  analyses  defined  as  a 
 sequential multi-phase research design to better support quantitative findings with qualitative findings 
 and vice versa (Saunders, et al., 2019, p. 170) (Andersen, 2013).  


Pragmatism and critical realism are two research philosophies often linked with the mixed methods 
 research design. According to pragmatists, research starts with a defined problem where the findings 
 will contribute to practical solutions in the future. Theories and concepts are not considered in its 
 abstract form, but “in terms of the roles they play as instruments of thoughts and action, and in terms 
 of their practical consequences in specific contexts” (Saunders, et al., 2019, p. 143). Pragmatism is a 
 philosophy suitable for developing deep understandings of historical events and make the understanding 
 beneficial  in  the  future.  The  philosophy  has  especially  been  important  when  interpreting  forward 
 premium findings in Chapter 10. Forward premium analysis and to exploit these findings constructing 
 hedging strategies in Chapter 12. Hedging. Critical realism, on the other hand, is a philosophy that 
 views  reality  as  external  and  independent,  and  everything  that  can  be  experienced  are  only 
 manifestations  of  the  real  world.  Researchers  employing  critical  realism  aim  to  be  as  objective  as 
 possible and highlights the importance of viewing the larger picture (Saunders, et al., 2019, p. 138). 


The fact that researchers within critical realism focus on providing explanations for observable events 
 looking  at  underlying  causes,  makes  the  critical  realism  philosophy  applicable  to  this  thesis  as 
 observable samples are used to obtain an impression of the reality. Thus, the thesis is based both on 
 pragmatism and critical realism to obtain findings that are objective, practical and applicable in the 
 future. 



5.2 Data collection 


This thesis is based on quantitative and qualitative data gathered from both primary- and secondary 
sources. The use of secondary sources is done with a critical view to increase reliability and validity 
(Andersen, 2013, p. 84). The secondary sources used in the thesis mainly origin from large market 
participants, market makers and market analysts such as Nasdaq, Bloomberg, Montel, Nord Pool and 
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 Markedskraft. Furthermore, secondary literature such as articles, research papers, and books are used 
 to complement the secondary sources collected from mentioned participants. Additionally, primary 
 data has been collected by conducting research interviews with market experts, aiming to support, 
 complement,  and  fulfill  findings  from  secondary  data.  Finally,  hedging  optimization  based  on 
 qualitative and quantitative findings are conducted in Chapter 12. Hedging to assess which hedging 
 strategies that are most optimal. 



5.2.1 Quantitative data 


Quantitative trading data on futures are collected from Montel, a European information provider for 
 power markets (Montel, 2020). Data points collected from Montel are Open, High, Low, Close, Volume 
 and Open Interest on futures, quoted daily in from January 2013 to December 2019. 


Nasdaq OMX Commodities are used for data collection on options on futures. However, due to limited 
 publicly available information, data regarding options on futures only consist of publicly available data 
 collected on the 28th of February 2020. In other words, option data only consist of Volume, Daily Fix, 
 Open Interest, and contract size in a three-month perspective. The quantitative data collected from 
 Nasdaq are assumed to be highly relevant as they are up to date, and the patterns they exhibit are 
 confirmed  by  industry  experts  at  Nasdaq  (Appendix  5).  Therefore,  as  stated  in Chapter  4.  Topic 
 delimitations, it is assumed that option trading analysis can be completed studying the data set at 
 hand. 


