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Abstract 

To analyze patterns in the behavior of North American natural gas prices, we consider a 

number of topics, which are organized in separate chapters. The second chapter introduces 

the reader not familiar with the energy industry to the North American gas and the world oil 

commodity markets. The rest of the chapters would be useful for the energy market 

participants interested in modeling energy price behavior. We examine statistical properties 

of the Henry Hub natural gas price series over the deregulated period starting 1991. We also 

examine the properties of the WTI oil price where appropriate, as we distinguish between the 

oil market being a world commodity market, and the natural gas market being a North 

American market. We look for possible dependencies in the behavior of the commodity 

prices on spot and futures markets while testing for effectiveness of futures price formation. 

We also address a macro-economic issue of the cyclical patterns in natural gas and oil prices 

behavior. 
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Chapter 1. Introduction 

The thesis consists of five essays devoted to natural gas and oil markets and their prices. 

Knowing the basic statistical properties and historical behavioral pattern of the series is 

the first important step for further price modeling and forecasting. Thus, the objective of 

this thesis is to determine patterns in the behavior of North American natural gas prices 

using different econometric techniques. 

The second chapter reviews the evolution of petroleum markets over the last 50 years and 

provides the fundamental background for the majority of the topics discussed in the 

thesis. It demonstrates the change of the markets toward being fully integrated, 

competitive, transparent and uniform. If prices were set by regulatory authorities and 

were changing according to certain formulae, it would be pointless to study statistical 

properties of the data such as integration/cointegration and also probability distributions, 

which are widely used by researchers for modeling purposes. Business activity and 

integration of the oil markets led to tremendous opportunities in terms of developing new 

financial instruments to eliminate risks for the interested parties. Extended use of 

financial instruments, such as futures/forward contracts, swaps, etc. served as a new way 

to satisfy market participants needs as opposite to active government intervention to 

regulate commodity prices. 

The third chapter focuses on the technical description of the commodity contracts and 

provides a description of general statistical characteristics of spot and futures prices. 



We work with the WTI crude oil price, Henry Hub natural gas price and the NYMEX 

traded futures contracts for both commodities. We check whether oil and gas series are 

integrated of order one meaning that the change in prices from period to period is a 

stationary process and has a constant mean and variance. We also fit the series into the 

normal probability distribution. 

In the fourth chapter we discuss the methodology of hedging strategies and look at the 

spot and futures prices in combination to analyze the efficiency of the historical price 

formation. We check whether the spot and futures price series are cointegrated using 

Johansen cointegration tests. Finding cointegration properties means that we can expect 

changes in futures and spot prices in long run to generally occur in unison, and, in that, 

the spot and futures markets can be defined as efficient. 

As we proceed in analyzing the strength of the spot and futures price dependencies in the 

fourth chapter, we also present two other econometric tools, including the impulse 

response and the variance decomposition. These tools help to determine convergence to 

the equilibrium, a speed of convergence, and impact on the price variances after a shock 

( or innovation) was applied to one of the spot or futures price series. 

In the fifth chapter we further elaborate on finding a probability distribution to achieve 

the best fit. We fit both oil and gas price series probability distributions and conditional 

distribution of the residuals from the co integrating regression of spot on futures prices 

into log skew normal and log skew t probability distributions. 
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The sixth chapter is a macroeconomic essay on commodity prices being a part of the 

global economy. We find correlations between the commodity prices and US output and 

consumer prices to elaborate on the cyclical properties of the commodity prices. In 

addition, we find correlation coefficients between the crude oil and natural gas price 

cyclical components and report the results. 
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Chapter 2. Historical Overview 

2.1. Introduction 

As the objective of this paper is to determine patterns in the behavior of North American 

natural gas prices, it can only be the case if we expect various regional Canadian and US 

markets to be "well integrated". In an integrated market, prices in different regions and/or for 

different contracts tend to move together in a parallel fashion with the differences reflecting 

only the transportation and transaction costs. 1 As the development of integrated energy 

markets led to a significant growth and diversification of the market activities, new trading 

instruments were introduced and organized commodity exchanges emerged. Due to the large 

participation in commodity trading, prices are formed under market pressure. The latter fact 

provides the background for the current research on the statistical properties of the data, while 

estimating possible patterns in the changes of a particular price series or in prices across 

contracts, such as spot and futures. 

From this point of view it is important to demonstrate the evolution of the natural gas markets 

on the way from prices being preset by regulatory authorities in advance and planned to be 

gradually increasing using arithmetic formulas to prices determined by competitive pressure 

across regions. We follow the development of the crude oil market, and provide an 

investigation of oil price behavior as the closest commodity substitute for natural gas. 

1 This situation is often referred as "the law of one price". 
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The statistical market analysis provided in the following chapters has the purpose of detecting 

general patterns in oil and gas price changes, and market efficiency of the spot and futures 

contracts prices in particular. We show that natural gas spot prices tend to move together with 

futures prices. We find dependencies, which can be used as evidence that the North American 

natural gas market became more integrated and, by extension, more competitive in the 

deregulated era. Analysis of this sort would be meaningless in the regulated era. 

In this paper we use the United States commodity prices series; as such we focus on the 

description of the major natural gas market deregulation legislative developments in the 

United States, while in parallel we also outline some of the Canadian natural gas market 

deregulatory changes. We also outline the evolution of the regulation of the crude oil pricing 

which affected the development of the natural gas market. 

This chapter provides an overview of the evolution of the crude oil and natural gas market. 

Section 2 provides an overview of evolution of the crude oil market. Section 3 contains a 

description of the major legislative changes that occurred in natural gas markets in the United 

States and Canada and generally discusses advantages and disadvantages of these 

developments. Section 4 discusses institutions, which form the natural gas industry 

infrastructure. Section 5 concludes. 
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Table 2.1. Table of acronyms used in Chapter 2. 

