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ABSTRACT 
This master thesis investigates and answers three fundamental questions regarding structural 

changes of a future market. This has been done by analysing and comparing three commodity 

markets with the Nordic electricity market. Examined commodity markets are LME steel billet, 

CME lean hogs and WTI & Brent crude oil. The report consists of a literature review with a 

theoretical background, CATWOE and a case analysis of each commodity market. The markets 

are thereafter analysed, compared and discussed regarding the research questions. 

It is concluded that the Nordic electricity market is in many ways comparable to other commodi-

ties, although it has some special characteristics. Key factors determining market success have 

been identified as (1) correlation between perceived risk and derivative risk, (2) trust for and 

experience of trading institutions and trading environment and (3) expectations. Based on the 

findings a new conceptual measure for market liquidity, Relative Market Liquidity, is introduced 

and discussed. The comparison in this thesis is based on the Nordic electricity market, but much 

of the results are applicable to other commodity markets. 

The thesis has been written during spring 2013 at the Royal Institute of Technology Department 

of Energy Technology in co-operation with Vattenfall AB. 

Key words: Nordic electricity, steel billet, lean hogs, crude oil, hedging, future markets, commodi-

ties, market structure. 
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SECTION 1 – INTRODUCTION 
The introducing section presents the issue to be studied, defines the problem and creates a 

framework for the reminder of the thesis by postulating research problem and purpose. 

1 BACKGROUND 
Commodity markets have during centuries grown in market size considering participants and 

geographical spread. Expansion has been made possible as infrastructural solutions enabled 

transportation of goods between areas. This has also increased competition between different 

actors, and fundamentally transformed industrial process. The industrial revolution has resulted 

in mass production of commodities and goods that now are traded on a global basis. There are, 

however, some goods that have been excluded from this development. These are primary goods 

with low storability, high bulk volumes (costly to transport) or a need of special built infrastruc-

ture, such as electricity. 

However, local goods are also being globalised. Currently, the Nordic electricity market is 

expanding, as the EU-plans of electricity harmonisation prompts that European utility grids in 

the future will be linked by high-capacity interconnectors. This will not only affect the physical 

electricity markets with the ability of import and/or export electricity, but also the financial 

markets. During the expansion of commodity markets financial derivatives offered for securing 

future price risk, also have changed. Even relatively small market changes can affect the com-

modity hedging instruments to a large extent. Experience from other commodity market transi-

tions, can thus provide some significant indications for how financial markets change when 

physical markets grow. These findings are highly important for market actors making large 

investments in production or consumption of commodities. 

2 RESEARCH PROBLEM 
Currently the Nordic power market is becoming more and more integrated with neighbouring 

markets. When this development continues new challenges for the market structure arise. One 

of the challenges is the hedging procedure. Today, the hedging is made primarily with two 

financial derivatives. One that hedge the risk against system price (also referred to as reference 

price for hedging), and Contracts for Difference that hedge the risk between system price and 

area prices. The reference price for hedging is calculated as the intersection between supply and 

demand of electricity, with no considerations of transmission limitations within the system. 

Among some actors there is a growing concern that an enlargement of the electricity market to 

more price areas will make the system price deviate from area prices to a greater extent. This 

could cause the system price to be regarded as increasingly artificial, and in turn increase the 

need for complementary hedging. Thus, there is reason to investigate how the electricity market 

would function if the system price setting is changed. 

The academic concept to be challenged is that electricity trade and division of the Nordic 

financial electricity market into more price areas is not feasible, since market size and liquidity 

would be insufficient. Kristiansen (2004, p. 691) claims: 
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“New forward area price contracts could also be introduced, but they would split the 

total liquidity among several products, and are therefore rejected(by the market 

players Editor’s note).” 

There is a perception that the price areas would be too small to acquire sufficient liquidity for 

creating an efficient market(s). Also  Radetzki (2008, p. 87) postulate: 

“There must be many buyers and sellers providing sufficient liquidity for continous 

market quotations” 

The research problem is defined as: 

Price risk is an important factor on commodity markets. The risk management process, hedging, 

ought to be handled in a similar manner on all commodity markets and have distinct characteris-

tics. Thus, by studying multiple commodity markets it should be possible to find characteristics of 

hedging instrument pricing, and transfer them to the Nordic electricity market. 

3 PURPOSE 
The purpose of this study is to compare hedging- and market structures in the Nordic electricity 

market with other commodity markets, using a cross-sectional study within accepted economic 

theory, resulting in an analysis of how the Nordic electricity market would  be affected by a 

structure transition. 

The purpose can be divided into three main goals. 

 Describe the current Nordic electricity market and present financial data. 

 

 Analyse different markets for commodities concerning pricing and hedging. 

 

 Compare the selected commodity markets with the Nordic electricity market and analyse 

in what way it would be affected by a further market changes.  

The unit of analysis is therefore primarily commodity market structures, and secondarily the 

Nordic electricity market to create a reference case. 
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SECTION 2 - METHODOLOGY  
This section describes the methodological approach of the study by defining the research 

paradigm, methodology, methods used and why these were chosen. The limitations and main 

research questions are also located under this section.  

4 PERCEPTION OF FUNDAMENTAL ASSUMPTIONS 
The nature of approach for this study is merely a combination between interpretivism and 

positivism. Market structures are strongly dependent on both mathematical and behavioural 

economics, which prompts for the thesis to be constructed in a similar manner. For this reason, 

reality will be considered as a contextual field of information (Collis & Hussey, 2009, p. 61). The 

knowledge will be created from mapping contexts and interpret them with both mathematical 

and discussion-based approaches. Thus the methods, described below, are sought to enable both 

approaches. The goal of this study is to understand the underlying mechanisms of commodity 

markets and apply these on the Nordic electricity market. However, there is no possibility of 

reaching absolute truth. Conclusions are interpretations of source data, and should therefore be 

considered as probable outcomes rather than absolute truths. This paradigm is called Critical 

realism and is widely used by researchers. Bisman (2010) discusses the paradigm and concludes 

that it is very suitable for studies where the expected results are plausible but not explicit 

explanations of a phenomenon.  
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5 METHODS 
This paragraph describes the methods used when this study was conducted. The study has been 

conducted by following a series of predefined steps illustrated in Figure 1 and described in detail 

below.  

 
FIGURE 1, Illustration of the research process 

5.1 STEP 1 - SYSTEM FRAMEWORK 

The initial step seeks to define the key characteristics, and establish a framework for the com-

modity market study. Since this thesis is interpretivistic, there is need for having a system 

framework capturing characteristics of the market systems. For this reason, a method clearly 

stating and defining purpose of the system, different system players and circumstantial factors 

affecting their acting on the marketplaces has been sought. One method clearly showing these 

system aspects is the CATWOE, described below. 

The framework consists of two parts, firstly a CATWOE analysis and definition of the system 

under study, secondly a quantitative and qualitative case study of the commodity market. See 

Figure 2 below. Thereafter the two parts are combined in order to reach conclusions.  

Step 4 – Comparison between the Nordic electricity market and the  

analysed commodity markets 

Step 3 – Iterative application of the framework on commodity markets 

Step 2 – Application of the framework on the Nordic electricity market 

 

Analysis Conclusions Discussion 

1. Define the markets and parameters to 
be analysed 

2. Investigate commodity markets 

3. Benchmark towards the Nordic 
electricity market 

4. Make conclusions 

5. Determine if sufficient knowledge has 
been attained 

6. If attained conclude the study 
otherwise start again from step 1 

Case study CATWOE 

Step 1 – Development of a system framework 

 CATWOE Case study 

Step 1 – Development of a system framework 
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FIGURE 2, FRAMEWORK FOR MARKET ANALYSIS 

Commodity markets are typical human activity systems, which are built by and constitute of 

people and organisations that interact with each other. The CATWOE framework is by many 

perceived as a good way of describing soft systems dynamics by introducing system limits and 

find the system’s purpose. It was proposed by Peter Checkland in mid-1960, and has since then 

been widely used by system thinkers and modellers. The purpose of the CATWOE in this study is 

to define and describe the market structure in a systematic and comparable manner (Checkland, 

1999). The model is for this reason not used in the latter part of the framework, where the 

market is studied as a specific case (Collis & Hussey, 2009, p. 82). The case studies are individual 

descriptions of the commodity markets modified in structure, in order to capture the most 

important characteristics for the comparison. Thus, the cases are not identical when it comes to 

methods and structure and should be seen as individual contributions to the main study. The 

division of the market studies into these two parts enables the possibility to compare the 

markets in a standardised manner and also to include qualitative focus on specific parts of the 

market, giving the study both quantitative and qualitative aspects. Simplified the CATWOE 

represents objective quantity and the case studies represents subjective depth. 

5.1.1 CATWOE – DESCRIPTION OF A HUMAN ACTIVITY SYSTEM 

CATWOE is a framework developed by Peter Checkland and describes a human activity system 

(Checkland, 1999). The framework has, to our knowledge, not been applied to a commodity 

market and will therefore be extra valuable to the society’s knowledge base. Commodity mar-

kets are quite similar in structure and purpose. The CATWOE is therefore applied in an in-depth 

manner. This in order to find the specific characteristics that differ between the markets rather 

than describing same phenomenon several times. This also means that some parts which could 

be important in other studies have been left out. Figure 3 below illustrates the CATWOE-

framework and its components. The key functions and questions are modified to fit commodity 

markets and to highlight the important parts for this study.  

CATWOE 

1. Customers 
2. The Actors 
3. Transformations 
4. World view 
5. Owners 
6. Environment 

Case study 

1. Define the case 
2. Present supporting data 
3. Provide a qualitative and 

quantitative analysis 

Conclusions 

1. Bullet points 
2. Presents the new in-

formation conducted 
from the case. 
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FIGURE 3, CATWOE METHODOLOGY APPLIED BY THE AUTHORS ON COMMODITY MARKETS, ORIGINALLY FROM CHECKLAND 

(1999, PP. 286-288) 

• Define the risk profiles of the customers, which lead to the typical 
  future curves for the market  
•Who are the beneficiaries and/or victims in the system and why? (In 

commodity markets the players which risk profile changes) 
•Why does their risk change? 
•Define and describe the risk aversion profiles of the customers. 
•Describe the typical future curve and localise the risk premium. 

Customers  

(C) 

• Define all actors at the market and their functions.  
•Which key actors are there in the system? 
•What is their action pattern? 
•What are the underlying motives and drivers? 

The Actors 

(A) 

• Define the processes used.  
  All marketplace related questions should be answered within this  
  element. 
•Which markets are there? 
•Which instruments are traded? 
•What are the volumes traded? 
•How are the settlements done? 
•What support functions are there? 

Transformation 

(T) 

• Define the fundamental assumptions and standpoints of all  
  actors on the markets.  
 What would happen if the market is terminated?  
•What is the risk transferred? 
•Why is that considered a risk and why do someone want to change it? 
•What is special with this market compared to a general commodity? 

World view 

(W) 

• Define who can affect the market and more explicitly who can 
  terminate it? 
•Who has the power to interrupt the system? 
•Are there dominant customers? 
•Are there institutional owners? 
•Are there dominant institutional owners? 

System owners 

(O) 

• Define the environmental constraints for the market.  
  For example, are there harsh legal restraints, is the 
  climate significant? 
•What environmental constraints are there? 
•Which of the above are the dominant ones? 
•Which of the above are characteristic for this market? 

Environmental 
constraints 

 (E) 
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 Customers are the ones affected by the system. Simplified the commodity markets are 

transformations of risk from one party to another. The system input is a group of players 

with a specific risk profile which is rearranged to a different profile, the output of the 

process. Thus the customers of the commodity markets are the ones who at some point 

carry risk. Typically the customers consist of three players categories; producers of the 

underlying asset, consumers of the underlying asset and speculators1. In addition to de-

fining the customers this section also defines their risk profiles, the degree of risk aver-

sion they perceive. The possible premiums being transferred are also identified and de-

scribed. 

 

 Actors are the ones operating within the system. They carry out the operations and im-

pact the system in a variety of ways. In commodity markets this is a much broader group 

than the customers and includes also advisors, clearinghouses and other support func-

tions. 

 

 Transformation is the definition of the processes within the system. On commodity mar-

kets, the main process is repackaging risk for the consumers. This can be done in several 

ways and via a variety of locations. The trade process is usually defined by an exchange, 

such as LME2, CBOT3 or NYMEX4. They provide the platform for the market to act on. 

Hence, the process itself is very similar for all commodity markets. The focus of this 

study is to define the market structures. Typically defining the locations, instruments, 

settlement types, volumes and the support functions of the market. 

 

 World view are the agreed upon questions that actors solve, creating fundamental as-

sumptions and standpoints for all actors on the markets. It defines the underlying pur-

pose, problems and/or opportunities causing the system to exist. For commodity mar-

kets the problem and opportunity is risk. Customers have different risk aversion and 

therefore want to change their risk profile. They either desire to reduce or to increase 

their exposure for a certain risk. This section describes the underlying asset, why it is 

considered a risk and what is special for that particular market. Key elements in this sec-

tion are the reasons for fluctuations, seasonal variations, storability of the good, cost of 

carry and transportation limitations. 

 

 Owners are proprietors of the system, or in other works the ones who can stop the sys-

tem. In commodity markets the owners are typically the customers. The core value of the 

markets is the customer’s positions on the market. If a player decides to not act on the 

market a portion of the market is lost with the player. In the same way when a player en-

ters the market a new piece is added to the market making it expand. If no one wants to 

use the market, it becomes obsolete. Thus the owners are the customers and not the ex-

changes, hence they cannot by themselves start or stop the trade. Exchanges are only 

support functions for the market. In this study, the owners section focuses on these 

                                                             
1 In this thesis the term speculators include all actors with risk exposure without actual exposure to the 
underlying risk. Thus including investors, traders etc. 
2 London Metal Exchange 
3 Chicago Board of Trading, a commodity exchange in Chicago 
4 New York Mercantile Exchange 
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structures, especially the balance between different types of owners and market power 

distribution among them. 

 

 Environment is the setting of the market. It contains the conditions the actors need to act 
upon, which they have no control over. For commodity markets this section typically in-
cludes climate, legal aspects, entry- and exit barriers etc. Focus in this study is on the 
dominating conditions, for example some markets are not affected by weather and for 
some it is the dominant factor. For example, the hog farrowing is much more dependent 
of weather conditions than production of metals. Thus it is logical to discuss weather 
within the lean hogs section, and not in the metal section. 

5.1.2 CASE STUDY 

The CATWOE is in this report a standardised description of the market under the study enabling 

an easy comparison of the markets. Although it is an applicable framework it has limitations and 

some interesting phenomena could be lost. In order to capture interesting phenomenas a case 

study is also conducted. The purpose of a case study is to add both qualitative and quantitative 

information about the phenomena in a natural setting using a variety of methods (Collis & 

Hussey, 2009, p. 82). The studies are conducted in an interpretivistic manner, which means that 

focus is put on specific cases rather than the market as a whole (Collis & Hussey, 2009, p. 72). 

These case studies are in-depth dives into interesting phenomena’s identified from the CATWOE. 

The methods used in the case study are quantitative analysis of financial data, literature review 

and semi-structured interviews. 

5.2 STEP 2 – THE NORDIC ELECTRICITY MARKET 

In the second step the framework is applied on the Nordic electricity market, and the inherent 

characteristics of it are analysed. An extensive study of the Nordic electricity market will be 

conducted, containing elements described above. Financial data with focus on forward prices, 

and its coherence with the system price, will function as a base of comparison with the other 

commodities’ markets. Also other key values, such as market liquidity and open interest will be 

sought after. 

5.3 STEP 3 – ITERATIVE INVESTIGATION OF COMMODITY MARKETS 

In step three the reference cases to the Nordic electricity market are investigated using the same 

framework. The focus of the study is on commodity markets other than the Nordic electricity 

market, aiming to find similarities with the latter. The studied commodities are intended to be 

similar to, and have gone through similar historical transition phases as the Nordic electricity 

market. Since the Nordic electricity market is rather special, case studies within the chosen 

commodity markets illustrate different characteristics and aspects of market development. 

When put together, the cases give a more holistic view of market dynamics.  

The conceptual method used is to apply the framework defined in step 1 on chosen commodity 

markets using an iterative research protocol illustrated in Figure 4 below. The process starts in 

stage 1 by defining the investigated parameters, which are based on the current knowledge of 

the commodity markets. Thereafter in stage 2 and 3 the market is investigated, analysed and 

benchmarked against the Nordic electricity market based on the criteria defined in stage 1. In 

stage 4 conclusions are drawn from the analysis and then move on to stage 5, in which the aim is 

to determine whether or not knowledge of the market has reached a sufficient level for conduct-
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ing the overall analysis. If not, a new loop of research is conducted. This process repeats itself 

until an adequate level is reached, based on quality of findings and time limitations. The key 

values are initially thought to be, but not limited to; market liquidity, open interest, clearing 

volumes and buy- and sell rates of commodities and electricity.  

 

FIGURE 4, ITERATIVE RESEARCH PROCESS 

These analyses are complemented by qualitative interviews with key persons possessing 

knowledge from one or several of the studied markets. The goal with the interviews is to 

increase the overall understanding of the markets and to make the empirical analysis more 

accurate. 

5.4 STEP 4 – COMPARISON OF THE NORDIC ELECTRICITY MARKET AND THE OTHER COM-

MODITY MARKETS 

The method used in the fourth step is a cross-sectional study. The results of analyses performed 

on commodities will be compared with the results from analysis regarding the Nordic electricity 

market, using accepted economic and behavioural models. Similar features between markets 

will be analysed further in order to foresee possible market behaviours and implications that 

will occur if the Nordic electricity market is liberalised. A discussion of the comparison’s results 

will be conducted at a workshop, leading to a number of conclusions regarding the anticipated 

behaviour of a liberalised electricity market. The conclusions will also, based on the results, 

answer whether it would be wise or not to reform the market, considering the coming geograph-

ical expansions. 

  

3. Benchmark towards the 
Nordic electricity market 
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sufficient knowledge 
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6 LIMITATIONS AND DELIMITATIONS 
This thesis is limited to: 

 Studying commodity markets that have an established futures trading and have public 

data available.  

 

 Investigating implications of the findings are described only for the Nordic electricity 

market structure, primarily regarding actors involved with electricity production and 

hedging of ditto.  

 

 Analysing the effects primarily on Swedish market structure, if the implications prove to 

differ between countries. This can be a result of e.g. different taxation policies. 

 

 Describing possible implications for the system’s customers. Electricity traders or/and 

TSOs are peripheral actors and will thus be regarded in a less extensive manner. 

 

 Analysing implications on a micro level, leaving the macro economic impacts as a sub-

ject for further studies. This will for example exclude analysis of the effects on GDP the 

potential creation of financial hubs would have on income for different nations. 

7 MAIN RESEARCH QUESTIONS 
? What commodities have a market structure that is/was similar to the electricity market? 

o What similarities/differences are there? 

o Which attributes are most important for constructing the similarities/differences? 

 

? Have commodity markets solved hedging issues internally or has interference from over-

head-actors been necessary?  

o What markets have solved issues internally? 

o What consequences/results have that led up to? 

 

? Are there any patterns, concerning development during change and/or pricing attributes, 

in commodity markets that are transferable to the Nordic electricity market development? 

o What can be learnt from other market structures? 

o How would it emerge and develop in the energy market? 

8 SOURCE DISCUSSION 
The three fundamental sources of information for this thesis are literature, interviews and 

historical data from commodity markets. Base of research is formed by literary sources includ-

ing textbooks, articles and internet sources. Many researchers, however, address the issue that 

research on commodity markets is scarce (Yang & Awokuse, 2003, p. 487) (Marshall, et al., 2012, 

p. 11). This increases the need for finding information about market mechanisms also in other 

ways. Interviews will reflect the opinions of market actors, which are considered as important 

input to this thesis since markets are assumed to be largely affected by expectations. To build a 

high validity, also quantitative data will be presented to support both literary sources and 

interviews. 
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The literary sources used are primarily textbooks, research articles and reports from govern-

mental institutions or other stakeholder organisations. By providing a diversity of references, 

insurance of validity is achieved. Stakeholder organisations may, however, have an agenda to 

affect the market systems in some direction. This has demanded critical reviewing of such 

sources. The validity is nonetheless considered to be lowered by the use of such sources, due to 

the critical realism-approach of this thesis. 

The interviews are in open form, on a highly conceptual level. The purpose of the interviews is 

partly to collect information about different markets, but more importantly to understand the 

underlying assumptions, standpoints and world view of different actors on the markets. There 

are many subjective opinions reflected in the conversations, which are intended to be presented 

in order to enhance validity of the results. This is, since the markets are assumed to be con-

trolled largely by psychological factors. The interviewees have been selected due to business 

affiliation, with representatives from academy, trading, production and consumption. Many 

opinions have also been gathered from experts during conferences and short conversations. Due 

to the large interview material this thesis work has gathered, it is practically impossible to 

transcribe all interviews in whole. Most are however recorded, from which quotations have been 

extracted. Interviews that have not been recorded are not quoted, but rather referred to in a 

conceptual context. Protocols have been written directly after all interviews, summarizing key 

take-outs. Participating interviewees are listed in the references. Some interviewees are anony-

mous and thus only referred to with working title and business affiliation.  