The period chosen when collecting data on futures range from 2013 throughout 2019. Research that 
consider  several  observations  for  many  years  are  defined  as  longitudinal  and results  in  a  powerful 
insight of development throughout time (Saunders, et al., 2019, p. 148). As the thesis aims to use 
historical data to investigate whether a forward premium exist and to use findings to optimize hedging 
strategies in the future, longitudinal studies are assumed to be optimal. Furthermore, seven years of 
historical data are collected for the analyses to diminish non-recurring events’ impact on findings and 
conclusions. As mentioned in Chapter 1. Introduction and Motivation, market regulations affecting 
trading of OTC derivatives on Nordic power were introduced in 2016. A data period lasting from 2013 
to 2020 is chosen to obtain sufficient data points before and after the regulation change. Three years 
of  trading  data  before  the  change  in  trading  regulations  are  assumed  to  be  sufficient  to  develop 
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 understandings of how the market functioned before the change. Furthermore, the market is assumed 
 to have stabilized three years after the introduction of new regulations, thus data collected from 2016 
 to 2020 are representative for how the market has developed and functioned after regulations. 



5.2.2 Qualitative data 


Qualitative data are collected from past literature and research in the field, observations of the market, 
 as well as from conducted interviews. The type of interviews conducted vary with the interviewee and 
 the purpose of the interview. 


Two of the interviews in the thesis are conducted with the industry expert Torbjørn Haugen (LinkedIn, 
 2020). The first interview was conducted in the early stages of the thesis with an exploratory intent. 


Saunders et. al (2019) states that exploratory interviews in an early phase of the research should be 
 non-standardized and semi-structured. In other words, the first interview with Mr. Haugen were based 
 on an interview guide consisting of a predetermined list of themes, with sub-question aimed at guiding 
 the interviewee within the phases. The interview themes and the transcribed interview are found in 
 Appendix 1 and 2, respectively. 


The second interview with Mr. Haugen was more structured, as questions were more specific and based 
 on the authors qualitative and quantitative findings. Interviews that evolve from being explorative to 
 more  concrete  is  by  Saunders  et.  al  (2019)  defined  as  convergent  interviews.  One  advantage  of 
 conducting convergent interviews is that it is an efficient way of converging on important aspects in a 
 research process. Interview themes and the transcribed interview are found in Appendix 3 and 4.  


The second interviewee was derivatives expert Knut Rabbe. Mr. Rabbe’s interview was of a structured 
 nature,  as  questions  were  specific  and  based  on  the  authors  qualitative  and  quantitative  findings. 


Additionally, mail correspondence with Mr. Rabbe prior and after the interview was conducted to 
 clarify key elements. Mail correspondence and the transcribed interview is found in Appendix 5.  



5.3 Data quality issues 


Data quality needs to be considered when collecting data from primary- and secondary sources. On the 
next page is a table containing various issues related to data used in the thesis. 
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 Figure 5.1: Data quality issues 


Source: Authors’ own creation 


Quantitative data may have reliability and validity issues. Data interpretations may be influenced by 
 researcher errors, i.e. misunderstandings, and researcher biases, i.e. subjectivity, which in turn may 
 influence  the  data  analyses.  The  quantitative  data  validity  may  be  affected  by  past  events  and 
 fundamental changes in financial instruments (Saunders, et al., 2019, p. 204). To limit these issues, 
 findings and calculations are closely monitored, and in-depth research and interviews are conducted to 
 identify negative data impacts such as regulatory changes and delisting of derivatives. 


Qualitative data may be affected by reliability issues. The timing of interviews has an impact on later 
 interview  replications  as  markets  develop,  and  interviewer-  and  interviewee  biases  may  impact 
 information  gathered  from  interviews  (Saunders,  et  al.,  2019).  This  especially  holds  true  for  semi-
 structured interviews, and the authors have chosen to conduct all interviews together consequently to 
 decrease the probability of interview biases. 



5.4 Thesis structure 


One of the most important attributes of the method section in a thesis is to have a clear approach, 
 thus, give other researchers the possibility of constructing similar research and/or test findings in the 
 future (Andersen, 2013, p. 16). Research design, data collection and issues regarding the data collection 
 have been presented, and findings on how to limit data quality issues have been discussed. In addition, 
 the research question clearly states the purpose of the thesis. In other words, to complete the method 
 section it is important to design a clearly and defined structure of the research. Below is a figure 


Data type Threat Impact


Quantitative data


Researcher error Reliability
 Researcher bias Reliability


Past events Validity


Instrumentation Validity


Qualitative Data


Time of interview Reliability
 Interviewer bias Reliability
 Interviewee bias Reliability


• Montel


• Nasdaq


• Nord Pool


• Interviews
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 visualizing the structure of the thesis which is designed to optimally answer sub-questions and the 
 research question stated in Chapter 3. Approach to research question. Each chapter is structured with 
 an introduction explaining which sub-question will be answered, followed by subsequent analyses and 
 summaries. 