OPEC 

LDC 

NOP 

NEP 

FTA 

NAFTA 

FPC 

NGA 

NEB 

NGPA 

FERC 

LNG 

DOE 

ERA 

LDCs 

Organization of Petroleum Exporting Countries 

Less Developed Countries 

National Oil Policy (Canada) 

National Energy Program (Canada) 

Free Trade Agreement 

North-American Free Trade Agreement 

Federal Power Commission (USA) 

Natural Gas Act (USA) 

The National Energy Board (Canada) 

National Gas Policy Act (USA) 

Federal Energy Regulatory Commission (USA) 

Liquefied Natural Gas 

Department of Energy (USA) 

Economic Regulator Administration (Canada) 

Local Distribution Companies 

2.2. Historical Overview of the World Oil Market and North American Oil Market 

The US and Canadian natural gas markets can be considered as North American, while the oil 

markets of these two countries are part of the world market. We show later in the paper that 

oil and gas prices often possess different statistical characteristics. In this section we provide 

an overview of world oil price formation with emphasis on North America. 
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The world oil pnce 1s currently largely determined by the Organization for Petroleum 

Exporting Countries, founded in 1960. OPEC consists of a number of countries with the 

lowest cost of oil; it includes eleven Less Developed Countries, 2 whose production accounts 

for about 40% of the world oil production. OPEC formation was a response to lower LDC 

government's revenues, as the result of a few large oil companies' price manipulations. OPEC 

started by imposing a fixed amount paid per barrel of oil, which in effect was an excise tax or 

royalty and acted as an operating cost to a producer. OPEC's objective to maximize profits for 

a small group of oil producing countries through the oil pnce manipulations resulted 

historically in occasional inabilities of the OPEC countries to come to an agreement within 

the cartel itself causing severe damage to oilmen worldwide. 3 

The 1973-74 energy crisis and high oil prices were the result of Saudi Arabia cutting the oil 

supply. The 1978-79 crisis and price explosion coincides with Iranian revolution and Saudi's 

threat of oil output reduction. In 1985-1986 the situation reversed when Saudi refused to 

provide any kind of quotas or long-term commitments to the price brackets cutting the price 

dramatically in order to ensure the shrinking market demand for OPEC oil. Every competing 

seller had to extend to the new lower price, the buyer could not refuse the offer, so that the 

bottom of market disappeared and the oil price collapsed. The fourth crisis occurred in 1990 

when prices rallied following the Middle East hostilities. This crisis was moderated by Saudi 

. 4 output mcrease. 

2 For details see www.opec.org 
3 For details see Watkins, G.C (1987) pp.3-15. 
4 Amongst the most recent collisions, there were 1998 economic collapse in South-East Asia, and the sharp 
rise in prices during 2000-2001 , when prices double against those in 1999. In 2002 prices reverted to about 
1999 level as markets adjusted. The development of the natural gas market, as crude oil substitute and new 
free market forces in place affecting price formation weakened the ability of OPEC to manipulate the oil 
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Meanwhile, starting late 1950s early 1960s control over imports in US, and the National Oil 

Policy (NOP) of 1961 (and later by National Energy Program (NEP)) in Canada effectively 

separated these markets from the world market. During 1960s and the beginning of 1970s 

OPEC was a leader, and the world oil price was lower than the North American oil prices. In 

1973 the Canadian oil prices were frozen and then regulated by the government well into 

1980s5
, North American oil prices were generally lower than world oil prices. The 1980 NEP 

planned to gradually increase the price for Canadian oil and keep it well under the world price 

according to specially designed formulae; the 1985 world oil price collapse put these plans to 

an end. Starting 1985 the Western Accord between the three producing Canadian Provinces 

(Alberta, Saskatchewan and British Columbia) was signed, and, in essence, the pricing of 

crude oil was deregulated. US oil price deregulation happened in 1981 . 

Oil exports were a major topic of discussion between the US and Canada starting in 1957.6 In 

anticipation of the 1990 Middle East instability to ensure the North-American trade co-

operation the 1989 bilateral Free Trade Agreement (PTA) between US and Canada, and later 

in the 1994 trilateral North-American Free Trade Agreement (NAFTA) between US, Canada 

and Mexico was intended to provide · the long-term framework governing export between 

these countries and consultations if regulatory actions of any of the countries are seen to 

involve price discrimination. 

price. After 2001crisis the Middle East supplies are considered to be more vulnerable, while Russia 
assumed more important role. 
5 For details on see Watkins, G.C (1987) pp.111-114. 
6 For detail see Watkins, G. C. (2003), p.15 . 
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2.3. Historical review of the evolution of Natural Gas legislation 

2.3.1. Natural Gas Act of 1938 

In the United States the natural gas industry was initially comprised of two large segments: 

exploration and production, and distribution and sales. The first sector was originally not 

controlled at all and was referred to as the natural resource extraction industry. The second 

segment was controlled by local governments due to a threat of monopolistic control by 

existing pipelines. Growing of the natural gas market caused pipelines to spread from one 

geographic region to another and from one state to another; it became clear that pipeline 

regulation by local authorities in each state was not enough. Interstate natural gas pipelines 

were deemed to be public utilities by the Federal government. The Federal Power 

Commission (FPC) was created by Congress through the Natural Gas Act (NGA) of 1938 

exercising the right under US Constitution to protect public interests. 

A few of the principles introduced in NGA of 1938 are still in place today. The most 

important regulatory developments included the requirements of obtaining certification prior 

to building a new transmission line or abandoning lines which were not in use, and providing 

transmission services at approved transmission rates. The approval documents needed were 

commonly known as 7 ( c) certificates named after the section those requirements were listed 

under in the NGA. This process worked well until the market dynamics changed and demand 

for natural gas accelerated due to World War II, which set the stage for further regulatory 

developments. 
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2.3.2. The Phillips Decision and its effects 

With limited pipeline accessibility and regulated transmission rates, supply and demand 

discrepancies started to emerge during the 1940s and 1950s. Natural gas prices varied from 

one geographic region to another. This led to the Supreme Court Phillips decision of 1954 

issuing an order to the FPC to impose control over wellhead prices on interstate sales of 

natural gas. Additionally, the exploration and development segment of the natural gas market 

was included under the 7(c) certification process. The effects of this ruling eventually resulted 

in setting the stage for the deregulation of the exploration and production, and distribution 

segments of the market. 7 

Rising natural gas price pressures and fear of curtailments in the interstate markets initially 

were met with increased regulation and legislation to set price-ceiling escalation schedules. 8 

Over time expanding gas demand caused gas prices in interstate9 markets to rise to the levels 

of Federal price ceilings, where they were constrained. This limited the upside potential for 

producers to sell on interstate markets. Once the price ceilings were binding, supply shortages 

began to appear sporadically. 