Quantitative data mainly origins from Vattenfalls’ internal systems and from public internet 

databases. Much data is stored on the market exchanges, but this data is regularly tolled and 

thus not used. The validity of the source data is considered as high. Some of the data series are 

far reaching, and go back to the 1970’s. Market changes during the time periods are included in 

the data, and discussed in the extent they are known. Unknown market changes can affect the 

conclusions. The data analyses do not consider monetary value changes, such as inflation, 

deflation or exchange rate changes over time. The data is primarily used for trend spotting, using 

regression analysis with polynomial trend curves displayed in graphs. All trend curves have a 

correlation coefficient of 0.9 minimum, implying that the curves are well correlated with pre-

sented data. 

 



 

 12  
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SECTION 3 – MARKET DYNAMICS 
This section will present theory considering market dynamics, in purpose of creating under-

standing of the following market analyses. First a study of the pricing effects on a very general 

level is conducted, followed by a plunge into hedging mechanisms.  

9 MARKET PRICING MECHANISMS 
This paragraph has two main functions. On the one hand, it is a presentation of the fundamental 

pricing mechanisms on the commodity markets (and on practically all other markets as well). On 

the other hand, it is a presentation of fundamental assumptions and conceptual theoretical 

frameworks that is influencing the results and discourse of this thesis. Pricing of goods is 

commonly described by micro economics as the price corresponding to an intersection of 

demanded and supplied quantities. A number of assumptions are made in micro economics, in 

order to simplify the pricing models, e.g. that actors on markets have perfect information. These 

are, however, assumptions that seldom cohere with actual situations. It is therefore important to 

recognise these elements of insecurity that are inherent in economic models (Perloff, 2011, p. 4) 

(Nilsson, 2012, pp. 63-64). Also to be noted, is that micro-economics do not commonly represent 

market situations during periods of insecurity regarding market expectations, which in this 

report is thought to be one of the driving forces of trade. In the pricing of financial derivatives 

with future maturity, however, present pricing is based on each actor’s forecasts about future 

value. Therefore, an important assumption is that each trading participant is perceived to have 

an individual expectation about future price equilibrium (or price cross). This, combined with 

constant changes in the market environment, is assumed to create the driving potential for the 

theoretical pricing models. 

9.1 THE DEMAND FUNCTION 

The demand function shows the correspondence between demanded quantity, price and other 

factors that influence purchases. Depending on what factors are influencing the consumer, 

demand will be affected by changes in them. The demand function is for example written: 

                            

EQUATION 1, THE DEMAND FUNCTION  (PERLOFF, 2011, PP. 11-13) 

Where Q is quantity, D is demand as a function of certain factors, p is price of the good, ps is price of 

a substitute good, pc is price of a complementary good, and Y is income. 

 

Demand will be decided by the factor levels. If any factor changes, then the demand curve will 

shift(Ibid.). For example if the price of a substitute product such as bananas increase, then the 

demand curve for oranges will shift from D1 to D2 as illustrated in Figure 5. This increases the 

demanded quantity from Q* to Q** at a given orange price. Krugman & Wells (2009, p. 67) argue 

that there are five principal factors which can shift the demand curve. These are changes in (1) 

the prices of related goods, (2) income, (3) tastes, (4) expectations or (5) the number of 

consumers. 
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FIGURE 5, THE DEMAND CURVE 

Depending on if factors are affecting demand linearly or non-linearly, the demand curve can 

adopt many shapes (Perloff, 2011, pp. 98, 111-112). For simplicity, we begin by assuming a 

linear demand function, which is illustrated in Figure 5 above. The same applies to the supply 

curve. 

9.2 THE SUPPLY FUNCTION 

The supply function shows, in a similar manner as the demand function, the price and quantity 

at which products are supplied. The supply function is for example written as: 

                         

EQUATION 2, THE SUPPLY FUNCTION (PERLOFF, 2011, PP. 18-19) 

Where S is supply as a function of certain factors, p is input price, pr is price of related goods or 
services, and n is number of producers. 

 

FIGURE 6, THE SUPPLY CURVE 

Shift of a supply curve is primarily caused by changes in (1) input prices, (2) the prices of related 

goods or services, (3) technology, (4) expectations or (5) the number of producers (Krugman & 

Wells, 2009, pp. 72-75). Suppose that the supply curve S1 in Figure 6 represents pork. A price 

increase of input considering labour in production, shifts the supply of pork from Q* to Q** 

(curve S2) so that less pork is supplied at the same price, p*. 
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9.3 MARKET LIQUIDITY 

Market liquidity, or liquidity, is the combined number of buyers and sellers with a high purchas-

ing power that exist on a market. Perfect market liquidity implies that there are infinite buyers 

and sellers on a market, each with the financial capability of demand or supply infinite quantities 

of the good. Sellers or buyers could at any time enter a contract with another party, given that 

the price level is accepted by both parties. This is never the case in real markets, although 

liquidity could be very close to perfect. Liquidity generally increases with market size(Jansson, 

2013) (Storm, 2013).  

In contrast, a poor liquidity is found in markets where either a large difference between the 

number of buyers and sellers exists, or where there are few buyers and sellers. Then buyers, or 

sellers, or both will be unable to enter a contract at any quantity and time. Thus they must wait 

for an opportunity to make the deal. When a liquidity threshold, or sufficient liquidity of a 

market, is exceeded then actors will consider entering. If liquidity is lower than the threshold, 

actors will instead leave the market. The sufficient liquidity is difficult to define, but is by some 

actors perceived to be when a large producer can supply one half of the yearly production to a 

market without substantial price decreases. Thus, it depends on the size of suppliers and 

elasticity of demand (Jansson, 2013). 

9.4 MARGINAL COST 

In perfect competition, the price is set at the marginal cost level, which is defined as the total 

costs of production divided uniformly over all products sold. In perfect competition marginal 

costs equals marginal revenues, and thus no actor will yield a profit since revenues are exactly 

covering costs. This, however, is practically never the case in real markets. This is since the 

preconditions for a perfect competition - perfect information, an infinite number of buyers and 

sellers and no barriers or transportation costs – are never fulfilled. The price on a perfectly 

liquid market will converge towards marginal cost of the good (Krugman & Wells, 2009, p. 312). 

9.5 ELASTICITY 

Price elasticity is a measure of how much a change in price will affect the demanded or supplied 
good. A low elasticity implies that a good is not price sensitive. A high elasticity, on the other 
hand, implies that a good is very volume sensitive to small changes in price. The extreme 
situations are perfect inelasticity and perfect elasticity, when goods are not sensitive at all and 
very sensitive to changes in price. (Krugman & Wells, 2009, p. 143) 

9.5.1 DEMAND ELASTICITY 

Goods that have low demand elasticity are most often crucial to the population, or there is 

another reason that creates a need/want for the good. Price elasticity of demand is calculated as: 

  
                                      

                           
 

  
 
  
 

 
  

  

 

 
                                                                       

EQUATION 3, INCOME ELASTICITY OF DEMAND  (PERLOFF, 2011, P. 32) 

Consumers are generally rather insensitive to changes in price of commodities, implying an 
inelastic demand function – similar to the one in Figure 7, paragraph 9.7 (Radetzki, 2008, p. 65). 
This is because the costs of commodities tend to have only a small impact on the price of the 
finished product. Especially considering complex products a major part of the costs are caused 
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by production, development, taxes and tariffs. However, if there exist a number of close substi-
tutes to a product, elasticity of demand will be higher. Demand elastic behaviour is caused by the 
possibility of not consuming the commodity or choosing other, relatively cheaper, goods if the 
price of the commodity increases. This is for example the case regarding fruit or metals with 
similar supply and characteristics (Radetzki, 2008, p. 26). 

9.5.2 SUPPLY ELASTICITY 

Producers with low possibilities of regulating their production, due to efficiency rates or tech-

nical reasons, often have low supply elasticity. This also holds for capital intense industries, 

which have a large part of the costs fixed. The supply elasticity is calculated as: 

  
                                      

                          
 

  
 
  
 

 
  

  

 

 
                                                                          

EQUATION 4, SUPPLY ELASTICITY (PERLOFF, 2011, PP. 34-36) 

9.6 SUBSTITUTABILITY 

Some goods are more or less similar to each other, which make consumers choose the good 

which gives the highest perceived utility. If two goods are perfect substitutes, then a consumer is 

indifferent in the choice of the two. For example, if utility of apples and pears is the same; then 

the consumer will choose the cheapest fruit. If all consumers would be indifferent between the 

two fruits, then the price of apples strongly depends on the price of pears and vice versa. This is 

often the case for close-related commodities such as different grains or meat (Krugman & Wells, 

2009, p. 71). 

Two goods could also be perfect complements to each other. This is for example the case of left- 

and right shoes, where the marginal utility for having only one of the two is zero (Ibid.).  

In real life, however, neither perfect substitutes nor perfect complements are common. Instead, 

most goods are imperfect substitutes or complements. The marginal utility will decrease with 

more goods of the same type. For example, this could be the case for food. If a consumer during a 

period has eaten only pizza, then the marginal utility of having one more pizza is low. However, 

if the consumer instead would buy a burrito, and thus vary the purchases, the marginal utility of 

that burrito could be relatively higher. The same applies to consumption of all goods that are 

diverse but have the same fundamental function. (Perloff, 2011, pp. 67-68) This holds for many 

commodities, such as WTI Crude oil and corn. One example of long term effects is that the price 

of oil increases and corn prices remain relatively constant over some time, then car-owners will 

tend to purchase mote ethanol fuelled cars, instead of a petrol or diesel fuelled vehicle. Since 

ethanol is produced from corn, then the demand (and therefore price) of corn will increase. This 

kind of effects are very long term throughout the commodity markets; but price fluctuation due 

to the phenomenon tends to decrease with substitutability (Radetzki, 2008, pp. 57-59) 

(Blomqvist, 2013).  

It is also important to consider the ability of an industry to alter production, since this will have 

effects on market price development, also including markets for substituting goods. Low ability 

of adjusting production levels in the short-term, will result in price increases in case of raised 

demand. If instead, the elasticity of supply is high, then prices are allowed to vary considerably 

less. Capital intense industry does not increase supply due to a temporary increase in demand. 
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This, instead, will increase the price and create a volatile price trend due to the inelasticity of 

supply. If, however, the demand trend holds then new investments will be made in the long-

term, pressing prices down. Markets with such behaviour are for example steel and oil. The 

opposite holds for commodities of which production is easily adjusted to demand in a short-

term period, such as agricultural commodities (Radetzki, 2008, pp. 59-60).  

9.7 PRICE AND QUANTITY EQUILIBRIUM IN COMMODITY MARKETS 

Demand and supply curves reflect the perceived value for buying or selling a product on the 

market. If equilibrium price is higher than the price at which some producers are willing to sell, 

and/or lower than the price at which some consumers are willing to buy, then there is a produc-

er- and/or consumer surplus. The surpluses of producers and consumers are defined as the area 

between the supply/demand curve and the equilibrium line (in Figure 7 marked by the striped 

areas). It is, put simply, a gain actors make because they find the price of the good favourable 

compared to the price at which they are willing to sell/buy (Krugman & Wells, 2009, pp. 105-

106).  

 

FIGURE 7, SUPPLY- AND DEMAND CURVES FOR CAPITAL INTENSE INDUSTRIES (WITH INSPIRATION FROM  KRUGMAN & WELLS 

(2009, P.106) AND  RADETZKI (2008, PP. 61-62)) 

In commodity markets, there are typically few producers relative to the number of consumers. 

Economics of scale is often required in production of most commodities, due to small profit 

margins and large output. Production plants are thus capital or labour intense. The supply 

curves for commodities with a small labour-to-capital ratio is step-wise, since the marginal cost 

of increasing production involves new investment – and therefore step-wise increased marginal 

costs. This supply-curve behaviour is illustrated in Figure 7 above (Radetzki, 2008, pp.61-62). 

The phenomenon is also present in oligopoly markets or other capital intense markets, where 

only a few producers dominate the output of a certain good (Krugman & Wells, 2009, p. 388).  

All businesses are presumed to be profit maximising, which creates incentives to maximise 

revenues and minimise costs. In markets with only a few large producers, they are able to exert 

market power. By this, the producers affect the market prices and output quantity in a way that 

will maximise profit of the business. This is the function of cartels, which cooperate in order to 

find optimum output and thus maximise profit. The optimum output quantity for profit 

maximisation is found when marginal cost is equal to marginal revenue. By increasing market 
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size, and thus introduce more suppliers, the exertion of market power gets exceedingly difficult. 

Thus, competition increases with market size and number of producers (Krugman & Wells, 

2009, pp. 334-336) (Perloff, 2011, pp. 244-252) (Radetzki, 2008, pp. 145-146). 

9.8 IMPACT OF TAXES 

An important component in the output of goods is the tax level. Suppose a tax is introduced for a 
good, illustrated in Figure 8 below. Due to the revenue decrease of production (from p* to pt,p), 
producers are no longer willing to supply the quantity Q*. Thus, quantity falls to Q**, but the 
price for consumers raise to pt,c = pt,p + tax. This creates a welfare5 loss equal to the striped 
areas C+D, since the decrease in output lowers GDP-levels due to a depression of consumption 
and production (Perloff, 2011, pp. 39-40). The tax revenues add up to A+B, which the govern-
ment is paid. Losses for the producers and consumers correspond to area A+C and B+D respec-
tively. Depending on supply and demand elasticity’s, the losses are differently distributed 
between consumers and producers. The actor having lowest elasticity will carry the largest part 
of total losses (Krugman & Wells, 2009, pp. 175-183). 

 
FIGURE 8, WELFARE EFFECTS OF A TAX INTRODUCTION 

This also affects the tendency of consumption and production of goods in different countries. 

Countries having lower taxes will attract both consumers and producers, while consumption and 

production will be depressed in areas with high taxes (Krugman & Wells, 2009, pp. 187-189).  

9.9 TRADE TARIFFS 

Tariffs are used to stimulate domestic production of certain goods (import tariffs) or increase 

the supply of goods domestically (export tariffs). The rationale for using import tariffs is to 

enable domestic production of goods that are produced more cost-effectively in other countries, 

making the marginal costs of foreign goods lower than for domestic goods. The demand for 

goods produced at a higher marginal cost domestically, will in such situations decrease if tariffs 

are not introduced. Many countries introduce import tariffs as a non-permanent solution, 

allowing domestic industry to enhance productivity and thus reduce marginal costs. This, 

however, is seldom the case – often tariffs virtually are made permanent since productivity 

increases are not stimulated due to the higher domestic price levels that tariffs create. The 

effects of tariffs on national welfare are negative, since there is a welfare loss similar to the 

                                                             
5 Welfare is by economists defined as the well-being of various groups such as consumers and producers 
(not the government’s social contributions or effects from externalities) (Perloff, 2011, p. 285). 
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impact of taxes presented in paragraph 9.8 above. Export tariffs are used as a means of increas-

ing consumption of goods domestically, in order to stimulate the growth of a country or secure 

the supply of scarce products (Krugman, et al., 2012, pp. 250-257).  

Concerning commodity markets, countries’ tariff strategies are often constructed in order to 

increase domestic production and thus keep refining revenues domestically. This is achieved by 

deciding a higher level on the export tariff for commodities than for finished products. If the 

difference between commodity tariffs and product tariffs are high enough, companies will tend 

either to move production to these countries or purchase finished goods. This will decrease the 

outflow of certain commodities in favour to domestic production. But it also has a negative effect 

on welfare, since less commodities will be sold than in the case of no tariff (Hermansson, 2013). 

9.10 TRANSPORTATION COSTS OF COMMODITIES 

Since the 1850’s, transportation costs have decreased due to technological development. When 

sailing vessels were replaced by motorised ships with increasingly larger freight capacity, then 

transportation cost per unit has declined tremendously. Also trucks and trains have become 

more efficient and in a similar way reduced costs. From constituting a large share of product 

costs, transportation costs carry an increasingly smaller part. This trend has enabled more 

globalised commodity trading. The globalisation has in turn led to more uniform pricing of 

commodities worldwide. The price difference between marketplaces on a liquid commodity 

market is basically the cost of transportation between the two markets. This is true for bulk 

commodities that are easily transported, such as grain, ore or similar goods. It does, however, 

not hold for commodities that require special treatment, such as Liquefied Natural Gas 

(Blomqvist, 2013) (Radetzki, 2008, p. 15). 
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10 HEDGING 
This section will describe the basic hedging principles, instruments used and the most important 

actors of the futures markets. Purpose of the section is to create understanding of the environ-

ment and driving forces behind hedging. 

10.1 PRINCIPLES OF HEDGING 

The aim of hedging is to reduce a particular risk. This risk could be fluctuations in a commodity 

price, a foreign exchange rate or any other variable which affects the actor wants to reduce or 

eliminate. If the risk is completely eliminated, the hedge is called perfect. In reality perfect 

hedges are rare and therefore the typical objective of hedgers is to achieve as close to a perfect 

hedge as possible (Hull, 2011, p. 47). 

There are two types of hedges, short and long (Hull, 2011, pp. 48-49). A short hedge is typically 

used when an actor will sell something in the future, such as wheat that is presently growing or 

metal from a planned production plant, and wants to secure the income today. For instance a 

farmer has made a deal to deliver 40 000 pounds of live cattle in three months. The spot price is 

$5 per pound and the future price is 4,8€ per pound. The farmer does not want to get exposed to 

the risk of live cattle price dropping, and therefore knowing that the future price is lower and 

therefore imply a $0,2 losses with today’s price level. The farmer is, however, either valuing the 

elimination of risk that high, or suspects that spot prices will fall to a level lower than or corre-

sponding to $4,8 at delivery date. This can be achieved by shorting a futures contract at the 

NYMEX6 mercantile. That contract means that the farmer will receive $4,8 per pound for the 

cattle. A more detailed description of futures and other financial instruments can be found in 

paragraph 10.3 Financial contracts, below.  

A long hedge is the opposite, when a buyer needs to purchase something in the future and wants 

to eliminate the risk for increasing prices. The procedure is analogous to the farmer’s, except the 

buyer will take a long position instead of a short.  

 A short hedge is used by an actor planning to sell an asset in the future and wanting to 
secure the price 

 A long hedge is used by an actor planning to buy an asset in the future and wanting to 
secure the price 

10.2 RISK AND UNCERTAINTY 

There is always risk and uncertainty involved in producing or buying something. According to 

Radetzki (2008, pp. 98-99) commodity price risks can be summarised as two fundamental risks. 

1. The risk of price declination for unsold products. 

2. The risk of price increase for commodities purchased in the future.  

The reasons for the changes in price vary from local weather to global BNP. Which ones are the 

most significant risk factors are unique for each commodity. Wheat is much more affected by 

weather than BNP and steel is much more affected by BNP changes compared to the weather.  

                                                             
6 New York Mercantile Exchange 
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As described above, hedging is a way of lowering these risks. The understanding the risk aver-

sion effects is necessary in order to understand the market dynamics of a future markets. Risk 

aversion is the level of which actors are intimidated by a risk. For example a large company that 

uses a variety of commodities, but in small amounts and not business crucial, could afford a 

spiking price of one of these commodities e.g. copper. Therefore the company’s risk aversion for 

the copper price is small. For another company that produces only copper thread, copper price 

could be crucial and directly proportional to revenues. Therefore this company’s risk aversion 

for the copper price is larger compared to the first company (Krugman & Wells, 2009, pp. 544-

550). 

In the futures markets, the most risk averse actors seek other actors who are willing to take over 

the risk in exchange for receiving a risk premium (Krugman & Wells, 2009, pp. 551-558). The 

most risk averse players pays the other parties for swapping risks. The perceived risks and 

motives to enter hedging agreements can be different depending on the actor’s situation and 

preferences. 

In some situations the risk may be bundled to a package where one actor absorbs many small 

risks and thus reduces the consequences of each risk. For instance a farmer may perceive the 

risk for bad weather conditions, and thus a very poor harvest, extremely intimidating. The 

consequences of which could be bankruptcy. A bank or insurance company could take over this 

risk from the farmer. When many farmers act similarly, the risks are bundled together and the 

total expected outcome over several years becomes more manageable. The risk that all the 

farmers yield no harvest the same year is extremely low, but the risk that one farmer’s crops get 

spoiled is much higher. A certain percentage of farmers are expected to need compensation due 

to poor harvest, which all farmers are paying for collectively through the insurance company. 

For bearing the risk of an unusually poor harvest season, the insurance company, however, 

increases the insurance fee – called risk premium. This is the basic behind both regular insur-

ances and the special case with price hedging (Krugman & Wells, 2009, pp. 551-558). Figure 9 

below illustrates one possible future curve and the location of the risk premium depending of 

time. 

 

FIGURE 9, EXAMPLE OF A SIMPLIFIED FUTURE CURVE WHERE RISK AVERSION CHANGES DEPENDING OF THE TIME SCOPE 

Depending on the risk averseness of different actors, the future price-curves take different 

shapes. The most risk averse actors will be paying the less risk averse a premium. Risk averse-
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ness varies depending on time to maturity, commodity type and many other factors. In some 

markets the most risk averse actors are the producers and in some markets the consumers. 

Although Jansson (2013) argues that for commodities the producers are almost always the most 

risk averse part. This risk aversion may also differ over time, e.g. producers may be the most risk 

averse in long term, but closer to maturity, risk shifts to speculators or consumers. See Figure 9 

above for an illustration of this pattern. This impacts price formation over futures’ durations, 

which can open up for long term arbitrage possibilities. Future curves and the other factors 

affecting its form are discussed below in paragraph 10.4. 