Figure 5.2: Structure of Thesis 


Source: Authors’ own creation 


Which theories are used to research derivative pricing 
 premiums and hedging strategies?


1


How is the market for Nordic power derivatives structured, and 
 which market concepts and mechanisms are important?


2


Which Nordic power derivatives are suitable to be included 
 in hedging strategies today and in the future? 


3


How has the Nordic power system price and futures prices 
 developed historically, and is seasonality present in prices? 


4


Are historical premiums present in liquid Nordic 
 power derivatives?


5
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 findings about derivative pricing premiums in the market?
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6. Theories 


It is important to establish a broad and concise theoretical basis to successfully investigate the research 
 question.  By  answering  the  sub-question “Which  theories  are  used  to  research  derivative  pricing 
 premiums  and  hedging  strategies?”  readers  are  provided  with  a  theoretical  foundation  to  better 
 understand conducted data processing, analyses and conclusions in this thesis. 



6.1 Options explained 


Options  are  a  subset  of  financial  derivatives  that  gives  the  option  holder  the  right,  but  not  the 
 obligation to purchase or sell the underlying asset at an agreed upon price. Dependent upon the market 
 view of the market participant, a long or short position in the underlying asset can be achieved by 
 either buying or issuing various styles of options. In the following paragraphs, the most common types 
 of options used on the power market will be explained both in theory and practice.  


Options  can  either  be  American  or  European,  which  refers  to  when  an  option  can  be  exercised. 


American options can be exercised at any time up to its expiration date, whereas a European option 
 is exercisable only on its expiration date (Hull, 2018, p. 235). Options traded with power futures as the 
 underlying asset are exercised as European styled options (Nasdaq, 2018). European style options are 
 further divided into put and call options3. A call option is defined as the right, but not the obligation 
 to buy the underlying asset, in other words, the investor buying a call-option has a market view that 
 the underlying asset will increase its intrinsic value. A put option is defined as the right, but not the 
 obligation to sell the underlying asset, which entails the investor buying a put option is betting on a 
 decrease in value of the underlying asset (Hull, 2018, p. 235). 


In addition to European options, a common type of options traded with power are called Asian options, 
 a subset of exotic options. The payoff from an Asian option is determined by the average price of the 
 underlying asset over a pre-determined time period (Chen, 2018). Asian options are often used when 
 the underlying asset is highly volatile and is thus a good fit for electricity due to its intrinsic volatility. 


3 The same holds true for American options, however, they are not traded in relation to Nordic power. 
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 In  order  to  purchase  either  a  put  or  call  option,  the  investor  requires  a  counterparty  to  issue  the 
 options, often referred to as the option writer. The writer of an option receives cash up front for the 
 option but is potentially liable at the exercise date should the option purchaser chose to exercise their 
 right to either buy or sell the underlying asset (Hull, 2018, p. 237). This entails that there are four 
 types of option positions: (1) a long position in a call option, (2) a long position in a put option, (3) a 
 short position in a call option and, (4) a short position in a put option. 