7 In Canada, meanwhile, soon after World War II, when western oil and gas resources were discovered 7 and 
developed for interprovincial and international use, it also became crucial to provide policy regulations regarding 
conditions of construction and use of new pipelines and the approval of energy exports and natural gas in 
particular. The National Energy Board (NEB), Canada's federal energy regulator, was created in 1959 by the 
Parliament of Canada for the purpose of promoting safety, environmental protection and economic efficiency in 
the Canadian public interest. In addition to this regulatory institution, the rights and responsibilities of each 
producer of natural gas provinces are outlined by section (92) of the Constitution Act (1867). 

8 See Margaret Jess ( 1997) 
9 As similar situation emerged in Canada, "interstate" can be further regarded as interprovincial, and 
"intrastate" as intraprovincial as opposite to United States 
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Prices in intrastate markets, by contrast, were not regulated by the FPC, so were free to reach 

levels that would allow demand to be fully satisfied. Additional inflexibility in interstate 

markets grew out of their tendency to use fixed-price long-term supply contracts (up to 30 

years long). Since the intrastate markets were more flexible and price responsive, they tended 

to attract incremental gas supplies, thus worsening the supply situation in the interstate 

markets. 

As the natural gas shortage starting at the end of 1960s spread throughout the interstate 

natural gas industry in the early 1970s, industrial gas users begun to find not only that their 

prices were increasing, but also that their relatively inexpensive gas supply sources sustained 

interruptions for extensive periods - sometimes virtually all year. After the 1973-74 energy 

crisis there was growing concern in Canada and US about the long-term adequacy of energy 

supplies. During the winter of 1976-77, the federal government's pricing plan led to 

constraints of natural gas (in non-natural gas producing states) that caused service 

curtailments for large manufacturing plants and even some schools and homes. More than 20 

consuming US states declared emergency situations. 

Thus many industries were forced to contract for long-term oil supplies in order to be assured 

of energy supplies, at peak periods to substitute for natural gas, since it could not be relied on. 

Gas distribution companies in tum, were encouraged to enter into generous take-or-pay 

contracts with producers to encourage them to find more reserves. Under these contracts, 

pipeline companies agreed to take certain minimum annual volumes of gas from producers, 

and to pay for any gas not taken below these minimum levels. 
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The situation and development of the Canadian natural gas market followed a similar pattern 

to the US, and deregulation in US, in fact, had proceeded at a slower pace. Thus, Canadian 

companies were soon relieved from paying for minimum volumes: take-or-pay clauses 10 were 

already abandoned in 1976 shifting all the fixed pipeline costs into demand charges in 

accordance with the NEB decision. 

Another rather remarkable tendency in Canada in 1970 was that natural gas producers wished 

to obtain prices comparable to those in the US gas market, which resulted in the first 

Canada/Alberta Gas Pricing Agreement, effective November 1975. From 1975 to 1985, the 

prices of Alberta 11 natural gas sold in inter-provincial trade were regulated by the federal 

government under the Petroleum Administration Act (later the Energy Administration Act) at 

a level set by the two governments(Alberta and Ottawa), while prices on natural gas produced 

and consumed within Alberta was fully regulated by the provincial government. 

2.3.3. Natural Gas Policy Act of 1978 (US) 

By 1978, when the National Gas Policy Act (NGPA) was proposed to reverse the Phillips 

Decision of 1954, distributors had already lost load because industries had switched to 

alternative fuels. NGPA established the Federal Energy Regulatory Commission (FERC) to 

supervise the execution of the policy act. The goal of the new legislation was to increase 

10 By the end of October 1981 TransCanada PipeLine Limited had paid approximately 1 billion to 
producers for gas it could not sell, even though it had not entered into new take-or pay contracts since 1977 
(source: Natural Gas Market Assessment, October 1988, p.8) 
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supply on the interstate market through reform of wellhead price control. High-regulated 

prices combined with the guaranteed sales revenues were designed to provide an incentive to 

producers to be able to increase their exploration efforts and even calculate a projected price 

according to a formula set by FERC. 

As producer prices rose, gas supplies achieved greater balance with demand. In addition, 

imports of Liquefied Natural Gas (LNG) from Algeria helped to swell the gas supplies of 

some eastern companies. Intrastate companies in producing areas also moved into a 

temporarily surplus gas position occasioned basically by the increased take-or-pay 

requirements in their gas purchased contracts. By the end of 1978, increasing gas supplies, 

coupled with decreasing demand, showed a developing surplus - at least temporarily - in the 

nation. 

Department of Energy (DOE) figures put the temporarily surplus at well over one trillion 

cubic feet. 12 While some pipelines companies were able to move out of curtailments, other 

still curtained certain loads. The curtailed loads generally were of a "low priority" nature, as 

defined by FERC, when surpluses could not be readily used to balance shortage: the Fuel Use 

Act (1978) prevented gas from being used for industrial boiler fuel and prohibited the 

construction of new-gas fired plants. These developments, combined with the economic 

recession of 1982 led to a large decrease in US gas demand and, in Canada, to a slowing of 

growth in domestic gas demand. 

11 Most of the natural gas consumed in Canada is produced in the three western provinces of British 
Columbia, Alberta and Saskatchewan, with Alberta holding the biggest natural gas and crude oil reserves. 

12 See Pierce (1980) 
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Higher prices are not an incentive if the gas cannot be sold. Thus, a further concern of the 

surplus situation was that producers would be unable to sell gas and thus would reduce their 

efforts to search for new gas, despite the higher prices. These concerns, along with the need to 

reduce oil imports, resulted in governmental action leading to the "oil displacement program". 

The first steps were taken and the final rule was adopted on April 4, 1979. DOE' s Economic 

Regulator Administration (ERA) document stated that expanded use of natural gas would be a 

significant step forward reducing US short-term oil consumption. Increased use of gas would 

help to reduce demand for imported oil and would not only help protect the nation from the 

effect of any oil shortage, but also would serve to cushion the impact of increasing world oil 

pnces. 

Along with this action, however it was necessary to amend FERC rules to allow interstate 

pipeline companies to transport gas for what otherwise was considered to be low priority uses. 

Thus, the ERA took a second step: it adopted a rule that provided for certification of the use 

of natural gas to displace fuel oil. 