10.3 FINANCIAL CONTRACTS 

There are infinite ways of hedging production. More or less any type of contract could be 

tailored and in theory only the imagination and regulations for financial instruments sets 

boundaries. However, there always needs to be a counterpart for the contract. Therefore it is 

very convenient to have only a limited amount of standardised contracts. If a large amount of 

people use a certain standardised instrument it will become relatively easy to find a buyer or a 

seller of the product. A market where it is easy to find a trade partner has a high liquidity. The 

concept of liquidity is described in detail in paragraph 9.3. Different marketplaces or exchanges 

have been established around the world for this purpose (IMF, 2013). 

Another possibility for trading is that two actors find each other and reach an agreement by 

themselves. This type of trading is called bilateral trading or over the counter (OTC) trading 

(Hull, 2011, pp. 29-30) (Dodd, 2002). These types of deals make it possible to use special 

arrangements and increase the versatility. Therefore bilateral trading can make much more 

sophisticated and complex hedges possible. However, most bilateral trades are in reality very 

similar to the exchange arrangements. Bilateral trades are often cleared by an exchange and 

include some parameters also used at the exchanges e.g. quality or contract size (IMF, 2013). 

The contract trading can typically be divided into two categories 

 Exchange trading, is trading where an exchange is meddling between the actors during 

the trade.  

 Over the Counter (OTC)/Bilateral Trading, is trading between two parties without 

public administration by an exchange 

Both types of trading have pros and cons. Which one is the best depends of the actor’s prefer-

ences and underlying motives. That is also the reason why both trading types are widely used 

and none of them dominate. 

10.3.1 FUTURES 

Futures are agreements to buy or sell an underlying asset at a certain time in the future for a 

certain price (Hull, 2011, pp. 1-3). The underlying asset is typically a physical commodity, but 

also strictly financial instruments are common. Also intangible assets such as indexes and 

interest rates are commonly being traded. Figure 10 below illustrates a situation where an 

industrial company and a mining company enter a futures contract. The specifics of a futures 

contract includes typically at least the ones in the figure above, but others are also common. The 

specifications are supposed to define the contract and the obligations the parties accept by 

entering it.  
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This example presents a situation where an industrial company prefers to secure the price for 

copper needed to be purchased June 1. The mining company has similar agenda of securing the 

income from copper. There is also a possibility that one of the parties, during the contract time, 

decide to sell the contract. If that happens the new holder obtains obligations from the previous 

owner. The purpose of futures is, as seen in this case, mainly to allow producers and consumers 

to secure their future cash flows, in other words hedge their price risks. The industrial company 

has made a long hedge and the mining company has made a short hedge. Naturally there could 

be alternative reasons for entering these contracts, such as speculation or risk bundling (Hull, 

2011, pp. 12-16). 

Futures, as most financial contracts described, can be traded on larger marketplaces. Some of 

the most notable commodities exchanges are the Chicago Board of Trade (CBOT), Chicago 

Mercantile Exchange (CME), New York Mercantile Exchange (NYMEX) and the London Metal 

Exchange (LME). Exchanges obligate actors to deposit a margin on an account. This size of this 

margin differs between exchanges and underlying asset. It typically ranges from 5-20% of the 

total value of the contract.  The exchanges daily settle the price development from these margin-

al accounts. In other words, exchanges daily calculate the profits and losses of all the actors. The 

profits and losses are credited and debited daily on the actors’ accounts. This means that the 

previous development of the contract is already calculated in the contract making it easily 

tradable for the actors.  

10.3.2 FORWARDS 

The forwards are for the most parts same as futures (Hull, 2011, pp. 5-6). Both contracts allow 

the holder to buy or sell a contract at a specified time under given terms. The difference between 

forwards and futures, is that forwards are non-standardised and futures are standardised. The 

specifications of forwards are often unique and therefore forwards are mainly used in the 

bilateral market.  

10.3.3 OPTIONS 

Options and above described financial derivatives are similar in the sense that both are con-

tracts considering buying or selling an underlying asset at a predetermined time for a predeter-

mined price. The difference is that an option gives the holder right, but not obligation, to buy or 

FIGURE 10, AN EXAMPLE OF FUTURES CONTRACT 

1 January 2013: A futures contract is signed be-

tween an industrial company and a mining company 

with the specifications seen to the right. 

1 June  2013: The mining company is obligated to 

sell 25 000 LB of physical copper to the industrial 

company which is obligated to purchase this amount 

for the price of 3,75USD/LB giving a total price of 

93 750 USD. 

Futures Contract 

Underlying asset:  

Copper certified by CME 

Amount and unit:  

25 000Lb 

Delivery date:  

1 June 2013 

Settlement:  

Physical 

Price and currency:  

3,75 USD/LB 
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sell the asset (Hull, 2011, pp. 6-8). The nature of options generates some possibilities for hedg-

ing.  

There are two ways to categorize options. Firstly they can be divided in calls and puts.  

 A call option gives the option holder the right to purchase the underlying asset for a 

predetermined price at a predetermined time. 

 A put option gives the option holder the right to sell the underlying asset for a prede-

termined price at a predetermined time. 

The options can also be divided in European and American options. 

 European options can be used only on the maturity date. 

 American options can be exercised any time from issue till maturity date.  

Options are mainly applied on stocks, but can also be used in certain hedging processes. 

10.3.4 CONTRACTS FOR DIFFERENCE 

Contracts for Difference or CfDs are instruments used to hedge the difference between two 

prices of which at least one is floating. Commonly used CfDs are for example: 

 The system price on the Nordic electricity and the price on one particular price area. 

 The stock price and a predefined contract price. 

 The exchange rates for two currencies. 

CFDs are valued by expected price difference to be hedged, and an additional risk premium. The 

issuer of the contract is obligated to pay the holder the difference between prices, if it is positive. 

If it is negative, the issuer is obligated to pay the holder corresponding amount.  

The payment structure of CfD contracts: 

 Issuer pay if (Price 1 – Price 2) > 0 

 Holder pay if (Price 1 – Price 2) < 0 

For example, if a difference between the price of electricity in Nordic electricity price area 

Stockholm and the system price in the future is expected to amount to 10€, then a CfD could be 

issued for that price difference. Suppose the asset stands in 12€ at contract closing date. The CfD 

gives the holder the difference between spot price and contract price. In this case the holder 

would make a 2€ profit. If the opposite situation occurs and the value of the asset drops to 8€, 

the holder would need to compensate the seller for the difference. In other words by purchasing 

a CfD, the holder obtain obligations to the issuer in exchange for a chance to make profit. The 

risk of a decrease in price difference is thus moved from issuer to CfD holder (Contracts for 

Difference, 2012).  

Hence CfDs are leveraged products; consequently there is always a risk of losing more money 

than invested. For instance, if an actor believes in an up-going market and invests in CfDs, but 

the market actually crashes, the actor is obligated to pay the difference. In other words, a CfD 

provides all the risks and possibilities of actually owning the asset, but with a lot less invested 

capital. This makes CfDs risky. To reduce the risk for not getting paid, most exchanges obligate 

the actors to pledge a certain percentage of the reference price. 
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CfDs are commonly used on financial markets, primarily based on stocks, interest rates, curren-

cies and commodities. One notable market commonly using of CfDs is the Nordic electricity 

market, where the contracts are used to secure the price difference between price areas and 

system price (Analyst, 2013 [2]).  

10.4 FUTURE CURVES 

A future curve is a momentary illustration of the prices of the available contracts. Figure 11 

below illustrates two future curves, one normal and one inverted. The x-axis represents the time 

in future in years. The y-axis expresses the price. The future curve consists of different futures 

contract prices with respective maturity dates. Shape of the future curve illustrates how the 

contracts are valued. If the slope of the future curve is positive it is called normal. This is the 

standard state for most commodity markets. An actor needing the good a year from now has the 

option either to buy it at the spot price and store it, or to buy a futures contract. If the actor 

chooses to buy at spot he will need to lock in capital, store the commodity and get exposed for 

the price changes. These external costs together are called cost of carry and shape the future 

curve (Hull, 2011, p. 122). These externalities and their effects on the future curve are discussed 

in detail below. The slope of the future curve can also be negative as illustrated by the second 

future curve in Figure 11 . This type of curves are called inverted future curves. 

 

FIGURE 11, A HYPOTHETICAL FUTURE CURVE 

The four components described below build together the cost of carry for commodities. Which of 

the factors dominates the future curve differs depending of commodity. The only factor normally 

pulling the curve downwards, for storable commodities, is the expectations. Therefore markets 

in an inverted state tend to be under great uncertainty and the spot prices are expected to drop. 

This could occur during supply shortages or when there are structural issues on the market. 

10.4.1 STORAGE COST 

Storage cost is the cost for holding commodities until maturity date (Hull, 2011, p. 120). Storage 

cost differs between commodities. Industrial metals can be stored almost everywhere for a small 

cost and therefore metals have low storage costs. Meat can be frozen for a period of time, but 

this cost is significantly higher than the cost for metal storing. Some commodities have close to 

infinite storage costs.  For these commodities the storage cost is not reflected in the future price. 

The storage cost typically pulls the future curve upwards proportionally to time along the time 

spectrum. 
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10.4.2 COST OF CAPITAL 

When taking a position on a futures market there is a need to deposit capital and thus lock in 

capital. (Srivastava & Srivastava, 2011). Cost of capital can be approximated as the risk free 

interest rate. Risk free interest rate is the return on investment that can be returned from an 

alternative investment without risk. When entering a futures contract, the actor locks in capital, 

which can be seen as a loss of the risk free interest rate. The cost of capital typically shifts the 

future curve upwards proportionally to time along the time spectrum. 

10.4.3 RISK PREMIUM 

As described above some actors are more risk averse compared to others, and are willing to pay 

a premium in order to reduce their risk (Jansson, 2013) (De Roon, et al., 2000). This premium 

affects the futures curve. Sellers are typically more risk averse compared to buyers of the good 

and therefore the risk premium pulls future curves higher, if the consumers are the more risk 

averse , then the opposite occurs. 

10.4.4 EXPECTATIONS 

Market expectations for price development will be reflected in the futures price. Changes in 

supply and demand are often predictable and expected by the actors.  Thus affecting the future 

curve. For seasonal and non-storable commodities such as electricity, expectations are the 

defining factor. Electricity demand for example is expected to be higher during winter compared 

to summer and therefore the future prices for contracts with delivery during winter will be 

valued higher. 

10.5 HISTORICAL FUTURES CURVES, BASIS, CONTANGO AND BACKWARDATION 

Historical price development of a single contract can be plotted as in Figure 12 below. The figure 

illustrates an example of historical prices for two futures contracts during their lifespan com-

pared with the spot price at maturity. In the literature, the terms contango and backwardation 

are used in a variety of ways relating current and expected spot prices to futures and forward 

prices. The following definitions are used in this study. 

 A market in contango is a market where the future price is higher than expected spot 

price (Hull, 2011, p. 126) 

 A market in backwardation is a market where the future price is lower than the ex-

pected spot price (Hull, 2011, p. 126) 

 Basis is the difference between spot price and futures price (Hull, 2011, pp. 53-54) 

If prices for the futures contracts are higher than expected spot price, the market is in contango. 

The dashed curve below shows the inverse situation, where expected spot price is higher than 

futures price. When this situation occurs, the market is in backwardation. 

Basis is defined as the difference between spot price and futures contract (Hull, 2011, pp. 53-

54). For a functioning market the basis is reduced to zero before the maturity date. If this does 

not occur there is a possibility for arbitrage.  
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FIGURE 12, TWO HYPOTHETICAL FUTURES PRICE DEVELOPMENTS COMPARED WITH THE EXPECTED SPOT PRICE. 

10.6 ACTORS ON HEDGING MARKETS 
This chapter describes the most important actors on the hedging market. 

10.6.1 EXCHANGES 

Exchanges function as catalysts and bring together other customers and make real time trading 

possible (Hull, 2011, pp. 2-3). They offer standardised contracts and clear the trades for market 

actors. Exchanges are often also involved in bilateral trade (Analyst, 2013 [2]). 

10.6.2 HEDGERS 

Hedgers are the market actors with the motive to secure their exposure to a certain risk by 

buying, selling or issuing contracts. Usually the underlying rationale is to protect profit or to 

limit costs. Typical hedgers are producers, processor and users of the good (Hull, 2011, pp. 9-

11).  

10.6.3 TRADERS 

This work does not distinguishing between speculators, traders and other traders; hence they all 

have the same effects on the market. Generally speculators are more prone of taking risks and 

have shorter trading horizons. Traders act more long-term (Radetzki, 2008, pp. 100-102). The 

size of the speculators varies from private equity to large funds and banks. However, as a 

collective they act based on the same principles. As the name speculators indicate, speculators 

speculate on the hedging market. They are betting either for an increase or a decrease in price. 

In exchange they carry risk of losing the investment. They are willing to carry risk in order to 

receive a premium for it. Speculators act as a counterpart for the hedgers and harmonise the 

market. 

10.6.4 ARBITRAGEURS 

Arbitragers are a group of actors looking for risk free possibilities to profit from differences in 

prices between markets or goods (Hull, 2011, p. 15). Sometimes contract prices differ on 

different markets whereby an arbitrageur can make two transactions and make a risk free profit. 

Arbitrage possibilities in well-functioning markets are seldom long-lasting hence transactions 

will force the two prices together.
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SECTION 4 – THE NORDIC ELECTRICITY MARKET 
This section presents the Nordic electricity market, based on the CATWOE structure presented 

in paragraph 5.1.1. From the CATWOE, a number of key characteristics will be sought in order to 

find suitable commodity markets to benchmark against. The CATWOE-approach which is used 

through paragraphs seeks to enable semi-standardised comparison between the different 

markets that are studied in this thesis. The method is described in detail in paragraph 5.1.1. 

11 [C]USTOMERS ON THE NORDIC ELECTRICITY MARKET 
This paragraph will describe the system’s customers, which are defined as the actors who carry 

risk on the market. The group primarily consists of producers, retail companies and users of 

electrical appliances, heating and cooling. The latter group is henceforth called consumers.  

Producers and consumers on the Nordic electricity market hedge production and load in order 

to secure future income or expenditure. Speculators issue or hold forward contracts in order to 

carry risk and thus profit from the risk premium. Volatility is generally greater in electricity 

markets than for other commodities, increasing the need for hedging if actors wish to secure 

income or expenditure (Weron, 2000, p. 134). Hedging is made with reference to the system 

price, also called system spot price, which is calculated for the whole system. Thus, it is not 

corresponding to the actual price in different price areas, but rather to a weighted price of all 

different areas. To even out the differences in price between area prices and system price, actors 

use financial derivatives. The primary instrument for doing this is CfDs, further explained in 

paragraph 10.3.4 above. (Marckhoff & Winschulte, 2008, p. 258). In Figure 13 below, is a graph 

displaying forward price series for electricity contracts. Each series is representing a specific 

system price contract, with price variations as the contract matures. The contracts have yearly 

delivery. 

 

FIGURE 13, FORWARD CONTRACTS ON THE NORDIC ELECTRICITY MARKET, SYSTEM PRICE. EVERY SERIE CORRESPOND TO A 

DIFFERENT CONTRACT (VATTENFALL AB, 2013 [4]) 

Different customers have different agendas and goals with their acting. The relationships 

between actors have not been studied in detail. Hence all trades are done anonymously, it is 

impossible for specific customers to know who they are dealing with. This makes the identifica-

tion of different risk profiles and motives of the other traders rather challenging for the custom-

ers. The general assumption is that the producers in large extend act long-term and traders 
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short-term. However all issued contracts must have a buyer and a seller and therefore both 

buying and selling customers must have be present on the market (Analyst, 2013 [1]).  

11.1 PRODUCERS 

On the market, the player’s with largest dependencies on electricity prices are electricity 

producers. Their business is often exclusively focused on this single activity. In some cases, 

however, the business is both to supply heat and power. Power can also be a by-product of 

industrial processes. Generally the risks associated with decreasing electricity prices are high for 

these actors, since profitability is directly bound to electricity price. By this reason, they prefer 

to lock in risks long before production date. Risk aversion is thus more extensive in a mid-term 

perspective (1-4years) than closer to production, when spot prices are less likely to deviate by 

much from future prices. Securing income is often something that is imposed on the power 

producing companies by other actors. These typically are financial institutions with mortgages 

outstanding to these generators, or owners who prefer a stable profitability (Analyst, 2013 [2]).  

Short term elasticity of supply in the Nordic market is relatively high compared to other electric-

ity markets, such as European Electricity Exchange. This is because there is much energy stored 

in the hydro reservoirs, which can be used if the demand and price increases. During dry 

seasons, however, marginal cost of hydro production increases. In the same way, during wet 

periods marginal cost will fall. It does take very long time to construct additional capacity, which 

makes the mid-term elasticity of supply low (Fritz, 2012) (Hirth, 2013). This characteristic is 

further explained in paragraph 13.3 below. 

11.2 RETAIL COMPANIES 

Since 1996’s deregulation of the Nordic electricity market, many different retailers of electricity 

have entered the business. There are currently more than 130 electricity retailers only in 

Sweden (Ernst & Young, 2011). The business concept is to buy electricity from producers and 

supply it at a higher price to consumers. Retailers often seek to establish long term contracts 

with consumers at fixed or semi-fixed levels, and then hedge the electricity price in advance. The 

hedging must be made such that the difference between income from consumers and price of 

hedged electricity is zero or positive. Then the retailer will make a profit, amounting to the 

positive difference minus fixed costs. Retail companies have a rather inelastic demand for 

financial contracts, since they need to hedge a large part of the sold electricity in order to secure 

cost levels. By hedging, retailers eliminate risk of electricity price increases, which otherwise 

could result in losses if consumers pay less than the spot price. Thus, these actors carry consum-

er risk if the consumers have established fixed price contracts (Söder & Amelin, 2011, pp. 8-9). 

In exchange for carrying the risk, retailers require a risk premium from the consumers in form of 

a higher priced electricity contract. Retailers mainly trade less than one year to contract maturi-

ty, but the range goes up to 3-5 years (Analyst, 2013 [1]). Liquidity is concentrated on the short 

contracts and reduces further in time. More about trading behaviour can be found in paragraph 

12.1. 

11.3 CONSUMERS 

The consumers show a risk averse behaviour primarily in short-term, which is pulling the 

futures price higher. Electricity consumers could be divided into two main categories; (1) 

residential and services, and (2) industrial (based on Swedish Energy Agency, 2013 (2)). Since 
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electricity virtually is taken for granted in modern societies due to high availability of supply, 

residential and service consumers do not bother about planning consumption very long before-

hand. This is much because electricity hedging is not a part of the core focus or competence in 

service business, nor a very prioritised issue for the residential sector. These consumers either 

accept the risk and have a variable electricity price, or establish a fixed-price contract. Industrial 

consumers, however, are more inclined to hedge consumption on long term, primarily being a 

result of high electricity intensity of production (Analyst, 2013 [2]). A very obvious example is 

aluminium production, which primary cost is electricity for the electrolysis processes. These 

types of industrial companies typically establish bilateral contracts with producers, by defining 

forwards with set volumes and price levels (Storm, 2013). Industrial companies thus have a risk 

profile that corresponds rather well with the one of electricity producers, since the planning is 

long-term. They are willing to pay a risk premium for being able to budget future expenses, and 

therefore often hedge parts of the consumption up to some years beforehand (Analyst, 2013 

[2]). 

11.4 TRADERS 

Beside the customers that want to reduce risk as a way of securing income or expenditure of 

core activities, which is the case for example a power producer, there are a number of players 

acting in order to increase risk exposure. These are called traders. A trader seeks to increase risk 

in order to gain income by receiving at least the risk premium. This is achieved by being well 

informed, aware of natural variations in price and taking the right positions based on the look of 

the forward curve. The traders tend to spread risks in different markets in order to increase 

probability of making profit. Often, traders are trading in many different commodity markets 

simultaneously. Positions are entered relatively close to maturity of the contract, when more 

actors are involved and liquidity consequently is higher (Jansson, 2013).  

12 [A]CTORS ON THE NORDIC ELECTRICITY MARKET 
All the parties mentioned in previous paragraph, customers, are also actors in the CATWOE-

model because they take part in activities on the market. Below, actors that are not customers 

are presented. Their roles are important, but do not involve carrying risk. There are more actors 

than described in this paragraph, but they are considered to be less vital to the market functions. 

12.1 EXCHANGES, CONTRACTS AND FEATURES OF TRADE 

The Nordic electricity market includes all Nordic countries, Lithuania and Estonia, except the 

Atlantic islands and Iceland (Nord Pool Spot, 2013 [1]). Nord Pool is the largest Nordic market 

for electricity, where 75% of the Nordic electricity production is traded. The remaining 25% is 

mainly traded bilaterally between different actors on the market. In the Nordic electricity 

market hedging is made against an artificial reference price, called system price. It is calculated 

as the intersection of supply and demand by NordPool (similar to the price intersection in Figure 

7). Depending on differences in supply and demand, with consideration to transmission conges-

tions between geographical zones, the market is divided into different price areas (Nord Pool 

Spot, 2013 (3)). The interconnections between Nordic countries are relatively poorly developed, 

which makes area prices to correspond with system price during only 4,7% of the hours during 

2012 (Nord Pool Spot, 2013 [1]). When there is excess supply or demand in a price area and Net 
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Transfer Capacities (NTCs) to other areas are reached, then prices will start to differ (Marckhoff 

& Winschulte, 2008). 

The financial and physical contracts are traded during different time periods and have different 

duration periods. The forward, futures and CfD markets are managed by OMX commodities in 

London, and have the longest outlook for electricity exchange trade in the Nordic. These con-

tracts are primarily cash settled, with a reference to the system price calculated by Nord Pool 

Spot (Nasdaq OMX commodities, 2012). On a daily basis, electricity is traded with physical 

settlement exchange on Nord Pool Spot (Nord Pool Spot, 2013 [4]). The most common available 

contracts are listed in Table 1 below. Forward contracts are flexible considering delivered 

energy volume, traded as power with delivery during a fixed time period. Futures are standard-

ised considering energy delivery, traded with fixed power and delivery period. 