It is often useful to characterize a European option in terms of payoff to the purchaser of the option, 
 in which the initial cost of the option is excluded. If K is the options’ strike price and ST the price of 
 the underlying asset at expiration, the payoff from a long position in a European call option is expressed 
 as 


𝑚𝑎𝑥(𝑆!− 𝐾, 0) Equation 1 


This reflects the underlying rational mechanism that the option will only be exercised if 𝑆! > 𝐾 and 
 will not be exercised if 𝑆! ≤ 𝐾. The payoff from a short position in the European call option is 


− max(𝑆!− 𝐾, 0) = min(𝐾 − 𝑆!, 0)  Equation 2 
 The payoff from a long position in a European put option is 


max (𝐾 − 𝑆!, 0)  Equation 3 


and the payoff from a short position in a European put option is 


− max(𝐾 − 𝑆!, 0) = min(𝑆!− 𝐾, 0) Equation 4 


To better understand the payoffs, figure 6.1 illustrates the various examples. 
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 Figure 6.1: Options payoff 


Source: Authors’ own creation 


The formulas for payoffs are presented in their generic form with the underlying asset being a stock, 
 however,  the  payoffs  are  identical  when  the  underlying  is  a  futures  contract.  The  practical 
 interpretation of this is substituting 𝑆! with 𝐹" (Hull, 2018, p. 414). A common misconception regarding 
 options on futures is that the underlying asset is the spot price relevant to the future, however this is 
 incorrect. The notation 𝐹" is the futures price at the time of the exercise. 


Options are usually valued by utilizing the Black-Scholes-Merton model, however, options on futures 
 are most commonly valued by using the Black-model. The reason for this is that the Black-model does 
 not require the estimation of the income (or convenience yield) of the underlying asset. By using the 
 futures or forward price, it incorporates the market estimates of said income (Hull, 2018, p. 416).  


Fisher Black was the first to accurately value European futures options in his article The Pricing of 
 Commodity Contracts first published in 1976 (Hull, 2018, p. 414). Assuming that the futures price 
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 follows a lognormal process, the European call price c and the European put price p for futures options 
 are 


𝑐 = 𝑒#$![𝐹"𝑁(𝑑%) − 𝐾𝑁(𝑑&)]  Equation 5 
 𝑝 = 𝑒#$![𝐾𝑁(−𝑑&) − 𝐹"𝑁(−𝑑%)]  Equation 6 
 Where, 


𝑑%=ln (𝐹"/𝐾) + 𝜎&𝑇/2


𝜎√𝑇 Equation 7 


𝑑& =ln (𝐹"/𝐾) − 𝜎&𝑇/2


𝜎√𝑇 = 𝑑%− 𝜎√𝑇  Equation 8 
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= 𝑐𝑢𝑚𝑢𝑙𝑡𝑎𝑡𝑖𝑣𝑒 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑛𝑜𝑟𝑚𝑎𝑙 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 


Equation 9 


and 𝜎 is the volatility of the futures price, 𝐹" is the futures price, 𝐾 is the strike price, r is the risk-free 
 rate and T the time to maturity (Hull, 2018, p. 414). 


When determining an option premium, there are mainly two aspects worth considering; intrinsic value 
 and time value. The intrinsic value of an option is an option’s inherent value, illustrated by the spread 
 between the option’s strike price and the current spot price. Should a call option have a strike of €40 
 and the underlying asset currently is trading at €45, the intrinsic value is €5. However, the option in 
 this example might trade at €7, where the additional €2 is, ‘unaccounted for’, and is what makes for 
 the time value. The price of time value is the additional price premium that represents the time to 
 maturity.  This is  influenced  by  a  range  of  factors  from  interest  rates,  stock-  and  strike  price,  and 
 implied volatility. Of these factors, implied volatility is the most significant factor (Kohler, 2019). 


Having identified the various parameters needed to price an option, one can consider reverse engineering 
implied volatility from the option’s quoted price. The exercise price is known, and the price of an 
option, the price of the underlying asset, risk-free rate, and time to maturity are all observable in the 
financial  markets,  which  together  can  yield  the  implied  volatility.  This  implied  volatility  indicates 



(26)25 
 whether  an  option  is  ‘cheap’  or  ‘expensive’  relative  to  its  previous  price  trajectory.  If  the  implied 
 volatility  of  an  option  rises,  as  will  the  price  of  said  option;  with  the  opposite  also  being  true  for 
 declining implied volatility and declining prices. How an option might respond to changes in implied 
 volatility  will  depend  on  a  range  of  factors,  such  as  time  to  maturity,  and  their  degree  of  in-the-
 moneyness (out-of-moneyness / at-the-moneyness). Studying the development of the implied volatility 
 over time will indicate how market participants are anticipating the underlying asset will develop over 
 time (Kohler, 2019). 