We notice that the NGP A was designed not only to eliminate the sharp regulatory dichotomy 

between the interstate and intrastate natural gas markets; it was also an attempt to move from 

wellhead price controls to deregulation. This law gradually phased out price controls for 

some natural gas prices at the wellhead. While FERC was also successful in achieving its goal 

to stimulate supply, "improving" the demand side of the equation was still elusive and some 
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price controls remain existent, distorting the market by imposition of different rules and price 

ceilings. (The price ceiling structures applied in the US are discussed in detail by Pierce 

(1990). For similar discussion on Canadian regulated pricing structures see Report on Natural 

Pricing Deregulation in Canada (1987)). 

2.3.4. Final steps in deregulation and a new market structure 

"It should be emphasized that there was no intent to deregulate the 

transmission component of the natural gas sector. Rather it was 

recognized that the fundamental reason for regulating is still valid. 

The main objective was to deregulate those components of the natural 

gas sector for which (as explained by Pierce(1990)) there were no 

sound fundamental economic reasons for regulation in the first 

place." (Mansell R. and Church J., 1995) 

A more competitive market would give customers of the interstate pipeline companies more 

service options and allow the ultimate consumers to benefit from the deregulation of wellhead 

prices. As the process of deregulation of natural gas prices directly affected the market 

participants' interests and created more choices for them to function in a competitive 

environment in search for competitive price, it is also implied that a major change in the 

structure of the natural gas industry had to occur. Existent market participants needed to 

adjust "to play" by new rules and new market participants were yet to appear. We offer a 

more detailed discussion of the market participants' functions in the following section. 
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Prior to 1978, the structure of the industry was simple, although confining. Gas producers, 

both large and small, explored for and produced natural gas. They sold that gas to pipeline 

companies, who transported the gas across the country, and, for the most part, sold it to local 

distribution companies (LDCs). These companies then sold the gas to end-users. The price for 

which producers could sell their gas to interstate pipelines was regulated by the federal 

government, as was the price for which the interstate pipelines could sell their gas to LDCs. 

State or local government agencies regulated the price charged by the LDCs to their end 

users. 

The change of structure of the natural gas industry was mostly a result of efforts by large 

natural gas customers to reduce their own cost of delivered gas, they started turning to spot 

markets where production surpluses led to price much below the weighted average price of 

pipeline companies' contracted supplies. These large consumers and distribution companies 

simply tried to find ways to avoid buying high-priced pipeline gas and sought arrangements 

that could produce substantial savings over the pipeline companies' bundled products that 

included high-cost contract gas. 

As such, the regulatory authorities in both United States and Canada were determined to 

satisfy the market participants' needs through introduction of new rules designed to bring 

competition into marketplace and shift decision making from government, pipeline companies 

and regulatory institutions to producers and end-users. 
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In 1985, the transformation of the natural gas industry to more open and flexible gas markets 

in US began with the issuance of the first of a series of regulatory actions Open Access Rule 

Orders 436 and 500 by FERC. "In Canada, the Western Accord of 29 March 1985 between 

the federal government and three western producing provinces recognized that a "more 

flexible and market-oriented pricing mechanism is required for the domestic pricing of natural 

gas." The Accord was followed by the Agreement on Natural Gas Markets and Prices on 31 

October 1985. The intent of this Agreement was to "create the conditions for such a regime, 

including an orderly transition which is fair to consumers and producers and which will 

enhance the possibility for price and other terms to be freely negotiated between buyers and 

sellers."(Natural Gas Market Assesment,1988, p.9-10) 

These documents not only provided enhanced access to export markets by relaxing control on 

export prices and volumes of gas exportable on a short-term basis, but also encouraged 

interstate and interprovincial pipeline companies to separate their sales and transportation 

functions, therefore providing gas purchasers and producers more options for trading natural 

gas. "Unbundling" of the pipeline services was emphasized allowing users to be contracted 

for various services. "Bundling", on the other hand, was the term used for rolling in all the 

cost incurred by a pipeline for all the available services regardless of the services provided as 

per a particular contract, so that all cost attached to the gas are paid equally by all existing 

customers. The concept was to allow gas producers and consumers to enter directly into 

contracts obtaining an agreement with a pipeline regarding gas transmissions; pipelines were 

still allowed to buy gas from producers and to sell it to consumers in a traditional manner. 

17 
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These further triggered the development of numerous transportation tariffs identifying 

different types of transportation services. 

More than 30 years after the Phillips decision during the late 1980s, it eventually became 

generally recognized in US that wellhead gas-price regulation had not worked and clear 

unfettered price signals were critical for having an efficient and responsive mechanism for 

matching supplies with demand. The US Congress and the Federal Energy Regulatory 

Commission finally began moving toward a more market-oriented approach to the regulation 

of natural gas wellhead pricing. Congress enacted the Natural Gas Wellhead Decontrol Act of 

1989, which phased out price controls on natural gas by removing all price controls on the 

wellhead sales of at the wellhead and gradually eliminated FERC regulation of producer sales 

of natural gas until full decontrol in 1993, allowing the price of natural gas to be freely set in 

the marketplace. 

In US the Clean Air Act Amendments of 1990 further provided opportunities for the 

expansion of the natural gas market. Other legislation and policy directives, including the 

U.S.-Canadian Free Trade Agreement, the Natural Gas Wellhead Decontrol Act, and the 

repeal of the Power Plant and Industrial Fuel Use Act, also have had far-reaching implications 

for the natural gas industry. In general, environmental and national security concerns have 

prompted legislation that encourages increased use of natural gas because of its relatively 

clean-burning characteristics in comparison with other fossil fuels. The initiatives have also 

affected transportation and distribution patterns. 
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The next step culminated with the release of FERC Order 636 in 1992, required that 

transportation and sales services be separated and pipeline customers be given the opportunity 

to contract for only the specific services they needed from the pipeline companies, primarily 

transporters. Prior to these rulings, interstate pipeline companies often acted as both 

transporters and merchants of natural gas, bundling the sales and transmission of gas to LDCs 

into one service. 

We notice that the objectives of the Orders 436, 500 and 636 were designed not to affect the 

physical transportation of the gas, but to alter the business activity and market participation 

along the interstate pipelines. In Canada, since the signing of "Halloween" agreement in 

October of 1985, which was the foundation of the dramatic increase of business activity in the 

natural gas market, the changes occurred in long-term natural gas delivery contracts were also 

a major topic of discussion. The structure, terms and conditions of long-term agreements 

became more flexible. By 1993, the operational structure of the interstate - interprovincial -

international transmission industry in North America had already been transformed. 