Type Delivery period Time to maturity Load type 
Responsible 
exchange 

Forward Month / quarter / year ≤ 5 years Base load OMX commodities 

CfD Month / quarter / year ≤ 5 years Base load OMX commodities 

Forward Month / quarter / year ≤ 1 year Peak load OMX commodities 

Futures Week ≤ 5 weeks Peak load OMX commodities 

Futures Day / week ≤ 5 weeks Base load OMX commodities 

Day-ahead (Elbas) Day 24 hours Base load Nord Pool Spot 

Intraday (Elspot) Hour 1 hour Peak load Nord Pool Spot 
TABLE 1, CONTRACTS ON ELECTRICITY EXCHANGES (OMX COMMODITIES, 2013) (NORD POOL SPOT, 2013 [4]) 

The forward contracts for electricity do only hedge against system price. To compensate for risk 

of differences between system price and area prices that arise from transmission congestions, 

customers need to hold or issue CfDs. Currently, CfDs are issued for all area prices in the Nordic 

electricity market. As an example, expected price deviations of the four price areas in Sweden 

(SE1 Luleå, SE2 Sundsvall, SE3 Stockholm and SE4 Malmö) are plotted in Figure 14 below. It is 

obvious that the two southern areas Malmö and Stockholm experience higher prices than the 

northern areas Sundsvall and Luleå. This is partly because the utility price in Denmark and 

Germany is generally higher which makes Malmö and Stockholm exporting regions, and partly 

because demand in the areas is high relative to inherent supply.  

 

FIGURE 14, CFD PRICES FOR SE1-SE4, CLOSING 2013. DAILY POWER FORWARD CURVE FOR NORDIC SYS REGION, BASE/PEAK 

(VATTENFALL AB, 2013 [4]) 
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Daamsgaard, et al., (2009) and Jansson (2013) argue that the liquidity of these contracts is 

rather limited. A low liquidity can result in two situations – that customers cannot sell or buy 

contracts at any time, and/or that pricing will deviate from actual value of the underlaying asset. 

This could make actors leave the market and thus worsen the situation. 

The trades are either cleared in a clearinghouse or made up between two parties directly. The 

clearinghouses function as external parties which can arrange and set up financial contracts 

between seller and buyer. Not only contracts traded on the exchange are handled by clearing-

houses, but also bilaterally traded contracts. The latter type is however often based on exchange 

prices as a reference for the negotiations (Trader, 2013).  

12.2 TRANSMISSION SYSTEM OPERATORS 

The Transmission System Operators (TSOs) are responsible for the main electricity grids 

(Svenska Kraftnät, 2012). This consequently also involves responsibility for Net Transfer 

Capacities (NTCs), which are crucial system characteristics for the price formation of electricity. 

If there were no transmission limitations, no difference between electricity prices would exist 

within the Nordic region. The Nordic price areas are constructed in such way that their borders 

hold especially crucial transmission congestions. Supply and demand in different price areas will 

create demand for import or export of power from or to bordering areas (Nord Pool Spot, 2013 

[2]). In price areas the price is formed by internal supply and demand combined with the supply 

and demand in neighbouring areas and transmission limitations. It is thus obvious that TSOs, 

responsible for transmission limitations, have a crucial role on the market. By investing in 

transmission capacity, price differences between areas will decrease due to the higher ability of 

transferring power from one area to the other.  

12.3 GOVERNMENTS 

Governments have important roles in pricing of utility derivatives since they control demand for 

energy. By imposing taxes on energy, price will increase, causing demand and thus consumption 

to decrease. High prices with tax will cause a welfare loss, such as described in paragraph 9.8 

above. Governments use energy taxes partly by fiscal reasons (used to yield public income) and 

partly as a way for lowering demand of energy in order to lower emissions. The short term 

effects on demand caused by taxes, however, are rather limited since demand elasticity is 

considered to be very low (Oranen, 2006, p. 46). Neither producers nor consumers will directly 

benefit from energy taxation, but instead perceive the arrangement as unsatisfying. High 

consumer price and low producer profit margin that partly are a result of taxation are often 

blamed on the market rather than on the tax itself. As a very clear example, consumers in the 

Nordic consider power prices as too high at the same time as producers are forced to cut costs 

(Littorin & Dahlberg, 2011) (Kalmar Energi, 2012) (Milder, 2013). In media, energy taxation and 

VAT are seldom mentioned as price factors, but accounts for 37% of the utility price. Actual 

production costs amount to 35% of the consumer price (Vattenfall AB, 2013 [2]). 

Electricity certificates are also increasing the electricity prices in Sweden and Norway. The 

certificates are supporting renewable energy, but burdens carbon intense production and 

utilization of energy. Since the highest marginal cost of momentary production is deciding spot 

price, then consumer price is increased due to higher costs of running carbon intense plants 

needed during peak load, which typically are coal or oil fuelled (Swedish Energy Agency, 2013 

[1]). 
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12.4 THE EUROPEAN UNION 

The EU is by large affecting trading and pricing of electricity contracts in the Nordic electricity 

market. The European Climate Foundation report, Roadmap 2050, describes a target to economy 

wide reduce the emissions of greenhouse gases in Europe with 80% compared to 1990 levels 

until 2050. This is a very ambitious goal, which can only be reached if a number of important 

changes are made in the European energy system. Today, power production and consumption 

contribute to a large amount of the emissions. The reduction plan will require a zero carbon 

supply of electricity. This, in turn, obligates electricity producers to liquidate all carbon-intense 

production or install carbon capture and storage (European Climate Foundation, 2010). By 

forcing producers to invest in new technology, either electricity prices must increase to marginal 

cost of production or consumers must pay indirectly through higher taxation, which can subsi-

dise no-emission technology investments. In either case, the consumers are paying for decreas-

ing fossil fuels in power production. The transition is now very fast in some European countries, 

as for example in Germany where consumer electricity prices have experienced large increases 

since the start of the zero carbon supply programme, named “Energiwende”. There are, howev-

er, consequences of such projects. Currently about 600 000 households are disconnected from 

the electricity grids every year in Germany alone, due to inability of paying the electricity bill 

(Behrendt, 2012) (Neubacher & Schröder, 2012). Fortunately, the effects on the Nordic electrici-

ty market have yet not caused such situation. It is, nevertheless, important not to underestimate 

the impacts future changes can induce on the Nordic energy balance, which is affected by the 

supply and demand of all neighbouring countries (Fritz, 2012).  

To achieve the zero-carbon goals, EU plans are to create an integrated and competitive European 

electricity wholesale market. Then a prerequisite is to agree on some common design principles 

and cooperate to implement these (Brunekreeft, et al., 2011, p. 2). Such transitions are, however, 

challenged by European countries’ efforts to minimize carbon emissions. In UK, for example, 

fossil dependency is not considered to be solved by creating a market for electric energy as the 

EU plans propose, but rather by establishing a capacity based market (Fritz, 2012). This is since 

renewable production (such as wind and solar power) is intermittent, which will cause the base 

load to shorter duration curves since renewable production has lower marginal cost of produc-

tion. A shorter duration curve implies lower income. Peak load prices and running time may not 

be high enough to cover capital costs of production. This makes the generators more prone of 

either increasing marginal costs significantly to account for the risk of short operating time, or 

not to invest in production capacity at all. Thus, the risk of power outages due to undersupply 

could increase significantly with higher intermittent production capacity. It is important to keep 

thermal capacity7 available to ensure supply also during conditions that are not favourable for 

intermittent sources of production. One good way of rewarding, and paying for, available 

capacity is thought to be by creating a capacity-based market structure (Brunekreeft, et al., 

2011, pp. 7-13). Because of this reason many countries are already deviating from the plans that 

are yet to be implemented, considerably lowering faith in Europe ever becoming one efficient 

wholesale market (Fritz, 2012). 

  

                                                             
7 Thermal capacity is referred to as condensing power plants’ power production capacity, which is 
equivalent to installed thermal power. 
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13 [W]ORLD VIEW 
The world view describes market characteristics which are affecting the formation and risk 

profiles of the market actors. These characteristics form price potentials, such as differences 

between geographies or time.  

13.1 TRANSMISSION CONGESTIONS 

The transmission congestions are important factors for the pricing in Europe and the Nordic 

electricity market. Without any transmission limitations, prices of electricity would be uniform 

throughout Europe except transmission tariffs (which would be very high if large investments 

are made in the electricity grid). The production capacity could (given a reasonably extended 

electricity grid) then be utilized in an efficient manner, which basically is the plan concerning 

harmonization of the European electricity markets (Electricity Market Group, 2008). By integrat-

ing electricity markets to a larger extent, then less peak load capacity is needed throughout the 

region, and the different areas can benefit from each other when intermittent plants are generat-

ing power (Söder & Amelin, 2011, pp. 22-24, 104-108). TSOs are managing the balancing of 

transmissions between areas, securing that transmission limitations are not exceeded (Ibid., p. 

9).  

13.2 PRICE AREAS 

As briefly described in paragraph 12.2, transmission congestions limit transmission between 

areas. The congestions create differences between supply and demand in different areas, given 

that the NTCs are reached between them. In turn, the price then will vary between areas. When 

hedging against the system price, differences between system price and area prices will not be 

considered. To include that difference, a Contract for Difference (CfD) needs to be established 

(Marckhoff & Winschulte, 2008, p. 258). The different price areas in the Nordic electricity 

system are illustrated in Figure 15 below. 
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FIGURE 15, THE NORDIC PRICE AREAS (SVENSKA KRAFTNÄT, 2013) 
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13.3 STORABILITY OF ELECTRICITY 

The processes of electricity production are largely adapted to the fact that electricity cannot be 

stored when produced. TSOs are constantly balancing the frequency on the grids, in order to 

ensure that supply meet demand momentarily. This very distinguished characteristic is affecting 

the price formation which, as previously described in paragraph 11, becomes more volatile than 

for other commodities. This is since the type of production plants that operate during different 

hours may vary considerably. There is a large difference in marginal cost between for example 

hydro power (low) and oil condensing power (high). The inability of storing electricity after 

production is also affecting the forward market, which in very short term reacts on forecasted 

weather conditions. This, is since weather, affects the marginal cost of production and thus the 

spot price (Söder & Amelin, 2011, pp. 54-55, 63-70). This is further discussed in paragraph 16 

below.  

Despite the inability of storing produced electricity, especially hydro power has the ability of 

storing energy in water reservoirs before production. The marginal cost of producing with hydro 

power varies depending on expected rainfall and supply to the reservoirs. When water supply is 

scarce, then the marginal cost of producing hydro power is higher relative to the case of a wet 

season, since water then has higher value. A typical characteristic of the Nordic electricity 

market is thus that the market is energy based. This means that the yearly demand is sought to 

be covered by available energy, rather than capacity. Available capacity of production is largely 

exceeding required capacity, but since supply of water to hydro reservoirs is intermittent, then it 

is not possible to utilise all installed production capacity. The situation of other European 

electricity areas, however, is virtually the opposite. Supply of coal, for example, is almost infinite 

but the capacity of production is instead limited (Analyst, 2013 [2]) (Storm, 2013).  

14 [T]RANSFORMATION 
This paragraph describes processes that take place on the Nordic electricity market, in order to 

rebundling risk for costumers. This includes more detailed descriptions of the trading processes 

and the different tools used, as well as the support functions for the transformation. The hedging 

process is described on a general level in paragraph 10 above, which is very similar to the one 

on the Nordic electricity market. Contracts used for hedging are the ones presented in paragraph 

12.1. They can be traded either on an exchange, or bilaterally (Trader, 2013).  

Due to the higher risk aversion of producers, the forward curve is normal on a long-term basis. 

This is clearly shown by the trend line in Figure 16 below. The large oscillations in price are due 

to seasonal variations. In winter price is high, and during summer price is low.  
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FIGURE 16, THE FORWARD CURVE OF ELECTRICITY AS OF MID-MARCH 2013 (VATTENFALL AB, 2013 (2)) 

The seasonal variations make it difficult to assess whether the forward curve is normal or 

inverted during front quarter or front year. In Figure 17 below, the front quarters from 

September 2012, December 2012 and mid-March 2013 are plotted. The trend line of March 

shows a clearly inverted curve, but it is rather deceiving due to the price decline in summer.  

The curves of September and December curves have very different trend lines compared to 

March, implicating that it based on this data is not possible to prove which actors are more risk 

averse in short term. The ragged structure on the forward curves indicate price declines during 

weekends when demand for electricity decreases. This is mainly due to less consumption in 

industrial production processes, commuter transportation and other services. These forward 

curves are plotted individually in appendix 1. 

 

FIGURE 17, FRONT QUARTER FORWARD CURVES FOR ELECTRICITY  (VATTENFALL AB, 2013 (2)) (NORD POOL SPOT, 2013 [5]) 
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a long time beforehand (1-4 years). There is a need for dividing the volumes, bidding only a few 

small contracts on a daily basis in order not to create extensive price decreases (Analyst, 2013 

[2]). This is also validated by market data displayed in Figure 18 below, showing volume in-

creases for the contracts that are close to maturity. 

 

FIGURE 18, TRADED VOLUMES ON OMX COMMODITIES (VATTENFALL AB, 2013 [4]) 

Timing of the market entrance depends primarily on (Jansson, 2013) (Analyst, 2013 [2]) 

(Blomqvist, 2013): 

 Risk aversion of the customer, which is created by dependency of electricity and will of 

carrying risk. A high risk aversion and dependency will make actors more prone of buy-

ing or selling a long time in advance. 

 

 Liquidity on the market. If there are few actors trading on the market, many customers 

are not willing to enter due to market insecurity. This especially applies to traders, which 

want the possibility of leaving their position (e.g. selling the contracts) at any time. 

 

 Expected spot price, which is either calculated from a model within the company or 

bought as a service from external actors. If the future’s price is lower than expected spot 

price, consumers are willing to buy. If the future’s price is higher than expected spot 

price, producers are willing to sell. 

 

 Time perspective of the trading. Typically traders have shorter time perspectives, since 

they weigh the alternative costs of locking capital in the contracts and value a high turn-

over. 

 

 Owners’ and stakeholders’ requirements on the business. If stakeholders are risk averse 

or have loans outstanding to the customer, they can require income and cost planning to 

secure amortization ability or profit levels. 
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15 [O]WNERS 
The CATWOE presentation in paragraph 5.1.1 postulate that the system owners are defined as 

those who in some significant way can affect or terminate trade. There are a number of such 

actors on the Nordic electricity market. Hedging is set up by the producers on one hand, and 

consumers on the other hand. Actors in the latter group, however, have less individual effect on 

the market compared to the producers since they are more abundant (Jansson, 2013). This 

corresponds to the liquidity discussion in paragraph 9.3, Market liquidity. Some cases of supply 

disruption have caused the prices to increase extensively, for example the closure of Finnish oil 

condensing plants and forced Nuclear maintenance during the winter of 2010 (Trader, 2013). 

Thus, producers can be regarded as important owners of the system.  

Also Nord Pool Spot has an important function, as the institution establishing the system price. 

Trust for the market system is one important factor for customers to begin trading. The Nordic 

system price is by many perceived as trustworthy, which make customers willing to trade. If, for 

example, the pricing model would be reconstructed, this could lower the trust for the system and 

make actors exit the market, decreasing liquidity (Jansson, 2013).  

16 [E]NVIRONMENTAL CONSTRAINTS 
The purpose of this paragraph is to investigate the constraints and restrictions on the Nordic 

electricity market, and describe in what way these affects the market function and its partici-

pants. 

16.1 TAXES 

The energy taxes do not affect the trade of financial derivatives directly, but rather indirectly by 

depressing or raising demand for electricity. Taxes are thus something that consumers need to 

consider when trading, since them will be added to the spot price along with grid tariffs. Indus-

trial customers however have a substantial lower tax than residential consumers, only amount-

ing to 0,05 SEK/kWh in Sweden. This can be compared with 0,29SEK/kWh for the residential 

sector. The concept applies to all Nordic countries, with some differences in tax levels for the 

residential consumers (Thorstensson, 2012). 

16.2 SEASONS & CLIMATE 

Climate insecurities can be divided into different categories. Firstly, and most importantly for 

the Nordic system, is the annual inflows of water to the hydro reservoirs. Since the expected 

inflow of water is deciding how much hydro power will produce, it is a very important factor for 

the pricing of electricity. Expectations of a dry year will make the hydro generators less prone of 

discharging water, causing thermal power to produce and thus raising prices. Similarly, expecta-

tions of a wet year will decrease prices, since hydro power is expected to have long production 

duration curves. (Söder & Amelin, 2011, pp. 25-27) 

Secondly, there are variations on a shorter basis. These are more important for intermittent 

power production sources such as wind- or solar power. It is difficult to forecast intermittent 

production, which creates volatility in the spot price. Since operational costs are low, and it is 

necessary to sell generated power, marginal costs for these units are low. This will decrease 
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prices and create a need for regulating power that is easily stopped or started to compensate for 

erratic generation from the intermittent sources (Green & Vasilakos, 2008, p. 3219). 

17 AN INTEGRATED NORTHERN EUROPEAN UTILITY WHOLESALE MARKET 
The EU’s plan, roadmap 2050, includes directives for a more harmonised European electricity 

market (European Climate Foundation, 2010). The next important step in the development is to 

integrate the Nordic electricity market with the ones of Germany and Benelux countries (hence-

forth called the continent). These transitions will in long-term incentivise increases of NTCs 

between the Nordic electricity market and neighbouring European countries (Svenska Kraftnät, 

2011, p. 11).  

Especially affected by the EU plans for zero carbon emissions, presented in paragraph 12.4 

above, are all large coal utilizing countries among others Germany, the Netherlands and United 

Kingdom. Especially Germany has focused on intermittent electricity generation from wind and 

solar sources. Modelling has shown that the fluctuations in production will cause base load 

plants (mostly coal) to have a shorter running time, implying decreased returns to capital costs 

(Behrendt, 2012). Also, larger amounts of intermittent production installed result in lower 

returns to wind and solar power. This is due to the drastic price decreases during periods with 

high solar radiation, wind speeds or both will induce because of the large increase in supply to 

the grid (Hirth, 2012) (Green & Vasilakos, 2008, p. 3219). The situation in Germany is affecting 

prices in the Nordic area, especially regarding Denmark and south of Sweden. Since a large part 

of the Nordic power already origins from carbon neutral production plants, there is no need to 

make the same substantial changes as forced in for example Germany. In spite this, there are 

plans of expanding intermittent production capacity also in the Nordic area. Combined with high 

price volatility in the Continental systems, it is thus probable that also the Nordic system will 

experience increased price volatility (Fritz, 2012). 

As the NTCs to the continent are increased, price levels in the southern parts of the Nordic 

electricity market will cohere in a larger extent with German prices. An analysis on this subject 

has recently been published by the Market Design programme, a sub-organisation of Elforsk 

with the goal of examining challenges surrounding the liberalisation of the Swedish electricity 

market (Market Design, 2013). The report showed that the system price coheres well with 

Norwegian and Finnish prices, as well as with price areas SE1, SE2 and SE3 in Sweden. The areas 

SE4, DK1 and DK2 cohere better with each other than with the system price. The system price 

shows a better correlation with all price areas in the Nordic than the German price does. The 

Nordic system price correlation coefficient is 0.96 compared to 0.82 for the German price 

(Naess-Schmidt, 2012). The correlation coefficients are likely to converge when NTCs are 

increased, since power can be distributed between the Nordic and German systems in a larger 

extent, thus creating shared price equilibrium in different price areas. This, in turn, enables the 

wholesale markets to be integrated, in accordance with the EU plans. For enabling efficient 

congestion management, customers and stakeholder organisations address the need for alterna-

tive contracts to be introduced.  

Today, the Nordic TSOs are managing interconnectors by countertrading, in order of not 

exceeding transmission limitations. The revenues are obtained by tariffs on import and export 

volumes of electricity. During the Florence Forum in December 2009, it was decided that all 

TSOs in European utility markets will be obligated to issue contracts for the transmission 
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capacities between price areas. This as a means of increasing interconnector utilisation 

efficiency. The contracts should be auctioned by, and thus creating revenues for, the TSOs. 

Hagman & Björndalen (2011) have surveyed 14 of the largest stakeholders on the European 

market including power producers, traders and stakeholder organisations regarding the 

opinions about financial derivatives for interconnector congestions. The results are largely 

favouring Financial Transmission Rights (FTRs), which is a cash-settled contract giving the 

holder right to transmit a specific capacity in a specified direction during a decided period of 

time. A FTR thus allow actors to hedge the price difference between two areas by purchasing the 

contract. Also Physical Transmission Rights(PTRs) were advocated. PTRs are similar to FTRs, 

but physically settled. CfDs were considered as an inferior solution compared to the other two 

by more actors than advocated it. A summary of the survey is found in Table 2 below. 