Ex-post comparison of an option’s implied volatility with realized volatility indicate whether the option 
 was  cheap  or  expensive.  Options  with  higher  implied  volatility  than  realized  volatility  have  been 
 expensive, indicating that a volatility risk premium have been present in the market. The mechanism 
 for market participants buying options at a premium are often associated with either inefficient markets 
 or  that  the  option  purchaser  is  willing  to  pay  more  to  achieve  volatility  risk  mitigation  from  the 
 underlying asset.  



6.2 Futures explained  


Futures contracts are a subset of financial derivatives that constitutes a legal agreement to buy or sell 
 a certain commodity asset or security at a predetermined price at a specified time in the future (Hull, 
 2018, p. 30). Dependent upon the market view of the market participant, a long or short position in 
 the underlying asset can be achieved by either purchasing or selling a futures contract. In the following 
 paragraphs, futures and futures pricing theory will be explained in relation to the theory of storage. 


When buying a futures contract, the buyer is usually obligated to buy and receive the underlying asset 
when  the  futures  contract  expires  (Hull,  2018,  p.  30).  Similarly,  the  seller  of  a  futures  contract  is 
obligated to provide and deliver the underlying asset at the expiration date. However, when it comes 
to the delivery and reception of the underlying asset, the settlement procedures vary dependent upon 
the counterparties in the transactions. Speculators are seldom interested in the physical reception or 
delivery of the underlying asset and will “close out” their position by entering an opposing trade to 
cancel  out  their  original  position  or  selling  the  contract  at  the  market.  Additionally,  there  exists 
contracts that never entail physical delivery, but rather constitute a cash settlement calculated as the 
spread between the spot price in the delivery period and the agreed upon futures price. Such a contract 
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 is considered to be financially settled, and due to the nature of the underlying product, all power futures 
 traded on the Nordic power market are financially settled. 


As can be deduced from the titles in the literary review, both futures- and forwards contracts have 
 traded  with  Nordic  power  as  the  underlying  asset.  To  understand  the  current  offering  of financial 
 products, it is useful to consider the historical derivatives traded with Nordic power as the underlying 
 asset. A futures contract is a standardized, legally binding contract between two parties outlining the 
 details of the transaction. A forward contract is similar to a futures contract in the aspect that they 
 both trade on the same underlying asset, but a forward contract trades over-the-counter (OTC) and 
 have customizable terms (Hull, 2018, p. 28). 


To potentially increase the confusion, a derivative called DS Futures has historically been traded, and 
 was  a  hybrid  between  a  futures  contract  and  a  forward.  A  DS  Futures  was  a  so-called deferred 
 settlement futures contract, where mark-to-market value were accumulated in the trading period and 
 realized in the delivery period (Nasdaq, 2020a). Due to their settlement structure, DS Futures were 
 essentially traded as forward contracts (Reuters, 2015), where contract holders needed to provide only 
 20 per cent of equity thus levering their positions (Appendix 2). However, as the European Union in 
 the years after the financial crisis of 2008 identified significant risks in OTC derivatives markets, the 
 EU adopted the European market infrastructure regulation (EMIR) in 2012. EMIR aimed to increase 
 transparency in the OTC derivatives market, mitigate credit risk and reduce operational risk (European 
 Commission,  2020a).  As  a  result  of  this,  Nasdaq  moved  their  market  making  from DS  Futures  to 
 futures on the 21st of November 2016. As some DS Futures had a long time to maturity, some remaining 
 contracts are still being traded, but Nasdaq continuously remove contracts where the open interest is 
 zero. Additionally, Nasdaq offers their customers to convert DS Futures to regular futures, to increase 
 the trading volume in these (Appendix 5). This has led to ordinary futures contracts being the most 
 traded financial derivative with Nordic power as the underlying asset. 