Market response was changed drastically: after 1994, gas production increased whereas real 

wellhead prices and proved reserves actually declined. This demonstrated ability to produce 

more gas from fewer reserves despite lower real prices provides evidence that improved 

efficiency and technology have fundamentally altered the gas supply process. Prices to 

consumers dropped significantly, as customers benefited from declining wellhead prices and 

lower transmission costs. 
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-· - ------------------- --------------, 

The other important feature that deregulation brought to life was the development of financial 

markets dealing with forward, futures, swaps and the other derivatives contracts that enable 

the most efficient market operations. 

In Canada, the NEB 13 is currently responsible for the regulation of construction and operation 

of pipelines, including traffic, tolls and tariffs of interprovincial and international pipelines. 14 

The NEB' s main responsibility includes considering applications, holding public hearings for 

major toll applications and making decisions in regards to tolls and tariffs for pipelines15 to 

ensure that they are just and reasonable, and there is no discrimination in tariffs and services. 

2.4. Natural Gas Market Infrastructure 

Many of the natural gas market institutions were mentioned in the previous sections. We will 

review and provide more details about some of the key participants and their specifics in the 

present section. 

Among the major participants forming the natural gas market are, of course, natural gas 

production companies, which drill for · and extract natural gas, and pipelines, which provide 

the basic transportation for natural gas with the help of compressor stations. We also mention 

storage facilities located along the pipeline systems. Storage facilities are very important and 

13 The NEB' s counterpart organizations in the United States are FERC and the Department of Energy and 
Transportation, and in Canada at the federal level is the Department of Natural Resources Canada. NEB also 
interacts with the most province 's and territory's established energy regulatory bodies empowered with specific 
mandates and responsibilities, which further opens opportunities to extended collaboration in policy making. 

14 Besides, it is also responsible for construction and operation of electric utilities. 
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allow withdrawing or injecting volumes of natural gas periodically in order to balance any 

discrepancies between supply and demand in the market system. 

Deregulation and market restructuring have directly contributed to growth in gas storage for 

managing seasonal inventories, the development of a secondary transportation market, and 

better information about commodity and transportation prices via commodity markets and 

electronic bulletin boards. Price signals for natural gas are quickly transmitted between 

consumers and producers, and regional markets became more integrated. 

End users of natural gas are situated at the end or along the pipelines. The end users consist of 

residential users, industrial consumers, co generation facilities and commercial end users 

including offices, schools and other public institutions. Electric utilities are amongst the 

biggest end users of the natural gas and can usually switch to alternative fuels easily if the gas 

price is not economical in comparison with alternatives, such as fuel oil. 

As part of the regulatory restructuring, when interstate transportation rates were adjusted, the 

more efficient allocation of capacity became a reality. When the responsibilities for the 

transportation arrangements shifted from pipelines to the LDCs, other direct purchasers to 

include the responsibilities for transportation arrangements and negotiations of gas supply 

arrangements, producers, pipeline affiliates; distributors and marketers could all play a larger 

role in supplying natural gas to end users. This contributed to a creation of more competitive 

market and a major expansion in a number of participants entering the natural gas market. 

15 A toll is a price charged by the pipeline company for the use of its facilities, while a tariff contains the 
conditions under which transportation services are provided. 
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Distributors, although still regulated in some respects by their state or local governments, 

were given increasing flexibility to be more responsive to the needs of their customers. Most 

distributors now offer unbundled services, which allow a larger end user to select the most 

cost effective and efficient mix of supply, transportation, storage, backup and other services. 

Gas marketing firms started to appear in the 1980 in response to the deregulation of prices. 

This new type of industry player has emerged to facilitate a competitive market, since 

purchasers of natural gas were allowed to negotiate price provisions and contract terms with 

many different suppliers, while contracting separately with pipeline companies for 

transportation, storage, and various other services. 

Perhaps the most known function of the marketing compames is their role as trading 

companies to look for an arbitrage opportunity buying and selling natural gas at different 

markets for a profit. As a result of deregulation any company is free to buy or sell natural gas 

to anyone. Gas marketing companies, often with no ties to any one gas company, can serve as 

an intermediary between a gas buyer and other segments of the industry. Such an independent 

gas marketer in addition to marketing gas supply can serve as the purchaser's agent in making 

all the arrangements necessary to get the gas delivered, providing, in essence, a "package" of 

sales and transportation services. The ability to provide services like these resulted in 

explosive growth of hundreds of trading companies in North America. 
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"Service marketing and trading companies are important to the natural gas industry for several 

reasons. As a service provider, these companies can perform many of necessary 

administrative business procedures at a low cost for those companies that do not have 

established departments, or the know-how to perform these functions. As traders, they keep 

the supply and demand balance in constant equilibrium by searching for profitable arbitrage 

opportunities where discrepancies between supply and demand exist. In general, they help the 

market by providing efficiency, liquidity and competition." (Sturm (1997), p.10) 

2.5. Conclusion 

Studying natural gas or the crude oil prices in the deregulated market, when prices reflect 

current equilibrium, can provide us with the useful information on the historical patterns of 

the commodity price behavior. The North American natural gas market is the local market and 

the crude oil market is considered to be the world oil market. Thus, we might find differences 

in the properties and patterns in the behavior of oil and gas prices. 

Rising demand for natural gas has been seen across all customer sectors. The choice of 

natural gas is also partly due to its environmental benefits, as switching to natural gas helps 

companies, energy service providers and utilities comply with Clean Air Act regulations. 