Contract type 
Number of advocators 
for the contract 

Number of opposers 
for the contract 

FTRs 13 1 

PTRs 10 2 
CfDs 3 5 

TABLE 2, OPINIONS REGARDING TRANSMISSION CONTRACTS (HAGMAN & BJÖRNDALEN, 2011, PP. 30-34) 

In general, south European generators claim that PTRs are superior to FTRs since these con-

tracts in a larger extent reflect the true value of underlying asset. Nordic actors, however, claim 

that FTRs are a better solution for managing congestions. The primary argument is that FTRs 

provide more liquidity since it is cash settled. CfDs are considered a good solution in areas were 

liquidity differs between price areas, such as between Portugal and Spain and in the Nordic 

system. Other actors claim that CfDs are not fulfilling the requirements to enable cross-border 

competition in the forward market between fundamental competitors. (Ibid.) 
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SECTION 5 – EVALUATION OF COMMODITY MARKETS  
This section contains an investigation seeking the most suitable commodity markets to compare 

with the Nordic electricity market. Some of the most common markets, diverse in category and 

type, are presented in Table 3 below. 

18 EVALUATION PROCESS 
In the process, availability of data, research and interviewees has been important factors. 

Generally, as discussed in paragraph 8, there is little research made on commodity markets 

relative to stock markets. It has thus been important to choose markets of which data and 

information can be found. Despite the fact that the evaluated markets are large and important 

for world economics, it has been a struggle finding sufficient information about the market 

structures to enable the evaluation. Therefore, categorisation is based on somewhat subjective 

assessments from interviews and literature research. High, moderate or a low degree of corre-

spondence with the table headlines has been market with black, grey or blue colour respectively. 

Also to be noted, is that some important factors may have been excluded from the table.  

The evaluation is based on some of the most important characteristics found in section 3 and 4, 

which significantly impact on market function. These are briefly described below. 

 Low storability is an important characteristic of the Nordic electricity market, which is 

described by many as one of the most crucial factors in commodity pricing (Radetzki, 

2008) (Söder, 2013). Prices become more volatile due to reactions in supply and demand 

of the good. 

 

 Climate and/or seasonal dependency is affecting the supply and demand for commod-

ities over the year, and thus also affects the pricing mechanisms. Electricity will typically 

experience a demand increase during winter due to need of heating. Supply will fluctuate 

during seasons depending on the inflow to hydro reservoirs, wind and solar conditions.  

 

 Capital intense production of a commodity will create low supply elasticity, making 

short term fluctuations in demand very price sensitive. This is typically the case for elec-

tricity production. 

 

 Substitutability of a good will impact on the demand. If the substitutability is low, then 

a decrease in supply will increase price due to constant demand. Electricity has a low 

substitutability. 

 

 Transportation costs will impact on the trade of the commodities. In the evaluation, 

transportation costs are high when a relatively large part of the consumer price consti-

tutes of transportation costs. This is typically the case for electricity, for which transmis-

sion tariffs amount to approximately one third of consumer price. 

 

 

 Market size indicates the number of producers or consumers or both on a market. It 

does not register potential market power relations, but provides implications of how 
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many players are acting on the markets and whether they are international or not. Some 

large sized markets are rather regional, but do have many international traders acting on 

them. Others could be small in size, with a few internationally disperse actors. 

 

 Liquidity is, as discussed in paragraph 9.3, an important factor for determining how well 

a market does function. If a market has low liquidity, then the pricing may not reflect the 

true supply and demand intersection. This is one of the most important arguments in the 

discussion about market size and division of the Nordic electricity market into more are-

as. 

In Table 3 below, the evaluated commodity markets are presented. The Nordic electricity market 

is also inserted as an object of comparison. Black colour indicates a high value, grey colour 

indicates a moderate value and blue colour indicates a low value.  

 

These estimated ratings are relative the other evaluated markets, and thus may change when 

comparing with other markets. 

19 PASSED CANDIDATES 
The choice of markets is made with consideration to diversity and similarity to the Nordic 

electricity market. The chosen markets are (1) lean hogs due to similarities in storability and 

transportation, (2) steel billet due to the relatively recent exchange introduction, low market 

liquidity and high price volatility, and (3) crude oil since it is a liquid product with two explicit 

markets. These will be discussed extensively in coming sections. 
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TABLE 3, EVALUATION OF COMMODITY MARKETS 

  

Market Category Storability Climate/ 
seasonal 

dependency 

Capital 
intensity 

Substituta- 
bility 

Transportation 
costs 

Market size Liquidity 

Nordic electricity market Energy             

Feeder cattle Agricultural                   

Lean hogs Agricultural                

Brent Crude oil Energy                     

CER Emissions Energy                         

Coal Energy                      

EEX Energy                   

Electricity certificates Energy                    

Natural gas Energy                 

WTI Crude oil Energy               

Soybeans Grains                  

Wheat Grains               

Copper Metals               

Steel billet Metals                

Coffee Softs                      

Sugar Softs               
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SECTION 6 – LEAN HOGS 
The lean hogs futures contracts are traded on Chicago Mercantile Exchange (CME) in the US. 

Each future contract is for 40 000 pounds (approximately 18 tons) of lean hogs, which is deliv-

ered as hog carcasses (Quandl, 2013). Lean hogs contracts are cash-settled, which means there is 

no physical exchange of hogs at maturity. This implies that also customers not involved in 

producing or consuming lean hogs can trade. The effect is a more harmonized market, since 

traders will even out anomalies in pricing (Blomqvist, 2013). Price development for the Febru-

ary contract each year from 1970 to 2014 is displayed in Figure 19 below. 

 

FIGURE 19, PRICES OF LEAN HOGS FUTURE CONTRACTS FEBRUARY 1970-2014 (QUANDL, 2013) 

20  [C]USTOMERS OF LEAN HOGS 
This paragraph will describe the system’s customers, which are defined as the actors who carry 

risk on the market. The group primarily consists of producers, traders and consumers of lean 

hogs. The consumers are defined as merchants, either selling the meat to retail companies or to 

industrial users. Also, industrial users can be direct customers.  

20.1 ANIMAL KEEPERS AND SLAUGHTER HOUSES 

The producers of lean hogs does, as is the case on all commodity markets, carry the largest risk. 

The primary risk factors for the supply of lean hogs are weather, diseases and cost of forage 

which heavily can impact the availability of meat (CME group, 2012). Animal keepers have 

expenditures early in the production process. Investments in piglets, forage and pigsties are 

required to be made long before any meat will be sold. When the animals reach an age of about 6 

months, they need to be slaughtered. Since it is not possible to store meat for long time periods, 

it needs to be sold close to slaughter (Signal Financial Group, 2013). If not holding futures 

contracts, low spot prices at date of vending would lead to losses carried by the animal keepers. 

Thus, the producers’ willingness to hedge is higher than the consumers’, leading to a situation 

where risk premium is paid by animal keepers. The lean hogs market shows signs of seasonal 

variations, caused mainly by the price of underlying assets such as animal forage. This is dis-
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played in Figure 20 below, which shows forward curves of lean hogs from 2010-2012. The 

seasonal behaviour will be further discussed in paragraph 25, [E]nvironmental constraints. 

 

FIGURE 20, FORWARD CURVES OF LEAN HOGS FUTURES CONTRACTS (QUANDL, 2013 [3]) 

The risk premium size is highly dependent on market liquidity. If the bid-ask spread is large 

(indicating that liquidity is poor), the risk premium increases. If the market is stable and has a 

high liquidity, then risk of holding lean hogs positions on the futures market decreases. Liquidity 

and volatility have by Frank & Garcia (2010, p. 222) been identified as the most important 

determinants of the risk premium for livestock markets in the US.  

Efficiency of risk minimizing hedging is weaker for non-storable than for storable commodities. 

Yang & Awokuse (2003, p. 490) argue that this creates a risk of suppliers leaving the futures 

markets, searching for alternative ways of minimizing risk. The exchange system does, however, 

have an important price discovery function. Future prices often serves as reference price when 

establishing bilateral contracts. This is discussed further in paragraph 23.1 below. 

20.2 TRADERS AND CONSUMERS 

Of US lean hogs production, about 27% is exported, which means the market is mainly domestic 

(Signal Financial Group, 2013). This is, since consumers want to be situated in the proximity of 

the producers (due to high transportation costs and relatively low storability) and because 

traders are prone of hedging risks relatively close to their clients. Having a portfolio risk profile 

that coheres with regional market development is regarded as important by many customers 

since both competing firms’ financial status as well as consumers’ purchasing power is highly 

dependent on the regional situation. This also applies to industrial consumers of lean hogs, as 

for example food processors (Jansson, 2013). Consumers’ demand elasticity for lean hogs is 

relatively low, causing a stable demand (Harlow, 1962, p. 43). A close substitute to lean hogs is 

beef. Thus, price of beef will somewhat impact the demand of lean hogs (Lin & Roberts, 2006, pp. 

7-8). 
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21 [A]CTORS ON THE LEAN HOGS MARKET 
All the parties mentioned in previous paragraph, customers, are also actors in the CATWOE-

model because they take part in activities on the market. Below, also actors that are not costum-

ers are presented. Their roles are important, but do not involve carrying risk in form of direct 

exposure against the lean hog’s price. There are more actors than described in this paragraph, 

but they are considered to be less vital to the market functions. The most important actors for 

the lean hogs market are the Chicago Mercantile Exchange, governments, trading institutions 

and diverse providers of other support functions. There are also many different stakeholder 

organisations which are involved in the lean hogs market, mainly represented by customers and 

governmental institutions. Often the stakeholder organizations are regional, representing 

interests from a state or a group of animal keepers. See for example U.S. Meat Export Federation 

(2013) and Minnesota pork board (2013). 

An actor that is particularly involved on the market is the Chicago Mercantile Exchange, where 

trade is conducted by both open outcry on the trading floor and electronic ordering (CME group, 

2012). CME offers a large diversity and abundance of financial derivatives within currencies, 

energy and commodities. Lean hogs are the eighth most liquid contract within the commodities 

group, which contains about 70 different contracts (CME Group, 2013 [3]).  

22 [T]RANSFORMATION, LEAN HOGS TRADING 
The primary contracts are futures, opening seven times every year representing the delivery 

months noted in Table 4 below. Trading is commenced 18 months before maturity. The option 

contracts are based on the futures, giving the holder right (but not obligation) to close futures 

contracts.  

Type Delivery months Time to maturity Responsible exchange 

Future Feb, Apr, May, Jun, Aug, Oct, Dec 18 months CME 

Option Feb, Apr, May, Jun, Aug, Oct, Dec 18 months CME 

TABLE 4, AVAILABLE LEAN HOGS CONTRACTS (CME GROUP, 2011) 

Figure 21 below illustrates the volume of traded lean hogs futures contracts over time. Values 

are on a daily basis. Between 1980 and 2004 the number of daily traded February futures 

contracts for each year, e.g. liquidity, have been within a limited range. From 2005, liquidity of 

the lean hogs contracts has substantially grown. This is by Marshall, et al., (2012, p. 11) partly 

explained with the growing interest traders have shown for commodity markets. Commodities 

are considered to have diversification benefits for stock and bond portfolios. Also, the increased 

liquidity is considered to be an effect of more extensive electronic trading (Frank & Garcia, 2010, 

pp. 209-210).  
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FIGURE 21, NUMBER OF DAILY TRADED LEAN HOGS FUTURES WITH CLOSING FEBRUARY 1970-2014 (QUANDL, 2013 [2]) 

23 [W]ORLD VIEW 
The lean hogs market is old, reaching back to before the Second World War. Futures were 

introduced after the Second World War. The possible geographic market size depends primarily 

on two factors, partly the storability, and partly the transportation costs. As these two factors 

have increased and decreased respectively during the 20th century, the market has grown. 

23.1 STORABILITY OF LEAN HOGS 

The storability of livestock is low. The animals need to be slaughtered in a specific period after 

borne, to keep a good quality on the meat and reach certain requirements. It is also a capital cost 

of keeping animals alive longer than necessary since they need forage and supervision. When 

slaughtered, lean hogs can be cold stored during a short period of time before being sold to end 

consumers. Excess meat is made into bacon, and can be stored frozen. This product, however, is 

cheaper than fresh meat and thus less profitable (Lin & Roberts, 2006, p. 8). Thus, the supply 

variations cannot be evened out by storing the hogs, and therefore prices are likely to be more 

volatile than for storable goods. 

23.2 TRANSPORTATION COSTS OF LEAN HOGS 

Transportation costs are relatively high. As explained in paragraph 18, transportation costs are 

evaluated as the impact is has on the consumer price. In the case of livestock, transportation can 

be achieved in two ways. Either the animals are transported alive or slaughtered. If transported 

alive, there are jurisdictions about space per animal and other sanitary conditions. The trans-

ports cannot be too long; hence all transports especially long ones increase the risks of health 

problems. The other way of transporting lean hogs is to first slaughter them and then transport 

the meat. This will also demand certain conditions, such as sanitary and cooled cargo rooms. 

Transportation to other continents (outside North America) is not economically feasible 

(Blomqvist, 2013). 

24 [O]WNERS OF THE LEAN HOGS MARKET 
The owners of this system are the ones who can interrupt the activities of trading. These are the 

customers. In the lean hogs market, however, there are no dominant customers who can, by 
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themselves, interrupt the trade. This largely depends on that the lean hogs production is not, 

relative to for example the steel billet industry, very capital intense. Therefore, a large number of 

producers exist. The same applies to consumers. Since the final product of lean hogs is food in 

some form, authorities have the power to stop trade completely if health risks are found with 

consuming hogs. Therefore, governmental institutions are powerful owners of the lean hog 

market.  

25 [E]NVIRONMENTAL CONSTRAINTS 
As previously discussed in paragraph 20.2, the physical market for US lean hogs is concentrated 

to North America. Furthermore, lean hogs futures are only cash settled. Therefore, taxes are not 

considered as an important pricing factor. There are, however, substantial impacts of the climate 

and seasons, explained in depth below. 

In paragraph 20.1 above, seasonal changes were found in the future curve of lean hog contracts. 

The characteristic of seasonal variation will be further discussed in this paragraph.  

Figure 19 in paragraph 20 and Figure 21 in paragraph 21 above show the number of trades over 

time. However, the graph only contains February contracts. Therefore it is impossible to tell 

whether lean hogs futures liquidities are showing signs of seasonal variations or not. Due to low 

storability of the commodity, it is likely that seasonal variation in demand, production costs or 

supply would show over the seven contracts traded each year. In Figure 22 below, liquidities for 

all contracts closing during the years 2010-2012 are shown. The traded volumes are cumulative, 

and thus do not show variations over time. Each of the three years show trends of increasing 

trade for contracts closing during October and December. This pattern can partly be smoothed 

out by the fact that liquidity is constantly increasing over time. It is therefore difficult to draw 

any conclusions from this incline. The May-contracts have very low cumulative liquidities, which 

is consistent over the years. The cause of this is not found. 

 

FIGURE 22, NUMBER OF TRADED LEAN HOGS FUTURES FOR EACH CONTRACT 2010-2012 (QUANDL, 2013 [2]) 

Despite the relatively stable liquidities of the contracts over the years, the price is showing 

another seasonal behaviour that can be seen in Figure 23 below. The graph shows average price 
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for each contract with closing month in the months displayed on the x-axis. Average prices are 

significantly higher during summer, which is a consistent behaviour of all three years included in 

the graph. Average prices are considered to be representative for the average spot price expecta-

tions considering each contract. However, since liquidity is higher closer to maturity, shown in 

Figure 21, the average price does not tell at which actual price trade was most extensive.  

 

FIGURE 23, PRICES OF LEAN HOGS FUTURE CONTRACTS 2010-2012 (QUANDL, 2013 [2]) 

There are several reasons claimed to cause these seasonal variations in price. As stated in 

paragraph 20, one important risk factor of lean hogs is animal forage costs. These affect the 

profitability for lean hogs producers. If forage costs, i.e. the price of corn, are high then the 

producers are less willingly accepting a low futures price. Corn prices are highly correlated with 

climate extremes such as drought (Stewart, 2012). Other factors that will affect the supply of 

lean hogs are (1) the number of sows farrowing, (2) number of hogs slaughtered, (3) quantity of 

pork produced, (4) cold storage holdings of pork, (5) retail price of pork and (6) prices received 

by farmers for hogs (Harlow, 1962, p. 2). Thus, there are a number of factors affecting the 

supply, implying that it is elastic to changes in price. Also, due to heavy impact of the above 

mentioned factors, the supply curve will tend to shift with e.g. corn price changes. On the other 

hand, demand elasticity of pork is low, speaking for a relatively constant demand (Ibid. p. 39-

43). The primary factor affecting pricing is therefore the lag in lean hogs production from 

farrowing sows to slaughter. When corn prices are low, an abundance of lean hogs will be 

farrowed, but they cannot be slaughtered before six months, then creating an excess supply 

lowering prices. This will, in turn, cause producers not to breed as many hogs – instead creating 

an excess demand half a year later. This makes the price cyclical. 
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26 A SMALL MARKET TRANSITION – CHANGING PHYSICAL PRICE REFERENCE 
Before 1997 the lean hogs contract pricing was based on total weight of the pig carcasses, rather 

than on only the meat as is the case today. There was also a possibility for physical delivery, 

which was removed during the transition (Frank & Garcia, 2010). The current reference price 

used for Lean Hog contracts is the CME lean hog index (CME Group, 2013 [4]) The index is a two-

day weighted average of average net prices for slaughtered pigs in US. The data is collected and 

presented by the U.S. department of Agriculture (USDA) every working day. The data is collected 

in the LM_HG201 report (USDA, 2013). Today’s reference price is thus a price which is not 

necessarily used for any physical trading of hogs. It consists instead of a variety of wholesale 

plats prices weighted and averaged.  

By examining the change in reference pricing, market reactions can be found. As seen in Figure 

25 below, the daily price spread between different contract prices increased before the market 

transition. The red striped line shows the time for the change in underlying asset. During 

summer 1995, the spread was about 10 cents/pound, compared to a spread of 40 cents/pound 

prior and after the pricing transition. It is difficult to tell whether this phenomenon was only 

affected by the transition, or also by other factors. It is, however, a data-based description of the 

market reactions on a change. The more and/or larger market changes that occur, the less 

customers will trust marketplaces. Changes can raise doubt about how other players will act on 

the market, if pricing is right and if the market is unstable. This transition was very small, in 

principle only changing the price per weight, but nonetheless it probably had effects on the 

market, creating a larger spread.  

 

FIGURE 24, PRICES OF LEAN HOGS FUTURES CONTRACTS 2010-2012 DISPLAYED AS CONTRACT SERIES (QUANDL, 2013) 

Contracts with settlement during the year of the transition, experience price increases to the 

levels of 2010’s price, see Figure 19 above. This implies that the contracts can have been driven 

to high prices due to some level of insecurity experienced by the market customers. As a refer-

ence, consider the steel billet case, presented in section 7 below, which has a very significant 

price increase during market introduction. It is likely that the relatively small changes in price 

behaviour are in proportion to the market intervention’s importance, a postulation that is 

somewhat validated by the steel billets case, which is presented in next section. Another, more 
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extreme, example of an overpriced commodity is the carbon dioxide emission rights. Contracts 

for different time periods have been introduced from the beginning of 2000. Every introduction 

of these contracts has led to an overpricing of the emission rights directly after introduction. The 

common understanding is that they have fallen to the true value – which is nil. 

Figure 24 below, shows that the volatility increases drastically for the contracts with maturity in 

the winter months 1998-1999. These contracts were issued shortly after the pricing change. 

Thus, it possible that the reference price switch did create a higher volatility. There can be 

several reasons for the drastic volatility increase. One probable explanation, however, is that the 

market expectations of what the accurate price level was, changed after the pricing change. This 

new situation could create market insecurity regarding the price level for correct demand and 

supply intersection, which should reflect the existing market situation. This reasoning is sup-

ported by the price of the lean hogs futures, which rose significantly directly after the transition 

was made. This is partly explained by the change in underlying asset from whole pig carcasses to 

only meat. However, based on the price decline directly after increasing prices, the contracts 

were likely perceived to be overpriced. This created volatility increases for contracts with 

exposure to the whole period of insecurity, as can be observed by the presented data. This also 

correlates well with the reasoning of the market actors, market changes tend to induce an initial 

period of overpricing of the underlying asset. 

 

FIGURE 25, AVERAGE PRICE AND VOLATILITY FOR LEAN HOGS FUTURES CONTRACTS 1996-2000 (QUANDL, 2013) 

To be noted is that the seasonal behaviour is affecting price volatility. On a yearly basis, the 

volatility of contracts with maturity during summer is higher. This applies to all years displayed. 

To conclude the findings from the pricing transformation, there some evidence supporting that a 

small change in pricing affects the market functions in a serious manner. The prices are assumed 

to have risen from normal levels during a short period of time, but then decrease again. This 

seems to be a typical behaviour on commodity markets where system changes have been 

implemented. Price volatility for the summer contracts is higher than for other lean hog con-

tracts. This finding correlates well with the higher prices during summer. 
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27 SUMMARY OF KEY POINTS 
 Live stock markets show signs of seasonal dependency. 

 

 A relatively small change in contract pricing created substantial increases in price and 

volatility. 

 

 When a change in pricing is made, then the price spread between different contract 
seems to increase, due to a divergence in expectations about real price, i.e. the price at 
which demand equals supply. 
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SECTION 7 - STEEL BILLET 
This section presents the LME steel billet market, following a CATWOE structure. Thereafter 

follows a case study focusing on identification of price premium carriers and the market changes 

during its lifespan. Steel billets are large bars of raw steel with physical specifications defined by 

the LME. The length of a steel billet varies from 5,8 - 12 meters and the dimensions 10x10cm to 

15x15cm. Steel billet is a semi-finished casting product used to manufacture a variety of steel 

products. The steel billet future is relatively recently introduced, in 2008 at the London Metal 

Exchange (LME, 2013 [1]). The trades are physically settled at LME certified delivery points 

placed around the world. The steel billet market has been quite unstable during its short lifespan 

mainly because it has been hard to find end-customers to the semi-finished product (Jansson, 

2013), (Storm, 2013).  