The futures contracts being traded have a delivery period of either days, weeks, months, quarters, or 
years.  In  some  of  the  contracts,  the  futures  contract  will cascade  into  other  futures  contracts.  An 
example of cascading is quarterly contracts, which on expiry will cascade into three monthly contracts 
spanning the same delivery period as the quarter (Nasdaq, 2020a). 
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6.2.1 Valuing futures 


The price of a futures contract is determined by a set of assumptions that in a liquid market holds 
 true. Courtesy of arbitrageurs, the price of a futures contract without income or yield is determined 
 by: 


𝐹"= 𝑆"𝑒$! Equation 10 


Where, 𝐹" is the price of the futures contract at time t, 𝑆" is the spot price of the underlying at time 
 t, r is the interest rate and T is the time to maturity (Hull, 2018, p. 149). As the futures on the Nordic 
 power market are financially settled, there is no physical storage of the commodity, in this case, power. 


Thus, there is zero known income generated by the underlying asset in the holding period. 


Having assessed the standard method for futures pricing, it is useful to consider the two most popular 
 schools for explaining the pricing of the underlying contracts. It is important to note that the two 
 schools offer alternative, but not competing views on how futures pricing can be explained. 



6.2.2 The theory of storage 


The  theory  of  storage  by  Kaldor  (1939),  Working  (1948)  and  Brennan  (1958)  explains  the  spread 
 between the current spot price and the current futures price, with factors such as interest forgone by 
 storing the underlying commodity, warehouse costs and a convenience yield on the inventory. One 
 recalls that power futures differ from traditional futures due to their financial settlements. Additionally, 
 the storage of power is only done as a price-arbitrage play; and is not economically viable in a large 
 scale in most states of the market. This implies that the explanation of difference between the current 
 spot price and the current futures price, probably lies elsewhere. 



6.2.3 Forward premium 


The article Commodity Futures Prices: Some Evidence on Forecast Power, Premiums, and the Theory 
of Storage by Eugene F. Fama and Kenneth R. French (1987) finds that the spread between the current 
futures price and the current spot price can be expressed as the sum of an expected premium and an 
expected change in the spot price. The generic formula is expressed as: 
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𝐹),)+!− 𝑆) = 𝐸)[𝑆)+!− 𝑆)] + 𝐹𝑃)+!,- Equation 11 


Where 𝐹),)+! is the futures price at time t with a holding period of T and delivery in t + T, and 𝑆) is 
 the spot price at time t. From Fama and French’s (1987) definition, the forward premium 𝐹𝑃)+!,-  is the 
 expected, ex-ante, forward premium expressed as: 


𝐹𝑃)+!,- = 𝐹),)+!− 𝐸)[𝑆)+!] Equation 12 


The issue of determining the ex-ante forward premium lies in the last term of the equation, the expected 
 spot price, 𝐸)[𝑆)+!]. As the expected spot price is subject to the model applied to induce an expected 
 spot price from market data, the common practice by researchers is to investigate the ex-post forward 
 premium, defined as: 


𝐹𝑃)+!,. = 𝐹),)+!− 𝑆)+! Equation 13 


Where  𝑆)+! is the realized spot price in delivery period t + T. The relationship between the ex-post 
 and the ex-ante forward premium can be expressed as follows:  


𝐹𝑃)+!,. = 𝐹𝑃)+!,- + 𝐸)[𝑆)+!] − 𝑆)+! Equation 14 


This means that the ex-post forward premium is the sum of the ex-ante forward premium and the 
 spread between the realized spot price and the expected spot price. 


Having assessed how futures contracts work and how they are priced, a practical assessment on the 
 markets they trade will be performed in Chapter 7. Definitions. 