Additionally, gas competes with other fuels favorably as an economically attractive source of 

energy. 
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We also underlined the general tendency of the commodity markets to become more 

integrated, while still some of the elements of regulation remain in place. We showed that as 

market integration proceeded the power of price formation was transmitted from regulatory 

authorities in the US and Canada to a large number of smaller market participants, such as 

producers, pipeline affiliates, distributors, trading companies, which also play a significant 

role in supplying natural gas to end users. Business activity and trading of the unified 

commodity contracts on organized exchanges provide the fundamental discussion for the rest 

of the essay topics presented in this paper. 
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Chapter 3. Fundamental Characteristics of the Natural Gas (Henry Hub) 

and Crude Oil (WTI) Spot and Futures Contracts {NYMEX), and 

Statistical Properties of the Price Series 

3.1. Introduction 

The structural changes undergone by the world petroleum industry and the North American 

natural gas market in particular, as it was discussed in the previous chapter provide the 

fundamental explanation for the birth of the forward and futures markets. The first trading 

transactions involved spot deals and term-contracts for purchasing the crude oil and natural 

gas from producers. Spot deals began to expand because holders of the teim contracts were 

adjusting their final requirements to cope with discrepancies between quantities and types and 

locations of oil and gas purchased. As the result, organized commodity exchanges for trading 

futures/forwards contracts began to emerge. The organized exchanges provided the 

mechanism for balancing and adjustments needed for hedging and managing price risks. 

Worldwide and in North America, pipeline interconnections formed well recognized and 

linked pricing hubs, such as Henry Hub in US and the Alberta Energy Company -NOV A 

Inventory Transfer (AECO-C/NIT) near Empress, Alberta. The pricing "hubs" for crude oil 

include Brent being the largest world market and West Texas Intermediate (WTI) being the 

most liquid and the largest North American pond for term- contracts. We provide a full 

description of the Henry Hub and WTI contacts later in this chapter. 
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This chapter also focuses on the general technical description of the data series for the natural 

gas and crude oil futures and spot prices series, which will be used throughout the thesis. The 

examination of the series includes theoretical discussion and presentation of empirical results 

to determine if the data in question are stationary and co integrated. We also present the results 

of the tests for the normal probability distribution. 

This chapter is organized as follows. In section 2 we define the source of the price time series 

for crude oil and natural gas contracts. In section 3 we present the underlying theory on the 

stationary properties of the data, provide some descriptive statistics and results of the tests, 

and fit the normal probability distribution. In section 4 we apply Dickey - Fuller unit root tests 

to examine the stationarity of the data. Section 5 concludes. 

3.2. Source of the Data and Futures Contracts Main Characteristics 

The source of the data is Bloomberg. The series tickers are NGUSHHUB Index, USCRWTIC 

Index for the Bloomberg natural gas Henry Hub spot price and the Bloomberg West Texas 

· Intermediate (WTI) Cushing crude oil spot price, and NGl <CMDTY> and CLl <CMDTY> · 

for the Bloomberg generic one-month futures contracts for natural gas and crude oil, 

respectively. Bloomberg provides the following description of the generic futures contracts 

"For example: 'US 1' is the near contract generic 'US' future. 'US2' is the second, etc. A 

generic is constructed by passing together successive 'Nth' contract prices from the primary 

month from Jan to December. Contract month are 'rolled' on a given day specified by the user 

in their COMMMODITY defaults." 
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3.2.1. Light, Sweet Crude Oil 

"The NYMEX Division light, sweet (low-sulfur) crude oil futures contract has become the 

world's most liquid forum for crude oil trading and the world's largest-volume futures 

contract trading on a physical commodity. Because of its excellent liquidity and price 

transparency, the contract is used as a principal international pricing benchmark."(Source: 

NYMEX web site. 16
) 

The light, sweet crude oil - also often referred as WTI, is the world's most traded commodity. 

This however does not mean that the price of WTI can be used as an indicator of world oil 

price. WTI rather serves as the dominant price for price setting in the US. 

In sum, the NYMEX contracts generally still represent US domestic markets and not 

appropriate for hedging of the waterborne cargos that form the basis of the most world oil 

trading. 

WTI is popular amongst refiners because of the relatively high yield of high-value products 

such as gasoline, diesel fuel, heating oil and jet fuel. The Bloomberg WTI crude oil spot price 

"is derived by adding spot market spreads to the front-month NYMEX contract, and is 

delivered F.O.B. WTI is traded in pipeline lots of 1,000 to 5,000 barrels a day for delivery 

between the 25th of one month to the 25th of the next month."(Source: Bloomberg.) 

16 See www.nymex.com 

27 



The trading unit for the contract is 1,000 US barrels (42,000 gallons). Trading months are 30 

consecutive months plus long-dated futures initially listed 36, 48, 60, 72, and 84 months prior 

to delivery. Trading terminates at the close of business on the third business day prior to the 

25th calendar day of the month preceding the delivery month. If the 25th calendar day of the 

month is a non-business day, trading shall cease on the third business day prior to the last 

business day preceding the 25th calendar day. 

Minimum price fluctuation is $0.01 (1 cent) per barrel ($10.00 per contract). Maximum daily 

price fluctuation: initial limits of $3.00 per barrel are in place in all but the first two month 

and rise to $6. 00 per barrel if the previous day's settlement price in any back month is at the 

$3.00 limit. In the event of a $7.50 per barrel move in either of the first two contract month, 

limits on all months become $7.50 per barrel from the limit in place in the direction of the 

move following a one-hour trading halt. 

The contract delivery point is Cushing, Oklahoma, at any pipeline or storage facility with 

pipeline access to TEPPCO, Cushing storage, or Equilon Pipeline Co., by in-tank transfer, 

book-out, or inter-facility transfer (pumpover). It is also accessible in international spot 

markets via pipelines. By providing delivery of the several grades of domestic and 

internationally traded foreign crudes, the future contract is designed to serve the diverse needs 

of the physical market. All deliveries are ratable over the course of the month and must be 

initiated on or after the first calendar day and completed by the last day of the delivery month. 
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3.2.2. Henry Hub Natural Gas 

The world's first futures natural gas contract was launched at NYMEX in April 1990. In 

August 1995 the Kansas City Board of Trade (KCBT) introduced and began trading a 

Western Natural gas futures contract with the Waha Hub in West Texas as a delivery point. 

The delivery points of these two contracts were chosen based on the high volume of trading 

activity and the high degree of volatility in prices at the two points. 17 

Since then the futures natural gas contract has been the fastest growing instrument in the 

NYMEX history. "Industrial users and electric utilities together account for 59% of the 

market; commercial and residential users combined are 42%." (Source: NYMEX web site.) 

The trading unit for the contract is 10,000 million British thermal units (mmBtu). Trading 

months are 72 consecutive months commencing with the next calendar month ( for example, 

on January 2, 2003, trading occurs in all month from February 2003 through January 2009). 