28 [C]USTOMERS 
The most risk-averse actors on the steel billet market are the producers which therefore pay a 

premium to the other actors participating on the market. This is naturally expected by the actors 

on the futures market for steel billet as well as for all other commodities (Jansson, 2013).  

Figure 26 below illustrates the future curves for mid-march 2009-2013. It clearly shows that the 

curve is almost perfectly correlated with a linear transient. The magnitude of the slope is mostly 

the same during the lifespan of steel billet trade. The future curve was inverted in march 2009, 

but changed to normal somewhere between March 2009 and March 2010. The inverted future 

curves are rare and occur only under great uncertainty. The inverted future curve from March 

2009 can therefore be explained by the prevailed economic situation after the autumn 2008 

plunge. The curves from 2010-2013 are to be considered normal for the steel billet and com-

modities in general. The high resolution future curves are found in appendix 2. 

 

FIGURE 26, STEEL BILLET FUTURE CURVES (BLOOMBERG, 2013) 
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28.1 STEEL PRODUCERS 

Steel billet producers is the most important group of customers acting on the steel billet market. 

The producers are driven to the market by their repulsion for volatile steel prices and the 

consequences it has on revenues. Steel production is very capital intense and has long pay-off 

times. Therefore they have obligations for shareholders and need stable income streams. The 

fixed costs for production sites are high and therefore the producers typically desire stable 

revenue streams. The production is relatively predefined depending on the capacity of the site 

and global long term pricing of the steel. The short term changes in production are relatively 

small. The cost of steel production consists mainly of fixed costs and therefore plants are 

required to utilise full capacity. As described above, the producers have a need for steady 

revenue streams and are therefore significantly more risk-averse compared to the consumers 

and traders. 

28.2 INDUSTRY 

The natural counterparts of the steel producers are the steel mills. According to Jansson (2013) 

the main issue with steel billet is that there are only a few end-users of billets. The billets are 

therefore sold to steel mills where they are refined into more sophisticated steel products, which 

in turn can be sold to the actual users. These mills are often equipped with capacity to produce 

steel billets from ore. Traditionally processing from ore to final product has been done by a 

single actor. This implies that the steel industry in general sees little hedging value in the steel 

billet. Hence there are no end users for steel billet; the basis risk is considered too high leading 

the actors to choose other hedging products.  

28.3 TRADERS 

The steel billet market is a relatively liquid market and therefore attracts traders and specula-

tors. Historically it has been very volatile and there have been several major structural changes. 

Figure 27 and Figure 28 below shows the three month price for steel billet and the monthly 

standard deviation over the entire exchange active period. The price plummeted shortly after 

introduction, probably because the global finance crisis at the end of 2008. It is also believed 

that new markets tend to be volatile in the beginning, because the asset is overvalued (Trader, 

2013). After the first price drop, the market has become more stable, but the steel billet market 

is still considered unstable by the actors (Home, 2012). This instability has not been welcomed 

by the hedgers and many traders, although there are some traders which are allured by the 

uncertainty and risk. Thus the steel billet market is expected to hold mainly risk prone traders. 

These traders are looking for high leverages and are willing to accept the inherent issues of the 

market (Jansson, 2013). A more detailed description of how the behaviour of these traders 

affects the market dynamics compared to some more risk-averse traders on other markets is left 

outside this study. 
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FIGURE 27, THE STEEL BILLET PRICE DEVELOPMENT (BLOOMBERG, 2013) 

 

FIGURE 28, VOLATILITY OF STEEL BILLET 2008-2013 

29 [A]CTORS ON THE STEEL BILLET MARKET 
All parties mentioned in previous paragraph, customers, are also actors in the CATWOE-model 

because they take part in activities on the market. Below, also actors that are not costumers are 

presented. Their roles are important, but do not involve carrying risk in form of direct exposure 

against the steel price. There are more actors than described in this paragraph, but they are 

considered to be less vital to the market functions. The most important actors for the steel billet 

market are the London metal exchange, governments, trading institutions and providers of 

support functions.  

29.1 LONDON METAL EXCHANGE (LME) 

LME is one of the world’s largest marketplaces for commodities. LME specialises in industrial 

metals and is considered the dominant exchange for those commodities. LME offers contracts for 

aluminium, copper, lead, nickel, steel billet, tin, zinc and other major industrial metals. The 

offerings include clearing, trading and price-risk management. Due to market size, LME was one 

of the first of the large exchanges to offer products based on steel. Steel and iron are not as 

standardised as the other basic industrial metals; hence there are a variety of steel qualities and 
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“recipes”. A steel billet consists of a mixture of different ingredients which can vary significantly 

between billets. A large steel producer has thousands of “recipes” for different purposes. Finan-

cial products based on steel products are therefore not viable globally, making the actual users 

of a specific quality very few compared to other metals. For example copper is traded as pure 

copper without any alloys (LME, 2013). Steel billet has been a highly marketed product for the 

exchange although it is one of the minor assets by traded volumes, as seen in Table 5 and Figure 

29 below. 

TABLE 5, TRADED VOLUMES ON LME 2012 

(LME FREE DATA SERVICE, 2012) 

Commodity Volume [Lots] 
Aluminium 11 196 418 
Copper 6 668 862 
Zink 4 896 749 
Lead 2 332 143 
Nickel 1 711 754 
Tin 279 985 
Aluminium alloy 148 672 
NASAAC (Aluminium 
alloy) 136 205 
Steel billet 28 153 
Cobalt 1 513 
Molybdenum 80 

Total 27 400 534 
  

The steel billet has during a long time been a challenge for the exchange. The steel futures trade 

has to a large extent moved to other exchanges such as CME in Chicago and SSEC in Shanghai. 

These exchanges offer more refined products, such as hot rolled coil, which reduces basis risk 

for industries that use these products as raw materials in production (Jansson, 2013). 

29.2 GOVERNMENTS 

Nations and regions can in many ways interfere to the natural trade patterns of a good. Although 

governments have only little impact on how the LME futures are traded, they affect the physical 

deliveries. The steel billet market has failed to reach sufficient liquidity for the physical contracts 

imitating the arbitrage possibilities (Home, 2012). The steel billet contract consisted originally 

of two local contracts, the Mediterranean and the Far East contract. When the steel billet market 

was created 2008 the new contract failed to catch the physical flows of steel at both of these 

hubs. Home (2012) argues that the reason for this was restrictions by the local authorities in 

Turkey and China. 2008 China increased the export duties of steel billet and effectively removed 

most of the steel billet trade in the Far East. A similar development occurred in Turkey where 

the local steel mills because of taxation could not use the steel billet for hedging of physical flows 

of steel from the Black Sea. LME added delivery points in US, Italy and Spain in an attempt to 

create physical liquidity for the market (LME, 2013 [1]). The US hubs were successful in terms of 

reaching liquidity, but the market could not arbitrage from the physical trade (Home, 2011). 

That is assumed to be the reason why LME has now withdrawn the US hubs (LME, 2013 [1]). 

The delivery points in Italy and Spain have not yet become successful. The main reason for this is 

assumed to be issues with the Italian authorities and the physical distance from the Black Sea to 

Spain (Home, 2012). 

Copper 
24 % 

Zink 
18 % 

Lead 
9 % 

Nickel 
6 % 

Other 
2 % 

Aluminium 
41 % 

FIGURE 29, THE LME TRADE DISTRIBUTION AMONG 

DIFFERENT METALS 2012 

(LME FREE DATA SERVICE, 2012) 
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30 [T]RANSFORMATION AND TRADING OF STEEL BILLET CONTRACTS 
The transformation process is similar to the other commodity markets. As described in previous 

sections, the price development risk is traded at an exchange. Steel billets are traded at the LME 

and delivered at a LME authorised delivery point, which are allocated around the world. Steel 

billets are traded with the, concerning metals, typical approach where reference price is the 

three month price and not the actual cash prices as for most non-metal commodities (Trader, 

2013). The trading style originates from the historical structure where it took up to three 

months to deliver metals from mills to the customers.  

Futures are the only type of steel billet contract offered by the LME. Maturity varies from daily 

contracts for the near future to monthly contracts ranging from 7 to 15 months. Table 6 below 

illustrates these contracts and their specifications. The contracts are settled physically at one of 

the approved delivery points. However in reality most contracts are never physically delivered. 

The contract size is always 65 tonnes and the currency used is USD (LME, 2013 [1]). 

Type Prompt dates Time to maturity Responsible exchange 

Future Daily 0 – 3 months LME 

Future Weekly 3 – 6 months LME 

Future Monthly 7 – 15 months LME 
TABLE 6, AVAILABLE STEEL BILLET CONTRACTS (LME, 2013 [1]) 

31 [W]ORLD VIEW 
One of the major issues with the steel billet market is that the product is not refined and the lack 

of real end users for the billets. Steel billet is a middle stage of the supply chain and traditionally 

often integrated to the other parts of the chain whiten one single factory or company. Therefore 

most producers either process their steel to higher quality or sell it as ore. Thus, in the middle of 

the supply chain the steel billet is not an obvious undelaying asset to be used as a hedging 

instrument. There are several other competing contracts of which the most significant ones are 

the hot rolled coil (HRC) contracts offered by CME (2013 [2]) and LCH (2013), the SHFE rebar 

(2013) and various scrap metal contracts. There are also other local contracts available for steel 

trade, further complicating the hedging procedures for steel products. Most of the steel trade is 

not conducted via an exchange, but directly between producer and customer. Steel is in its 

nature non-standardised since it is not a basic metal but an alloy of different materials. This is 

making it a commodity difficult to hedge. The many efforts to standardise trade has been 

historically unsuccessful and much point towards a continued uncertainty and competition 

between the different exchanges and their products.  

32 [O]WNERS OF THE STEEL BILLET MARKET 
Regarding the owners, and thus growth or decline of the cleared volumes, the steel billet market 

is rather special. The owners of the market are naturally, as for all commodity markets, the 

customers of the market, but there have been an interesting development on the market.  The 

cleared volumes are decreasing, which can be seen in Figure 30 below. The overall liquidity is 

assumed to be too poor for traders, and the basis risk too high for hedgers (Storm, 2013) 

(Jansson, 2013). 
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FIGURE 30, TRADE VOLUMES FOR STEEL BILLET (LME FREE DATA SERVICE, 2012) 

Two conclusions can be directly drawn from this development. Firstly, it strengthens the 

assumption that owners also are the customers on the market. Secondly, the steel billet market 

is being challenged, by the market forces. If the development is not reverted, the market is likely 

to lose sufficient liquidity to keep traders and speculators. This would seriously threaten steel 

billet market existence.  

33 [E]NVIRONMENTAL CONSTRAINTS 
Steel billet as a product is very durable. It is not physically affected by the environment. There is 

no correlation between steel prices and climate conditions or any other environmental phenom-

enon (Jansson, 2013). The price is mainly affected by supply and demand. 

On the demand side, BNP dominates (Jansson, 2013). Steel billet contracts are not bought by end 

consumers, most users of steel billets are large companies within the steel refinement or 

manufacturing industry. These industries could easily transfer their risk to other available steel 

futures.  

The supply side is dominated by marginal cost for production, and more specific mining costs 

and costs for casting the billet (Jansson, 2013). Both these industrial processes are significant 

and characterised by high fixed costs of production. Economics of scale are necessary in the steel 

business (Storm, 2013).  

Elasticity of supply is significantly lower compared to the demand elasticity, making steel billet 

users key customers on the market. Since, consumers have only small incentives for using the 

billet rather than other hedging products, it is difficult to motivate continued hedging against 

steel billet if price of substitute products is lower. Making the producers also abandon the 

market. 
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34 CHALLENGES WITH LIQUIDITY AND MARKET FUNCTION FOR STEEL BILLETS 
The steel billet market illustrates well the challenges of commencing commodity futures trade. 

The main issue with the steel billet market is as described in the CATWOE analysis, the lack of 

physical liquidity. LME has chosen delivery points where the physical trade of steel has been 

present, but the actors have not accepted the LME steel billet hedging reference. The reasons for 

this vary between actors. Some actors believe the underlying asset does not correspond to their 

products, some actors argue that the local taxations make the billet trade unprofitable. The steel 

billet market shows a clear example of a situation where the underlying trade has not been 

caught. The arbitrage possibilities are limited. Actors do not perceive the steel billet to correlate 

with their needs. Blomqvist (2013) argues that the most important factor for the success of a 

commodity market is the ability to correlate with the actual physical trading of the good. It could 

be argued that this is not the case with the LME Steel Billet. Clearly some actors consider it to be 

a good hedging instrument, but the recent decline of traded volumes tells that the current trend 

is a downwards. The CATWOE analysis shows that customer are the real owners of the market. 

The core purpose of the market is to provide a well-functioning risk re-bundling arena for the 

steel producers and consumers. Therefore if they do not consider the underlying asset to match 

their needs, they will abandon the market. Many indicators suggest that this is happening with 

the steel billet market. 

The steel billet market illustrates the importance of correlation between the underlying asset 

and the actual risk to be hedged. This is also confirmed by Blomqvist (2013) who argues that the 

most important factor for the success of a futures market is that the product can be used to 

hedge against a risk. The steel billet actors are clearly exposed to risks that LME provide hedging 

instruments for, derivatives are only partly satisfying the risk minimizing. The situation can be 

compared with the correlations between aluminium and electricity prices. Aluminium prices 

consist of the actual cost for aluminium ore (bauxite) and the cost for electricity, which is needed 

for refinement. There is a clear correlation between the two. It could be argued that there would 

be no need for an aluminium futures market, yet those markets exist. Aluminium is today the 

most traded good on the LME. This can be explained by the differences in electricity price and 

bauxite around the world and the complexity of the good. It is simply too complicated to hedge 

all price differences separately, and therefore aluminium contracts are needed. 

In order to reach sufficient liquidity it is important to have a large customer base. If the good is 

widely recognised and traded in standardised form most actors using the good have confidence 

for it to match their needs. Therefore the standardised and easily measurable goods have 

reached higher volumes. The aluminium used is more standardised compared to steel. Steel is a 

composition of many different metals. Thus there are many different qualities and purposes for 

steel products. The physical steel billet represents only a fraction of the global steel trade and 

therefore has not reached volumes typical for a global base metal. This is tough to be a conse-

quence of the abundance of qualities that exist on the world markets. 
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35 SUMMARY OF KEY POINTS – STEEL BILLET 
 Future curves are linear due to the high storability of steel billets. 

 

 Failure to reflect the physical trade leads to lowered liquidity 

 

 Future contracts with close substitutes, typically alloy products, do not create total mar-

ket liquidity lock-in effects. The liquidity is instead divided between different qualities 

and products that satisfy specific customer needs. 
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SECTION 8 – CRUDE OIL 
The crude oil price has during a long time had a significant impact on the GDP growth rate 

worldwide. For this reason, crude oil futures prices are seen as indicators for future GDP devel-

opment. There are two dominating oil markets in the Atlantic area, West Texas Intermediate 

(WTI) and Brent Crude. The WTI oil is produced inland North America, previously primarily in 

Texas. Now oil is extracted also in Northern locations due to recently initiated production of tar 

sand and shale oil. The WTI oil is sold on Chicago Mercantile Exchange, with delivery point in 

Oklahoma (CME Group, 2013 [1]). Brent oil has its origin in the North Sea, and from there 

transported all over the world. The cash-settled contracts are issued by the Intercontinental 

Exchange (ICE). Underlying assets of the contracts are 1 000 barrels, which corresponds to 42 

000 US gallons or approximately 160 000 litres, of crude oil. (Intercontinental Exchange, 2013 

[2])  

Price coherence of these crude oil products has until recently been very high. However, since 

2010 a price spread has developed due to oversupply of WTI oil to its delivery points. Before oil 

sand and shale oil production commenced, the US had an import need for oil. Now there is 

instead an excess of inland production, especially gas. The delivery locations are inland, creating 

logistic issues considering the transportation of oil out of the country. Pipelines exist, with 

purpose of transporting oil to the coasts. Thus, infrastructure is built for deliver oil inland, not 

for exporting oil as is required in the current situation (Blomqvist, 2013) (Jansson, 2013).  

During the most recent financial crisis in 2008, oil prices became extremely volatile in compari-

son with other commodities. The price decreased by 78% in a matter of months (Vivian & 

Wohar, 2012, pp. 395-396). This is illustrated in Figure 31 below. Such extreme price sensitivity, 

coupled to the global stock markets, cannot be found in other commodity goods, consider for 

example the lean hogs contracts shown in Figure 19. This could be a result of the perceived 

connection between GDP and oil consumption in the world. 

 

FIGURE 31, WTI AND BRENT CRUDE OIL SPOT PRICES 1986-2013 (THOMSON REUTERS, 2013) 
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36 [C]USTOMERS OF THE CRUDE OIL MARKETS 
Oil production is presently very spread across the globe. Most oil is extracted within the OPEC-

area, consisting of countries in the Middle-east, North and West Africa. The majority of all oil is 

extracted from traditional sources, primarily oil wells on land. There are also some oil-rigs at 

sea, especially in the North Sea and Mexican Gulf. A very small part of the produced oil comes 

from alternative sources, such as oil sand. Alternative extraction methods are more expensive 

than traditional oil wells, but still profitable during high-price market conditions (U.S. Energy 

Information Administration, 2011, pp. 30-39). Capital intensity of production is often very high, 

due to the need of advanced equipment and infrastructure to procure oil from large depths. 

Thus, the most risk exposed customers are the producers, wanting to lower capital risks. The 

incentives for decreasing risk are in principal the same as for producers on electricity markets. 

The similarities, however, diminish when it comes to supply and demand. Supply changes have 

by far fallen short of demand increases, which have caused prices to increase to levels higher 

than marginal cost of production. Even though the producers are most beneficiaries, the market 

has been inverted (Litzenberger & Rabinowitz, 1995). 

Due to high volatility in oil prices combined with the on-going discussions about peak oil, 

consumers’ fuel budgets and choices of which vehicles or heating appliances to buy are largely 

affected. Oil production capacity is limited but demand is constantly increasing, creating in-

creased prices. Due to the excess demand of oil, prices are higher than marginal cost of produc-

tion for most producers. In a well-functioning market with perfect competition, prices are set 

equal to marginal cost of production. The large difference in this case is partly caused by the 

capital intense nature of production, which makes the supply regulation to demand very slow. 

Also, the price gap can be signalling scarcity of oil reserves, caused by a higher demand than 

actual oil extraction capacity disregarded the technological capabilities. This creates large 

producer surpluses, whilst the consumer surplus is smaller. Present price formation of oil 

products thus generates significant profit margins for most producers. As previously also noted, 

oil consumption has a strong relation to GDP development, resulting in higher demand when 

developing countries become industrialised (U.S. Energy Information Administration, 2011, pp. 

35-37). Substantial price increases and stable output volumes of oil provide signals that costum-

ers have an inelastic demand for oil, as is also the case for electricity. Most energy products seem 

to have, at least in short term, inelastic demand. It is therefore a risk involved in being depend-

ent of oil products, either economically or socially. 

37 [A]CTORS ON THE CRUDE OIL MARKETS 
All the parties mentioned in the previous paragraph, are also actors in the CATWOE-model 

because they partake in activities on the market. Below, also actors that are not costumers are 

presented. Their roles are important, but do not involve carrying risk in form of direct exposure 

against the crude oil prices. Other actors than described in this paragraph exist, but they are 

considered to be less vital to the market functions. The most important actors for the crude oil 

market are the exchanges, governments, trading institutions and diverse providers of other 

support functions. Oil is very much a political good, on which national infrastructure depend. 

Therefore, many countries have commenced excessive a strategies for supply security. The most 

common way is to develop domestic supply. This demands interference from the government in 

forms of either taxation and trade tariffs, or direct interference by forming a public oil producing 
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company. The latter is, for example, what has been done in Norway considering Statoil (Statoil, 

2013).  

The WTI and Brent crude oil contracts are regarded as among the most liquid commodity 

futures. The traded volumes of the different contracts are many times higher than other com-

modity futures. Blomqvist (2013), for example, consider crude oil futures to be the most well-

functioning commodity contracts. Crude oil contracts are also the most extensively traded 

contracts on ICE and CME, responsible exchanges for WTI and Brent futures contracts. Futures 

are issued on a monthly basis (Intercontinental Exchange, 2013 [1]) (CME Group, 2013 [1]).   

38 [T]RANSFORMATION AND TRADING WITH CRUDE OIL 
The ICE and CME exchanges offer monthly oil contracts, reaching up to nine years to expiry. The 

long contract periods are results of the fact that oil is the premiere commodity. It is one of the 

best prognoses for GDP and many organisations wish to hedge risks related to GDP via oil 

products. This result in a high demand for long oil related financial instruments.  

Type Underlying asset Time to maturity Responsible exchange 

Future  WTI 9 years CME 

Option WTI 9 years CME 

Future Brent 7 years ICE 

Option Brent 7  years ICE 

TABLE 7, AVAILABLE CRUDE OIL FUTURES CONTRACTS (CME GROUP, 2013 [1]) (INTERCONTINENTAL EXCHANGE, 2013 [1]) 

Since late 1990’s, the oil price has increased threefold, as shown in Figure 32 below. Also other 

commodities have experienced similar developments in futures prices from 1989 until 2011. 