6.3 Ordinary Least Squares (OLS) regression 


Ordinary  Least  Squares  (OLS)  regression  is  a  method  used  to  analyze  the  relationship  between 
variables. This thesis utilizes OLS regression to test whether potential systematic forward premiums 
are statistically significant. The regression can be both univariate, with one explanatory variable, or 
multivariate with multiple variables. An ordinary least squares regression is based upon minimizing 
the  squared  distance  between  data  points  and  estimated  parameters.  This  subsection  explains  the 
fundamental  principles  of  OLS  regression  models  and  how  to  test  its  assumptions.  Furthermore, 
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 theories outlining significance tests are explained and illustrated. Finally, the thesis’ application of the 
 unbiased forward rate hypothesis (UFH) is explained by the use of standard OLS regression theory. 



6.3.1 Univariate linear regression 


The univariate linear regression model consists of one explanatory variable and one response variable. 


The model is regressed using the following formula (Weisberg, 2005, p. 19): 


𝑦 = 𝛼 + 𝛽𝑥/+ 𝜖/ Equation 15 


In a linear regression model, two parameters are estimated. The first parameter, alpha (𝛼), is equal to 
 the regressed intercept, whereas the second parameter, beta, is interpreted as the rate of change in 
 response variable (y-axis) if explanatory variable (x-axis) changes by one unit. The standard formula 
 for 𝛼 and 𝛽 is shown below together with a graphical illustration of the two parameters and response- 
 and explanatory variables (Weisberg, 2005, p. 21). 


𝛼 = 𝑦 − 𝛽𝑥, 𝑥 =∑𝑥/


𝑛 , 𝑦 =∑𝑦/


𝑛 Equation 16 


𝛽 =∑(x0− x)(y0− y)


∑(𝑥/− 𝑥)& Equation 17 


Figure 6.2: Ordinary Least Squares Regression illustrated 


Source: Authors’ own creation 
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 Both 𝛼 and 𝛽 is estimated to minimize the sum of squared errors of each data point, where error of 
 each observed data point is calculated as:  


𝜖/= 𝑦/− 𝛼 − 𝛽𝑥/ Equation 18 


When using OLS regression the following assumptions are made (Frost, 2018): 


1. Data generating process is linear: 𝑦! = 𝛼 + 𝛽𝑥! + 𝜖!. 
 2. n observations of 𝑥! are fixed numbers. 


3. n error terms 𝜖! are random, with 𝐸(𝜖!) = 0. 


4. Variance of n errors is fixed: 𝐸(𝜖!") = 𝜎". 
 5. Errors are uncorrelated: 𝐸(𝜖!, 𝜖# ) = 0 ∀ 𝑖 ≠ 𝑗. 


6.  𝛼 and 𝛽 are unknown but fixed for all observations. 


7.  𝜖$, … , 𝜖% are jointly normally distributed. 



6.3.2 OLS regression with seasonal dummy variables 


An OLS regression with dummy variables is defined as a model which includes binary coded variables. 


An OLS regression with j categories has a total of 𝑗 − 1 dummy variables, and the category not given 
 a dummy is defined as the reference group (Hardy, 1993, p. 8). An OLS regression with four seasonal 
 categories and winter as the reference group has the following formula: 


𝑌/ = 𝛼 + 𝛽 ∗ 𝑥/+ 𝐷1.$/23∗ 𝑥1.$/23+ 𝐷1455,$∗ 𝑥1455,$+ 𝐷6-77∗ 𝑥6-77+ 𝜖/  Equation 19 


The seasonal x’s from the model are binary dummy variables and have a value of one if the observations 
are recorded within its associated category and a value of zero otherwise. The D-values are regression 
coefficients associated with the dummy variables affecting the value of Y positively or negatively. A 
positive regression coefficient indicates increasing values of 𝑌/ for the associated category in relation to 
the reference group (Hardy, 1993, p. 20). 
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