Trading terminates three business days prior to the first calendar day of the delivery month. 

Minimum price fluctuation is $0.001 (0.1 cent) per mmBtu ($10.00 per contract). Maximum 

daily price fluctuation is $1.00 per mmBtu ($10.00 per contract) for all month. If any contract 

is traded, bid, or offered at the limit for five minutes, trading is halted for 15 minutes. When 

trading resumes, expanded limits are in place, which allow the price to fluctuate by $2.00 in 

17 Sturm F.J.(1997) 
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either direction of the previous day's settlement price. There are no price limits on any month 

during the last three days of trading in the spot month. 

The contract delivery point is Sabine Pipe Line Co. 's Henry Hub in Louisiana. Sellers are 

responsible for the movement of the gas through the Hub; the buyer, from the Hub. The Hub 

fee is paid by a seller. The delivery period is no earlier than the first calendar day of the 

delivery month and to be completed no later than the last calendar day of the delivery month. 

All deliveries are made as uniform as possible on an hourly and daily rate of flow over the 

course of the delivery month. 

3.3. Stationary and Nonstationary Processes18 

The assumption of stationarity is important for modelling economic time-series. Incorrectly 

assuming stationarity leads to potentially hazardous conclusions. Hendry and Juselius (2000) 

mention a few intuitive reasons for this to be true: 

if the data means and variances are not constant over time, that means that they come 

from different distributions, which causes problems for empirical modelling; 

non-stationarity can be due to evolutionary technological or policy changes in the 

economy, so the assumption about constant mean and variance cause serious statistical 

mistakes; 

18 In this section we mostly follow the procedure analysis for non-stationary series presented in Hendry 
and Juselius(2000). 
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3.3.1. Stationary process 

A variable is said to be weakly stationary when its first two moments -mean and variance are 

constant over time. As an example, consider a model 

(3.1) 

where Xt is some time series variable. Assume that the change in Xt given all the relevant 

information It-I, at time t-1, is zero, Et-I [ LJ Xt /ft-I] =O. LJ x, =et, where LJ Xt = Xt - x,_1 is the first 

difference of the series x 1, and et is an IID[O, a/] process (where D denotes the relevant 

distribution which is not necessarily normal). (3 .1) is a dynamic relation and has a unit root. 

Xt is first difference stationary. 

3.3.2. Non-stationary process 

In this section, as an example of non stationary process, we demonstrate that Xt in level is not 

stationary. (3 .1) shows that x1 are influenced by the past price value Xt-I and et . . Thus, the effect 

of et. persists indefinitely and the past errors accumulate as follows: 

(3.2) 

where the unit root assumption implies an ever increasing variance to the time series around a 

fixed mean and violates the constant-variance assumption. From (3.2) we can derive 

(3.3) 
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where the initial value of x0 has all information on past behaviour of commodity prices. This 

model is more appropriate than (3.2) for economic ~odelling, as it has a finite variance 

although the variance is non-constant and differs for t= 1,2 .. T The process of accumulating 

random errors implies that the graph of the series for log prices generally should look 

smoother than for their first differences. 19 

As the result of (3.3) we can see that the E (xJ=x0, and that the variance can be approximated 

as ta/. However this is a case when the theoretical and the sample mean are not equal at all 

because of the non-stationarity of Xi. 

3.3.2. Empirical results 

From the visual inspection of the Figure 3.1 part (a), (b), (c) and (d) we see that the variances 

of the residuals of the time series in question are not constant. Figures 3.2 through 3.5 

demonstrate histograms of the distributions of the series in levels, their logarithmic 

transformations, and their first differences of the series for the natural gas spot, natural gas 

futures, crude oil spot and crude oil futures prices respectively. We also include an analysis of 

statistical properties of the data and results of fitting all of the series in question into the 

normal distributions for the series in levels, their logarithmic transformation and their first 

differences in Tables 3.1- 3.3. According to the p-value produced by the Shapiro-Wilk three 

parameter normality tests, the hypothesis of normal distribution is rejected for almost all 

series in their levels, their logarithmic transformations and their differences, except for the 

19 See Hendry and Juselius(2000) p.11. 
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crude oil spot and futures price series in levels and for the first difference of the natural gas 

. . pnce senes. 

The Figures 3.6 through 3.9 also demonstrate the fitted Kernel density2° for the senes m 

levels, their logarithmic transformations, and their first. 

Figure 3.1. The First Differences (Residuals). 
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20 Simple functions (typically Gaussians) which are added together, positioned at known data points, to 
approximate a sampled distribution. 
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Table 3.1 Some of the Statistics for the Series in Levels in Sample 1991:01-2002:12. 
Monthly Frequency. 
Statistic21 

WTI WTI-fut NG NG-fut 
Skewness .55 .55 2.81 2.61 
Kurtosis 3.00 3.01 15.83 13.73 
Mean 21.15 21.15 2.49 2.52 
Variance 21.92 21.97 1.46 1.34 
Shapiro- Wilk test 
p-value * 0.44 0.44 0.00* 0.00* 
* null hypothesis is normal distribution. Significant at 95% confidence interval, reject null 

Table 3.2 Some of the Statistics for the Natural Logarithms of the Series in Sample 
1991:01-2002:12. Monthly Frequency. 
Statistic 

WTI WTI-fut NG NG-fut 
Skewness -.04 -.05 0.84 0.81 
Kurtosis 2.97 2.98 4.07 4.08 
Mean 1.31 1.31 0.36 .37 
Variance 0.01 0.01 .03 .06 
Shapiro- Wilk test 
p-value* 0.02* 0.03* 0.00* 0.00* 
* null hypothesis is normal distribution. Significant at 95% confidence interval, reject null 

Table 3.3 Some of the Statistics for the First Difference of the Natural Logarithms of the 
Series in Sample 1991:01-2002:12. Monthly Frequency. 