One thing, however, distinguising crude oil from other commodities, is that the amplitude of the 

price increase is larger. Thus, the percentual increase in oil prices is higher than for other 

commodities. The rationale for this phenomenon is, as explained above, primarily the rapid 

growth in demand relative to supply on the world market. There is also evidence showing that 

speculative actors on the market are creating higher volatility by acting on expectation. If many 

speculative actors expect price increases in the future, they will take long positions and thus 

drive prices. Same rationale applies to price declines (Bu, 2011). There is, consequently, reason 

to question if traders provide unstable markets with real efficiency or just unwarranted 

volatility increases. 
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FIGURE 32, WTI CRUDE OIL FUTURES DECEMBER CONTRACTS 1983-2013 (QUANDL, 2013 [4]) 

Brent prices have not been found in the same abundance as WTI-prices. Figure 33 however 

illustrates the futures contracts with maturity in December 2011-2013. The scale does thus 

differ from Figure 32. What can be seen is that the futures contracts of WTI and Brent follow 

each other well considering amplitude and variations until 2010, when prices start to deviate in 

a larger extent. The Brent futures reached a peak at around 125 USD/barrel during 2012, whilst 

WTI prices were 15 USD/barrel lower, around 110 USD/barrel. These prices are illustrated by 

the striped lines in Figure 32 and Figure 33. This examination is continued in paragraph 42 

below. 

 

FIGURE 33, BRENT CRUDE OIL FUTURES DECEMBER CONTRACTS 2011-2013 (QUANDL, 2013 [1]) 

This is also easily observed in Figure 31 as well as the graphs containing spot prices and future 

curves in Figure 34 below. In the latter figures, also other characteristics of the two markets are 

illustrated. The future curves of WTI and Brent have different slopes. WTI future curves are 

normal until 2013, when they show some signs of being inverted. Brent Crude future curves 

2011 and 2012 are clearly inverted. Inverted curves are unusual on commodity markets, 

implying that there are expectations of excess supply in the future. If more closely examined, the 

future curves of Brent Crude are considerably more volatile than the ones presented for WTI. 

This indicates that there is a higher uncertainty, or factor of speculation, involved in the Brent 

price.  
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Since the end of 1990, liquidity of crude oil futures contracts has tremendously increased, 

illustrated in Figure 35 below. The financial crisis in 2008 had, however, a temporary dampen-

ing effect on the liquidity increase. As discussed in for example paragraph 22, a large part of the 

liquidity increase is assumed to origin from automatized electronic trading. But also, since oil 

prices have experienced rapid increases since late 1990’s, a part of the higher volume is likely to 

origin from raised demand for crude oil. Compared to Brent Crude, the traded WTI volumes are 

presently about 30-50% higher (Quandl, 2013 [1]). Traders such as Blomqvist (2013) and 

Jansson (2013) however argue that the liquidity of Brent contracts is growing and liquidity of 

WTI contracts experience a decline. This is, due to the delivery congestions of WTI oil which 

have formed during later years. Traders seek markets with high volatility. Since supply to the 

WTI market is higher than possible delivery volumes, price volatility decline. Thus, traders are in 

a greater extent moving to the Brent Crude market, where supply limitations do not exist and 

therefore price is more sensitive to changes in supply, demand and expectations of the two.  

 

FIGURE 35, TRADED VOLUMES OF WTI CRUDE OIL FUTURES CONTRACTS AS OF DECEMBER 1983-2013 (QUANDL, 2013 [5]) 
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The 2008 financial crisis temporarily decreased demand for crude oil, creating excess supply 

and therefore dropping expected prices, as can be seen in Figure 32. This led to decreased 

investment in infrastructure around oil and reprioritised resources that until 2008 had been 

allocated to find new oil reserves. These diminished efforts of extending production, have 

certainly lowered future supply in short term. Current price levels are therefore partly consid-

ered to be a result of the lower supply levels of crude oil that the financial crisis caused (Sorrell, 

et al., 2010, pp. 5001-5002).  

39 [W]ORLD VIEW 
The largest oil producing countries are primarily located in politically unstable parts of the 

world. There is thus a risk that some of the world supply will be interrupted by political insecu-

rities. A very clear example is the Arabic spring and the civil war in Libya, which made oil prices 

increase significantly. The supply did in fact not decrease by much, but insecurity made expected 

supply decrease and thus caused a rise in futures prices (Jansson, 2013).  

To prevent shortage in supply of oil, countries often have policies regarding keeping a short 

term storage. Although there are some possibilities of storing oil, the global consumption is 

enormous and thus the storages will only have minor influence on the spot prices. Due to the 

globalised futures markets, prices are highly coherent. The only difference tends to be transpor-

tation costs between the market places. Oil is relatively cheap to transport, and price spreads 

will thus regularly not be large. An exception is when limitations in transportation of oil exist, 

such in the case of WTI. It provides a good example of a well-functioning reference price that 

basically over a night becomes irrelevant due to disruptions in supply and demand freedom. 

Then reliability of the contract is questioned, and hedgers choose to position themselves in other 

markets (Blomqvist, 2013). 

40 [O]WNERS OF THE CRUDE OIL MARKETS 
The system owners are primarily producers. This is, since oil is a vital product with no close 

substitutes. Thus, producers have the power of interrupting vital risk minimization efforts for 

customers that have no possibility of acting in other markets to hedge oil price development. 

Furthermore, the number of producers is very few compared to consumers. There are, however, 

evidence showing that the producers are more risk averse than consumers, creating a down-

ward shift of the future curve. 

41 [E]NVIRONMENTAL CONSTRAINTS 
Oil production is not very dependent on environmental constraints, but rather political factors 

explained above. There are, however, increasingly debated questions of the environmental 

impact of oil consumption. Many countries and unions are establishing plans for decreasing oil 

dependency. The motives are not only environmental, but also economic. If large oil price 

increases continue, then the need for substituting products will be immense. Efforts are being 

made trying to replace oil combustion with sustainable alternatives (Kommissionen mot 

oljeberoende, 2006) (European Climate Foundation, 2010). 

Also the production process itself is often addressed as harmful to the environment. There are 

lot of incidents reported, where new extraction methods have caused serious harm to the 

environment. The most famous example is probably the leakage from the Deepwater Horizon in 
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2010  (U.S. Energy Information Administration, 2011, p. 30). Also the extraction of oil from shale 

ground has been said to affect the local environment negatively (Jaber & Probert, 1999, p. 204). 

If constraints regarding local environmental impact are imposed on the industry, it can cause 

expected supply to decrease and thus prices to increase. 

42 RECENT DEVELOPMENT ON THE CRUDE OIL MARKETS 
As described above, the global oil trade uses two main reference prices for the trade. WTI price 

has historically been dominating the financial markets. Brent has had smaller traded volumes, 

although both have been considered to be well functioning and liquid markets. The two prices 

have historically been very well correlated as seen in Figure 36 below. This has, however, 

changed during the last decade and the prices have become more and more independent. The 

past two years there has been a gap between the two prices. Currently the Brent price is signifi-

cantly higher than WTI. 

 

 FIGURE 36, BRENT AND WTI PRICE CORRELATION DURING THE PAST 25 YEARS (U.S. ENERGY INFORMATION ADMINISTRATION, 

2013) 

The price difference can be explained, by studying historical development of the two price hubs 

and the natural transportation possibilities they have. Both price hubs have been developed at 

natural trading sites in Cushing, Oklahoma for WTI (Purvin & Gertz, 2010) and in Sullom Voe at 

the Shetland islands near the Brent oil field (ICE, 2013). 

The traditional physical flow of the crude oil in US has been from the southern oil fields in Texas 

flooding towards the northern markets. Oklahoma was, given these conditions, the geographical-

ly best location for refining oil. Therefore many refineries built their facilities around the same 

area. A cluster was created around Cushing Oklahoma. The WTI trading hub was developed in 

Cushing in order to capture this trade. The crude oil came from Texas to Cushing via pipelines 

and road transports. There it was refined for transportation to end users around the US, mainly 

to the north eastern parts of the nation. Cushing emerged as a natural trading hub for both the 

physical and the financial commodity. This is primarily since there were well developed trans-

portation possibilities to the US east coast and from there to all trade hubs around the world, 

making it easy to arbitrage from possible price differences. After only a short while WTI became 

the global leader of crude oil pricing. This development was mainly due to the large physical 

flows, early development and dominance of the oil market, good arbitrage possibilities and 

existence of developed financial trading systems and culture.  
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Today the flows are changing and therefore also the role of Cushing and WTI. The oil flow has 

reversed because of a lower supply from Texas, increased oil import to the US east coast and the 

emergence of the oil sand from northern US and Canada. All these transformations of market 

structure have changed the physical oil flow. It has reversed, from previously being transported 

from the south-west to the north-east of US, to be transported in the opposite direction. Several 

pipelines have reversed flows and the road traffic has increased. Hence there are transport and 

warehousing congestions around Cushing, limitations of physical flow have affected the CME 

WTI prices and created a price difference compared to the Brent contracts. Currently it is not 

possible to arbitrage in large scale between the two price hubs. The underlying assets have, due 

to transportation congestions, become uncorrelated. A detailed description of the WTIs devel-

opment can be found in The Role of WTI As a Crude Oil Benchmark composed for CME by Purvin 

& Gertz (2010).  

ICE Brent oil is based on the physical flow of oil from the Brent and nearby oilfields to mainly 

northeast Europe. The physical flow is clustered around Shetland Islands and Sullom Voe. This 

means the transportation of oil is made with ships rather than pipelines and roads. It is cheaper 

for actors to regulate the physical flows of the good compared with the pipelines of Cushing. 

There are no limits for the physical flow in the same way. Thus there are no transport conges-

tions in the same way as in Midwestern US.  

Summarised the crude oil has had established and well-functioning transports systems and 

therefore the price differences among the different geographies has been minor. If the price 

moved at one location arbitrageurs and producers from other areas entered the market and 

brought the prices together again. Today transport congestions have emerged making the WTI 

more of a local price compared to the Brent, making Brent the global leader of oil pricing. 

43 SUMMARY OF KEY POINTS 
 Market pricing is based heavily on the underlying asset. 

 

 Market pricing is disturbed by limitations in transportation of the underlying asset. 

 

 Liquidity is gathered around the contracts which in the best way represents real supply 

and demand, i.e. supply and demand not limited by technological or other external fac-

tors. 
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SECTION 9 – ANALYSIS 
This section contains an analysis of the commodity market structures presented through 

sections 6-8, and a comparison to the Nordic electricity market presented in section 4. This 

section will be based on the purpose and research questions, found in paragraph 3 and 7 

respectively. 

44 THREE COMMODITY MARKETS – COMPARISON WITH NORDIC ELECTRICITY 
This paragraph will analyse the findings from the three commodity markets presented in 

sections 6-8, lean hogs, steel billet and crude oil. The analyses will synthesise important charac-

teristics regarding pricing mechanisms, market functioning and actor behaviour. This paragraph 

seeks to analyse the first research question: 

“What commodities have a market structure that is/was similar to the electricity market? 

 What similarities/differences are there? 

 Which attributes are most important for constructing the similarities/differences?” 

44.1 LEAN HOGS 

Although the hog and electricity business are intuitive rather different, the futures markets are 

similar. The reference price for both contracts is a nonphysical measure, there is normally no 

physical trade made with the reference price. The development on these two markets differs in 

the sense that the hog market during the 90´s has changed from physical delivery with one 

actual auction price, to a reference price constructed by a weighted average of multiple local 

prices. Straight after deregulation, the Nordic electricity liquidity gathered around a system 

price which is a market equilibrium of supply and demand (transmission congestions excluded) 

not dissimilar to the lean hog index. There are also a number of differences between the two, 

since the reference price is calculated differently. It would be possible to use a weighted average 

also for Nordic electricity, but this alternative was not chosen. Altogether the two markets are 

however very similar in structure and concept. 

Regarding trading patterns the main similarity between lean hogs and Nordic electricity’s is that 

both commodities are climate dependent. Climate dependency makes the forward curve oscil-

late, causing price of lean hogs to vary over the year. Thus, a seasonal pattern is created by the 

constantly shifting supply curve. This pattern is observed for all future curves displayed in 

Figure 20, on page 48. However, the prices are high during summer and low during winter, 

which is opposite to the case of the Nordic electricity market. The underlying reasons for the 

price oscillations, climate and demand fluctuations, are nonetheless important characteristics of 

both these markets. Jansson (2013) argues that contracts dependent on climate conditions tend 

to be less attractive to customers that have no regional operations in the area of the underlying 

asset. This is since customers want to hedge risks existing in their business operations, and thus 

need contracts that reflect the true market situation. 

Another similarity between the markets is low storability. Slaughtered lean hogs can only be 

stored during a short period of time before the carcasses need to be sold and consumed. The 

underlying assets, forage (corn) and the hogs themselves, can be kept somewhat longer if not 
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slaughtered. The contract quality, however, require the hogs to be at a certain age when slaugh-

tered. Electricity is a commodity which is at the extreme of non-storability. The consumption of 

produced electricity needs to be made instantaneously, without possibility of storing large 

amounts of the commodity in its finished form. But similar to lean hogs, the underlying assets of 

electricity can be stored prior to production given that it is not intermittent. 

One important difference between meat and electricity is demand and supply elasticity. The 

demand for electricity is, as discussed in paragraph 11.3, very insensitive. Substitute products do 

not exist in short term, since investments are needed for altering energy sources. Lean hogs, on 

the other hand, have a close substitute in live cattle. Consumers often choose between pork and 

beef, for example. In paragraph 11.1, the elasticity of supply is discussed for electricity. The 

number of power production units is relatively constant over time, and so also the capacity in 

the system. New capacity can only be introduced by large investments. In the case of lean hogs, 

animal keepers can choose how many hogs to farrow, within some range. This choice is based 

primarily on the cost of forage for the hogs. As stated in paragraph 9.7, producers are profit 

maximising and should thus strive to have an output where marginal costs equal marginal 

revenue. This cannot be fulfilled in the lean hogs market due to the abundance of producers 

competing, but they are perceived to act with a profit maximisation strategy. 

44.2 STEEL BILLET 

The steel billet futures market is similar to the Nordic electricity market in the sense that both 

consist of several minor markets merged together into a cluster. The different areas have unlike 

characteristics when it comes to price setting mechanisms such as production and consumption. 

Another similarity between the two contracts is the transmission congestions between areas on 

the Nordic electricity market and the different price hubs and delivery points for steel billets. 

One of the main reason why steel billet contracts has not reached global acceptance as the 

standard steel contract, is the fact that there has been issues with transportation and arbitraging 

between the physical and financial market. Although there are no issues with the arbitraging 

possibilities on the Nordic electricity market, different areas have transport congestions creating 

the characteristic price deviations between the system price and the local area prices. 

Another similarity is the capital intensity of production and in many cases also consumption. 

Both markets require large investments with long pay-back periods. As concluded in paragraph 

10.2, this type of players often have long-term obligations to shareholders who require a steady 

income and/or cost. This leads to a high interest for hedging among actors.  

The greatest difference between the Nordic electricity futures market and steel billet contracts is 

that there are no real substitutes for the financial contracts on the former market. Steel billet 

competes with a variety of local and global contracts with comparable underlying assets. 

Markets with a large number of substitutes tend to have a low share of the total contract turno-

ver for all substitutes. This will create no market lock-in effects, where liquidity would gather 

around one single contract. Note that the CfD’s liquidity issues on the Nordic electricity market 

arise due to other reasons. 

The steel billet market shows no sign of seasonal dependency, as can be seen from the extremely 

linear future curves. The Nordic electricity pricing on the other hand is highly dependent of 

seasonal variations. The expectations are clearly displayed in the irregular future curves. This 

difference is due to that steel billets can easily be stored for long periods of time, unlike electrici-
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ty which needs to be produced at the exactly same moment as consumed. Therefore there are 

natural variations in price between time periods. Different time periods are not directly compa-

rable in the same way as steel billets produced at different plants or during different periods of 

time are.  

44.3 CRUDE OIL 

One similarity that is evident concerning the Nordic electricity market is that the transportation 

logistics is challenging. The crude oil case, presented in paragraph 42, clearly show the great 

need of providing transportation possibilities in order to gain market trust. If the ability in a 

market area of transporting goods is below what is supplied and demanded, then the area price 

cannot reflect real price. This evidently causes actors, primarily traders, to leave the market in 

favour for another area where the transportation abilities exist. The empirical evidence from 

crude oil, show that liquidity is thereafter declined. This indicates that also the opposite holds, 

i.e. that excess capacity associated with high costs will dampen price of the underlying asset, 

again causing traders to leave. The price drop will be caused by the perceived value of the crude 

oil, and the valuation at other market places. According to Blomqvist (2013), the prices of 

different crude oil contracts have been the same if compensated for freight cost between 

marketplaces and differences in quality of the oil. This is very similar to the utility markets, 

where the price differences between areas are only created by transmission congestions. 

Another critical factor for the pricing that both the Nordic electricity market and crude oil 

markets share, is the high capital intensity of production. Both markets have a number of 

production plants, all with different marginal cost of production. In the oil market, as described 

in paragraph 36, the cost of extracting oil varies significantly depending on source. For example, 

conventional oil extraction from land wells is much cheaper than an oil rig at sea. The price 

consumers pay, reflect the marginal costs of the most expensive producer. This makes the 

producer surplus enormous for extractors with low marginal cost. 

The crude oil market has one significant difference compared to the Nordic electricity market; it 

is huge. Liquidity is the highest among commodity contracts, creating a grand arena for traders 

to act on. Jansson (2013) claims that a liquid market is attracting even more players, further 

enhancing liquidity. As postulated in paragraph 20.1, futures for storable commodities are more 

efficient for hedging risks than futures for non-storable commodities. It thus implicates that the 

incentives are larger for placing financial positions on markets with storable goods, such as the 

oil market. This in turn attract traders, seeking to take risk. 

45 SOLVING THE HEDGING ISSUES 
This paragraph seeks to analyse the second research question: 

 “Have commodity markets solved hedging issues internally or has interference from overhead-

actors been necessary?  

 What markets have solved issues internally? 

 What consequences/results have that led up to?” 
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45.1 LEAN HOGS 

The lean hogs market is very old and traditional, as all livestock markets in the US. The trust of a 

traditional market is high, but there is also a risk that the contract types get obsolete. This was 

the case for lean hogs contracts, which changed in pricing ground between 1996 and 1997. This 

pricing change was made by the exchange as a switch from one underlying reference to another 

for the same contract, and cash settlement instead of physical settlement. Other alternatives 

could have been to introduce a new financial derivative, or to keep the original contract pricing. 

But the exchange made a succeeded transition to a more modernised contract. In this case it is 

apparent that the central actor (CME) was addressing and also solving the perceived hedging 

issue. There are a number of short-term effects of this transition: 

1. Traded volumes of lean hogs contracts was stable before, during and after the change in 

pricing. 

2. Prices rose significantly directly after the change was made, but then fell to levels close 

to before the transition with a slight increase corresponding to the higher quality of the 

product. 

3. Volatility of the contracts issued after the change increased, caused primarily by falling 

prices. After two years, it went back to normal levels. 

4. The price spread of contracts with different maturities increased significantly shortly 

before the transition, lasting about two years. This reflects the differences in market ex-

pectations about true supply and demand on the market. 

In general, no long term effects of the pricing transition can be seen. This indicates that the 

strategy of choosing to implement changes in existing contract was handled well by customers. If 

other contracts had been introduced, representing the new underlying asset, then it is probable 

that liquidity of these had been very low, at least initially. Since the market turbulence was 

calmed rather quickly, it is probable that market size and liquidity has an effect on the transition 

duration. For example, contracts with lower liquidity (such as steel billet) tend to have a longer 

duration of insecurity before reaching equilibrium levels. This is primarily due to converging 

expectations of different customers and that markets with many actors stabilise faster. 

45.2 STEEL BILLET 

Steel billet contracts have since the introduction in 2008 increased and then decreased in 

popularity among customers. As described in the steel billet CATWOE, there are an abundance of 

different contracts for steel in various qualities. Steel billets are semi-finished, and the contracts 

can thus be replaced by either iron ore futures or futures with finished goods as physical 

product. Thus, the market for alternative futures contracts is huge compared to only the steel 

billet contracts. Also, as clearly can be seen in Figure 26, the market has been far from accurate 

in predicting the future prices of steel billets. All contracts, but the first future curve, are show-

ing signs of being normal considered the stable storage cost and the high cost of capital. Howev-

er there are no signs of the market anticipating price development. This can indicate that the 

market actors are relatively unaccustomed with managing expectations. The reason for this is 

not clear, but could be a combination of Asian traders sporadically entering and exiting the 

market, and customers that are not used to volatile steel prices. LME has been making changes 

on the steel billet futures contract, for example by relocating delivery points. This creates 

insecurity among the actors, since expectations about the future situation are difficult to manage 
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when conditions are rearranged. If such transitions are made too often, even unintentionally, 

then market trust diminishes and customers will leave. The interviewees with affiliation to steel 

billet, concur that the market is unstable and there is risk for collapse. This is partly due to the 

challenges regarding handling and taxation of underlying asset, competing contracts, but also 

the askew market formation.  

The most important lessons from the steel billet market are: 

1. Trust for both the financial market and the underlying asset is important for a well-

functioning market. 

2. Contracts with many substitutes can experience rapid decreases in number of bidding 

and asking participants, and thus also liquidity. 

3. Traders tend to leave when expectations are very diverging and the market is malfunc-

tioning or is expected to do so. 

45.3 CRUDE OIL 

The recent structural transition of the crude oil industry in the US has led also to issues concern-

ing the financial derivatives. On this market, it appears that transportation limitations problems 

are solved internally. Oversupply of WTI oil to the transmission system forces producers to bid 

volumes at lower prices. This has moved much of the financial market to the Brent contracts, 

since the true demand and supply quantities are reflected on that market, and thus also the real 

price for crude oil. If analysing the future curves of Brent and WTI contracts, presented in Figure 

34, it is obvious that WTI contracts are normal, whereas the Brent contracts have inverted 

future curves. This difference in price expectations between the two contracts indicates that the 

price potential is expected to lessen. This is partly due to expectations about technological 

change (increases in transportation capacities for the WTI oil) and partly since the price differ-

ence between Brent and WTI is larger than transportation costs, and thus enables arbitrages.  

The different oil price hubs seem to be very much dependent on each other considering pricing, 

but a very important factor for market function is transportation ability. If supply cannot be 

regulated by the equilibrium principles rather than congestions in transportation, then market 

actors abandon the market in favour for an area where such limitations do not exist and thus 

pricing is more dynamic. This indicates that substitutabilities for different futures contracts are 

high, and thus price elasticity likewise. There indeed is an abundance of customers, not all 

seeking same risk profiles. Market oversupply (price declines) will also attract customers. As the 

price has dropped, then consumers and refining companies are interested in hedging against an 

oil price that is low and expected to rise. But for investors with a need of price volatility, and 

producers interested in high yields from sold oil, WTI contracts get unattractive. Especially 

when Brent derivatives are inverted and thus expected to fall in price – creating an arbitrage 

situation. Since investors provide much liquidity to the market, their choice of financial deriva-

tive will have a large impact on the total contract liquidity. As described in paragraph 9.3, it is 

also important to keep an even proportion of buyers and sellers to maintain well-functioning 

pricing. 
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46 COMMODITY MARKETS INTERACTING WITH ELECTRICITY 
Based on a cross-sectional approach, this paragraph seeks to analyse the third research ques-

tion, stated below.  

 “Are there any patterns, concerning development during change and/or pricing attributes, in 

commodity markets that are transferable to the Nordic electricity market development? 

 What can be learnt from other market structures? 

 How would it emerge and develop on the Nordic electricity market?” 

All three commodity markets investigated show similarities and differences compared to the 

Nordic electricity market. There are, thus, a number of important lessons to be learnt from these 

markets considering the commodity pricing mechanisms. Several key points that can be trans-

ferred to the utility case are mentioned in the analysis paragraphs above. An important aspect to 

analyse in order to understand possible changes on the Nordic electricity market, is the forming 

of reference prices on a market. For a contract to become the hedging reference on a commodity 

market, a number of conditions need to hold. It is very difficult to foresee development on a 

financial market due to the complexity of it, but there are some fundamental conditions always 

needed.  

The primary reason for trade to exist on a market, is the demand and supply of financial con-

tracts. There is need of a large number of players with a risk profile corresponding to a specific 

contract offer. Producers, consumers and traders all must consociate on the marketplaces, all 

They have different expectations and willingness of either loose or carry risk. The contract must 

represent the underlying value, which is the physically traded product. This is clearly seen in the 

crude oil case, where Brent is gaining popularity due to the better reflection of world supply and 

demand than the WTI contracts can provide. This is, since the risk of a producer or consumer 

need to correspond to the actual future situation. Traders also tend to choose the most volatile 

contracts, without pricing limitations, such as transmission congestions. 

If the economic models used in this thesis are seen as individual expectations about future 

equilibria, the market changes become rational from a theoretical point of view. Then the 

theoretical framework can provide understanding of the constant market changes. Trade and 

futures market transitions are created from a driving potential, utility maximisation. All market 

participants have different perceptions of future utility. This is, since expectations about the 

future differ and constantly change, depending on expectations about factors such as supply 

security, demand fluctuations, other’s expectations etcetera. 

Described with micro-economic theory, this would imply that all actors have different expecta-

tions, based on their own perceptions, of where equilibrium price and quantity output is. This is 

a fundamental reason for the constant price movements in futures markets. Actors have differ-

ent expectations about future price and quantity. Thus, when choosing whether to enter a 

position or not, all actors have different forecasts of future price. Given that the market inhabits 

a large number of buyers and sellers, there is most likely a player finding the bid price for a 

futures contract appealing and expects to make a profit closer to (or at) maturity. Then the 

rational choice is to enter the futures contract and accordingly, given that all alternative costs 

are lower, maximise utility. It is, however, not beforehand determined which actor’s expectation 

that was more accurate, leaving for the future to announce winner and loser of this game. 
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Alternatively, both parties can be pleased, since there is a subjective element involved in pricing 

of the risk increase or decrease that a hedging contract entail. Again, the fundamental subject is 

expectations and perception of the contract’s value. We have in the analysis rendered one of, if 

not the, most important factors of pricing, expectations. 

A factor that customers respond to is insecurity. Trust and traditions are important factors in the 

trading. As seen in the commodity markets, market age is often a stabilising factor. For example, 

pricing change of lean hog contracts had a considerably lower impact on the volatility than 

changes of delivery points on the steel billet market. The hedging arena’s existence is based on 

the possibility of rebundling risk. If there had been no risk involved in selling or buying goods in 

the future, then the function of futures markets would be undue. The same applies if insecurity 

(risk) of the business and thus the contracts would instead be too large. Then no actor would 

want to pay for anyone else to overtake the risk, since it would be far too costly and correspond 

to the expected value of the loss. These two cases are extremes on a floating scale. If a futures 

market goes through an extensive transition, or is introduced, then it is not certain that the 

utility of acting on the market will exceed the perceived value of not doing so. If a producer or 

consumer finds it more costly to hedge a risk than to bear the expected loss of it, then they will 

cease bidding or asking on futures markets. The same applies if investors find the risk being too 

large or the risk premium too small. This also applies to other risks than pure financial, also 

considering market function and other actors’ expectations. If the exchange or market is not 

expected to keep traders, then it is considered a liquidity risk keeping positions. This can be 

observed on the steel billet market. In a similar manner, if expectations of future price are too 

widespread, the actors are uncertain of what price is real considering equilibrium quantity. This 

would indicate that the market in a sense is not very efficient, since arbitrages in theory could be 

made on the spread in such situations given that expectations about equilibrium conditions 

were accurate. Thus, insecurity also seem to play an important role on markets, represented as 

lack of trust and traditions. 

The long term effects of market instabilities are also important to analyse, when considering 

possible lessons from the commodity markets. What clearly can be stated is that commodities 

are, unlike for example stock markets, vital for humans. A steady supply of food and other basic 

goods is important for the societies around the world to function. There is, thus, always a 

demand for these goods. Also, there is a risk involved in the industrial processing, that is prefer-

ably hedged. The stability as such, is therefore much higher for these financial contracts than 

other types (again such as stocks). This can especially be seen on the markets for oil and hogs 

(and also wheat markets), that have long going histories. The historical development has 

enabled lower transportation costs, enabling larger geographical market sizes and higher global 

competition. The markets have solved these pressures partly by market mergers or market 

shutdowns. For lean hogs, this situation is very clear. The present US lean hog price consists of 

several area prices, that from the beginning were separate from each other. Also, a competing 

financial contract, pork bellies, has been shut down since the liquidity was overtaken by lean 

hogs. This development is opposite to the one on the northern European electricity market, 

where areas instead are split apart, creating more prices and contracts. As the areas are multi-

plied and geographical trading size increased, then liquidity is likely to be diluted for contracts 

with small catchment areas. There are thus signals indicating that the harmonising actions are 

preferred for technical reasons, but may cause financial instability. 
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Future trade with steel was only recently introduced on the financial markets, consequently 

making the contracts more diverged and less standardised. According to Utterback’s (1996) 

theories, no path dependency has yet been reached on the financial arena for steel billets. This, 

accordingly, has resulted in the apparent insecurity on the steel billet market. The participants 

with lowest risk aversion then choose not to take the risk of trading on the unstable marketplac-

es, instead bearing the risk of loss alone. This, in turn, dilutes the total liquidity of all financial 

futures contracts associated with steel products, lowering efficiency and market function. 

It is appropriate to suggest an introduction of a new measure for the market liquidity balance, 

Relative Market Liquidity(RML). The measure accounts for all possible substituting financial 

derivatives and markets that the customers may choose to position themselves on. We define 

the Relative Market Liquidity as the market share that one contract accounts for, relative to the 

total turnover of all substituting contracts (including also other underlying assets). More 

precisely; how large share of the total liquidity of related contracts a certain market inhere. If 

there is not sufficient liquidity on the market compared to alternative markets, actors will 

regard the unability of entering or exiting a position at any time as a risk. Likewise, the market 

must be of such size, that no trader alone can (by entering or exiting positions) move the market 

price substantially. This risk is weigthed against the underlaying risk of the competing contracts 

and accounted for when financial derivative to trade with is chosen.  

Consider for example a consumer in the manufacturing industry with dependency on steel 

prices.  When considering appropriate contracts for hedging, the consumer can choose to hedge 

against a financial contract for precisely the underlying asset used in manufacturing. Or, the 

consumer can choose to take a position on another market, for example steel billet or scrap 

metal markets. This choice is primarily based on the aspects analysed in this paragraph, con-

cluded to four factors: 

1. Correlation between actual risk perceived by the actor and actual derivative risk 

2. Expectations 

3. Trust for and experience of trading institutions and trading environment 

4. Relative market liquidity 

All these four concepts are connected and affected by the others. For instance, if the underlaying 

asset is a perfect match for one actor, a minor liquidity issue could be accepted. However there 

needs to be a sufficient level of risk correlation, trust and RML before an actor enters a position 

on any market. The sufficient levels can vary between commodities. Typically there is a barrier 

of relative market liquidity which needs to be reached before a snowball effect can arise and the 

market starts booming. 

Actors will choose a market on which all the presented factors are above a certain level. The two 

first ones are intuitive and represent factors affected mainly by the specific contract rather than 

the whole market environment. If the derivative is not perceived to match undelaying risk, the 

actor will neither bid nor ask it. There could be a number of reasons for this, for example (1) 

Geographical preferences, making some contracts preferable compared to others and (2) Trust-

issues considering the market. Trust is created if the market participants has a common 

knowledgebase for the contract and underlying asset. Also, the exchange needs to act in a 

consistent manner by avoiding unpredictabilities within the own system. Geographical aspects 
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also affect, hence it is psychologically easier to trust a market close to the individual comfort 

zone compared to one located far away. 

47 CRITICAL ANALYSIS OF METHODS AND FINDINGS 
The investigation of different commodity markets have shown both similarities and differences 

on a meta-level. It is however, a delicate and justified question to ask if the analyses really are 

reflecting real similarities and differences in the fundamental characteristics and mechanisms of 

the markets. For example, Behrendt (2012) addressed this issue. He suggested that one cannot 

compare energy markets with other market types, since the former are not conventional. But 

then again, all markets have specific features – which makes it difficult to tell whether or not 

certain markets are appropriate to compare. To the authors’ knowledge, no similar conceptual 

market comparisons have been made in the academic literature. There, however, exist many 

articles regarding cross-sectional statistical analysis of market data, for example Jin, et al. 

(2012), Yang & Awokuse (2003) and Lin & Roberts (2006). Many sources in this thesis are based 

on these types of articles that are producing conclusions from data. By only reproducing 

statistical findings, parts of the market dynamics are overlooked. In that sense, empirical 

evidence from actors on the markets is a way of adding more complexity to the issue, and lift it 

to another arena. This thesis is thus an example of a study where both academic literature, 

empirical findings in forms of interviews and market data coexist. The validity of the research is 

high, but it is not possible to provide one simple answer to an issue with tremendous 

complexity. Another factor increasing the difficulties of finding proper answers, is that the 

investigated market situations are transitions and market anomalities. As described in the 

literature review, section 3, there are few proper tools for examining market change since most 

theories are created for market statics. The choise of micro-economics as a theoretical 

foundation for the research does reflect actor behaviour, but not always the underlying reasons 

for market insecurity. The study could also, for example, have been conducted based on James 

Utterback’s or Thomas Hughes’ theories of industrial dynamics. It would have provided 

somewhat different explainations about market behaviour during change. 
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SECTION 11 - DISCUSSION & CONCLUSIONS  

48 PRICING ON COMMODITY MARKETS 
Transitions of commodity markets are natural, since the environment is constantly changing. 

Altered conditions for the physical markets drive changes that are transferred to the financial 

futures markets. For a financial market to survive, we have concluded that a critical aspect is the 

affinity with underlying asset. Trader risk needs to correlate with the actual risk. Globalisation, 

transportation and industrial facilitations have forced pricing adjustments. As can be seen in the 

abundance of data evidence, markets have inherent capabilities of adjusting to changes, but the 

fundamental (or structural) transitions cannot be made from inside. If exchanges and other 

actors do not act on the fundamental pricing anomalies that emerge over time, then contracts 

get unrepresentative for the good and thus liquidity moves to other contract types. Thus, market 

participants cannot alone change the structure of trade, but instead oppose structural changes 

due to traditional and trust reasons. After a transition, the new structure is expected to have 

different characteristics, thus reacting in other ways than before. This creates insecurity, which 

can make actors leave the markets. In the steel billet case, this is a likely outcome. For lean hogs, 

on the other hand, the market stabilised quickly after the transition. What then, are the im-

portant factors for maintaining market function even during and after change? 

As seen in the lean hogs case, it is important to converge expectations about future pricing. If all 

actors’ expectations are too diverse, then the perceived risk of trading would be regarded as 

high, and the bid-ask spread would be large. Thus, managing expectations is one of the key 

points in pricing. This could either be an assignment for the exchange or large players on the 

market. The latter, however, creates opportunities for the large player to set a price on a moral 

hazard basis. This lowers trust of the system, and other participants may leave for alternative 

contracts with lower risks. Also, to keep liquidity is an important task during market changes, 

which can be achieved by informing participants about the situation and create trust. The last, 

but probably most important, factor of market stability is the RML, or Relative Market Liquidity. 

If the contract has a relatively larger share of participants (both in abundance and turnover) 

than other possible substituting contracts, then there is little incentive of leaving the market if 

not any other (above described) factors are unfulfilled. This is the only factor which exclusively 

is decided by the market players themselves rather than any institution or actor. It is, however, 

nonetheless affected by the other factors.  

The main lessons to learn from this, is the importance of attending to market stakeholders and 

realise market changes with a good timing; not too early, not too late. 
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49 IMPLICATIONS FOR THE NORDIC ELECTRICITY MARKET 
A subjective definition of the liquidity threshold was presented in paragraph 9.3. If that holds, 

then based on the findings in paragraph 14, it is concluded that the liquidity of system price 

forward contracts on the Nordic electricity market is currently poor for periods one to four 

years before maturity. Also the liquidity of the CFDs has been insufficient, especially long before 

maturity. The poor liquidities are partly results of askew trading timings, and partly results of 

low RML. 

Daamsgaard, et al. (2009) argues that there exists a risk with splitting up the utility market in 

many price areas. The reason for this is that competition decreases between generators in 

different areas since a choise of specific hedging area is likely to be made based on where 

generation is located. This could result in poor liquidity, in worst case leading to many actors 

leaving the market and thus market collapse (Jansson, 2013). Due to EU regulations, countries 

need to introduce contracts used for trading transmission capacity, and more importantly still, 

they need to divide large market areas in to smaller. The latter is decided to enhance 

competition in and across the price areas. However, if the areas are too small with few trading 

participants, then a consequence of splitting price areas is that the RML gets diluted. Then, also 

trust for these price areas will vanish due to a higher concentration of market players, especially 

the producers bidding supply. Consider for example lessons from the oil market, where market 

power exerted by OPEC made participants leaving those markets, searching for alternative ways 

of purchasing oil. In this case, the power concentration is similar, but the changes are forced by 

external actors. Contracts bid long time before maturity will be more difficult to sell at an 

acceptable price – and the large producers may choose alternative financial positions in order to 

secure future income. Thus, more price areas could lead to decreased instead of increased 

system efficiency in economical terms. Consider for example the lean hogs market, which during 

the last 20 or so years has converged against one system price instead of diverting liquidity to 

more alternative contracts. These changes were primarily advocated by the exchange (CME), 

which identified possibilities of higher market efficiency8 and larger yields. The market 

responded to the changes with slight insecurity, but ever since the lean hogs contract has 

overtaken liquidity also from substituting contracts such as pork bellies. This can be compared 

with the system price contracts on the Nordic market. Trust for these contracts is high, and 

system liquidity is gathered around them. If considering possible substituting contracts, the 

system price contract has high RML. The interviews with financial players indicate that the 

expectations about the system contracts are positive, as well as the percieved risk correlation. 

Thus, all four proposed criterias are true for the system price. This implicates that an 

environmental change is needed for the system price to become obsolete as reference for the 

forward trade in the Nordic. It is important to note that the lean hogs pricing transition was 

driven by market participants. For the utility case, overhead regulators force changes in the 

opposite direction compared to lean hogs market transitions. 

If the EU plans are fully implemented, and NTCs increased between all european areas, then 

there is a possibility that the risk correlation between system price and area price will decrease, 

thus challenging the existence of SYS contracts in favour to alternative solutions. 

                                                             
8 Market efficiency is referred to exchange level and involves possibility of market clearing and size of the 
transaction costs for trading. 
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50 CONCLUSIONS 

 The similarities between different commodity markets are more significant than what 

can be expected. The Nordic electricity market proves to be especially similar to the lean 

hogs market, since both goods have low storability and are cliamate dependent. The lean 

hogs market also has a structural composition that is similar to the Nordic electricity 

market. 

 The investigated markets have solved issues in different manners. It is difficult to tell 

whether interference from external actors is inferior to solving the issues internally on 

the market. There are, however, some indications that a higher market efficiency will be 

reached from internally solving pricing issues. 

 Analyses of the commodity market have revealed four particularly important factors that 

affects market efficiency and function. These seem to be equally important for keeping 

participants on existing markets as for attracting participants to newly established mar-

kets. They are: 

1. Risk correlation 

2. Trust & traditions 

3. Expectations 

4. Relative Market Liquidity 

 When transferring the thesis’ findings to the Nordic electricity market, it seems likely 

that participants choose to trade contracts with a high Relative Market Liquidity and risk 

correlation. Thus, concentration of liquidity to one or a few prices is rational market act-

ing which increases efficiency and operational security. 
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51 FURTHER RESEARCH 
There have not been many studies conducted with goal of analysing different commodity 

markets and compare them on a conceptual level. This study shows that there are findings to be 

made using this methodology. Therefore further research should be conducted with the ap-

proach of comparing different, sometimes non-intuitive, markets. As this study shows that great 

value can be created by doing so. 

The actual research questions regarding the functionality of the futures market for Nordic 

electricity are answered on a conceptual level based on case studies. However the findings of 

these case studies cannot be generalised and only present possible and/or probable outcomes. 

In order to reach a deeper knowledge further research is necessary. One possibility is to conduct 

a similar research to this one, but choosing other commodity markets to be investigated in 

depth, thus broadening the empirical database and the knowledge of the commodity market 

structures. Another possibility is to investigate the Nordic electricity market considering these 

questions from an inside view. Possible methodologies could be a survey among the market 

actors and/or a statistical in-depth analysis of market data. 

Also, an especially interest field of study, could be to investigate the Relative Market Liquidity. 

RML has in the four commodity markets investigated proven to be of large significance. Thus, a 

study focusing on codifying the psychological factors of market emergence and fall would be a 

key to understanding more about the large pricing changes on the commodity markets; both in 

type, size, volatility and time duration. 

Since it has been impossible to investigate the markets from all perspectives, more research 

should be conducted in order to reach a wider understanding. Especially interesting would be to 

apply Shumpeter´s, Hughes´ and Utterback´s theories of industrial dynamics on markets chang-

es, and do so in a larger extend than was possible within the scope of this thesis. This would 

provide a more technical approach.  
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1 FORWARD CURVES FOR THE NORDIC SYSTEM ELECTRICITY PRICE 

 

 

FIGURE 37, FRONT QUARTER FORWARD CURVE FOR ELECTRICITY AS OF SEPTEMPER 2012 (VATTENFALL AB, 2013 (2)) 

 

FIGURE 38, FRONT QUARTER FORWARD CURVE FOR ELECTRICITY AS OF DECEMBER 2012 (VATTENFALL AB, 2013 (2)) 
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2 FUTURE CURVES FOR THE STEEL BILLET PRICE 

 

FIGURE 39, STEEL BILLET FUTURE CURVE AS OF MID-MARCH 2009 (BLOOMBERG, 2013) 

 

FIGURE 40, STEEL BILLET FUTURE CURVE AS OF MID-MARCH 2010 (BLOOMBERG, 2013) 

 

FIGURE 41, STEEL BILLET FUTURE CURVE AS OF MID-MARCH 2011 (BLOOMBERG, 2013) 
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FIGURE 42, STEEL BILLET FUTURE CURVE AS OF MID-MARCH 2012 (BLOOMBERG, 2013) 

 

FIGURE 43, STEEL BILLET FUTURE CURVE AS OF MID-MARCH 2013 (BLOOMBERG, 2013) 

 

 

 

 

480

500

520

540

560

580

600

Mar.12 Aug.12 Jan.13 Jun.13

P
ri

ce
 

[U
S

D
 p

e
r 

to
n

n
e

] 

Forward curve

Spot price

230

250

270

290

310

330

Mar.13 Jun.13 Oct.13 Jan.14 Apr.14

P
ri

ce
 

[U
S

D
 p

e
r 

to
n

n
e

] 

Forward curve

Spot price



 

 

   