Statistic 
WTI WTI-fut NG NG-fut 

Skewness 0.01 0.01 -0.25 -0.24 
Kurtosis 4.04 4.06 3.86 3.63 
Mean 0.00 0.00 0.00 0.00 
Variance 0.00 0.00 0.01 0.00 
p-value* 0.08 0.08 0.00* 0.20 
* significant at 95% confidence interval 

2 1 The skewness is the measure of the lack of symmetry of distribution. If coefficient for skewness is 0, the 
distribution is symmetric. If the coefficient is negative, the median is greater than the mean and the 
distribution is said to be skewed left. If the coefficient is positive, the median is less than the mean and the 
distribution is said to be skewed right. Kurtosis (from Greek kyrtosis meaning curvature) is a measure of a 
peakedness of a distribution. The smaller the coefficient of kurtosis, the flatter the distribution. The normal 
distribution has a coefficient of kurtosis of 3 and provides a convenient benchmark. 
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Figure 3.2. Histograms and Normal Probability Distribution Fitted Lines for the 
Natural Gas Spot Price Series. 
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Figure 3.3. Histograms and Normal Probability Distribution Fitted Lines for the 

Natural Gas Futures Price Series. 
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Figure 3.4. Histograms and Normal Probability Distribution Fitting Lines for the Crude 

Oil Price Series. 

a. Series in levels b. Logarithmic transformation 
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Figure 3.5. Histograms and Normal Probability Distribution Fitted Lines for the Crude 

Oil Futures Price Series. 

a. Series in levels b. Logarithmic transformation 
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Figure 3.6. Kernel Density Estimate of the Natural Gas Price Series. 

a. Series in Levels. b. Logarithmic transformation. 
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Figure 3.7. Kernel Density Estimate of the Natural Gas Furtures Price Series. 

a. Series in Levels . b. Logarithmic transformation. 
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Figure 3.8. Kernel Density Estimate of the Crude Oil Price Series. 

a. Series in Levels. b . Logarithmic transformation . 
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Figure 3.9. Kernel Density Estimate of the Crude Oil Futures Price Series. 

a. Series in Levels. b. Logarithmic transformation. 
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3.4. Theoretical Framework and Methodology Testing for Integration 

Some forms of non-stationarity can be eliminated by transformation, as we do in the present 

section by estimating the order of integration of each of the series. 

3.4.1. Examining trends. 

In this section, we test for the presence of the stochastic trend or a unit root in data series 

using augmented Dickey-Fuller (ADF) equations of the general form 

k 

~Yt = ao + a2T + r.Yt-1 + L)1~Yt-J + &t, 
J=l 

(3.4) 

where ~Yt = Yt - Yt-J, Tis a time-trend, and the optimal lag length, k, is selected by the Akaike 

information criterion (AIC). Lagged values of L1Yt are added to the regression to eliminate 

possible effects of serial correlation or heteroskedasticity in the residuals on the limit 

distributions of the test statistics. For each of the data series the null hypothesis Yt ~ I(l) or a 

unit root ('y=O in the above equation) can be tested against four alternative hypothesis as 

follows22 

Yt ~ I(O), where the stochastic process of Yt is expressed as Yt = YYt-J + &t (3 .5) 

Yt ~ I(O) with drift, where Yt presumably follows Yt = a+ YYt-J + &t (3.6) 

Yt ~ I(O) around linear trend, where Yt = a+ /JT + YYt-J + &t (3.7) 

22 See MacKinnon ( 1992). 
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Yt ~ I(O) with trend that changes over time, where Yt =a+ f31T+ f32T 2 + yy1_1 + &t (3.8) 

Choosing the appropriate functional form of the Data Generating Process (DGP) is important. 

As Serletis and Herbert (1999) p.475-476 in their study notice: "In particular, one problem is 

that the presence of the additional estimated parameters reduces degree of freedom and the 

power of the test - reduced power means that we will conclude that the process contains a unit 

root when, in fact none is present. Another problem is that the appropriate statistics for testing 

1 0 depend on which regressors are included in the model." 

Although we cannot be sure of the actual DGP we can easily dismiss equation (3 .5), which 

implies that the series (population) has mean zero, hence it has no practical meaning while 

working with economic data series, such as commodity prices. Equation (3.8) is not 

commonly used and allows time series to have a trend that changes over time. The latter 

specification is logically more appropriate when examining longer intervals of time-series 

Pindyck( 1999)). 

Results of investigation of the price time-series in levels and in natural logarithm of levels are 

presented in Table 3.4 and Table 3.5, respectively. The results show that all of the series are 

integrated of order one I(l). This conclusion is based on the model (3.6), which we claim to 

be the appropriate model specification, since the statistic t(aci) for the trend in model (3.7) is 

insignificant. Further investigation of the integration properties of the series is presented in 

Table 3.6. These results are reported for the first differences of all the series, and confirm 

results reported in Table 3.4 and Table 3.5 stating the I(l) properties of the series in question. 
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Table 3.4 Unit Root Test for 1(1) Results for the Data in Sample period 1991:01-2002:12. 
Monthly Frequency. 

Series P-value/Number oflags23 Decision 

Pett i k Pct ;k Pc1k t(acJ 
WTI 0.00*/12 0.04*/12 0.12/12 1.98 I(l)/c 
WTI-fut 0.00*/12 0.04*/12 0.12/12 1.98 I(l)/c 
NG 0.13 /9 0.03/4 0.11/4 2.22 I(l)/c 
NG-fut 0.15 /9 0.08/5 0.26/4 2.27 I(l)/c 

*significant at 95% confidence interval. Null hypothesis is I(l). 95% critical value for t(act)=2.79(Dickey and 
Fuller (1981). 

Table 3.5. Unit Root Test for 1(1) Results for the Natural Logarithm of the Data in 
Sample period 1991:01-2002:12. Monthly Frequency. 
Series P-value/Number oflags Decision 

WTI 
WTI-fut 
NG 
NG-fut 

Petti k 
0.01 */12 
0.02*/12 
0.01 */12 
0.13/2 

Pct ;k 
0.06/12 
0.02*/12 
0.06/12 
0.05/2 

0.45/5 
0.47/4 
0.45/5 
0.19/2 

1.74 
2.68 
1.75 
2.50 

I(l)/c 
I(l)/c 
I(l)/c 
I(l)/c 

*significant at 95% confidence interval. Null hypothesis is I(l). 95% critical value for t(act )=2.79(Dickey and 
Fuller (1981). Decision is based on the chosen specification. 

Table 3.6. Unit Root Test for 1(2) Results for Log Daily Data in Sample 1991:01-2002:12. 
Monthly Frequency. 

Series 

L\.WTI 
L\.WTI-fut 
L\.NG 
L\.NG-fut 

P-value/Number of lags 

0.00*/5 
0.00*/3 
0.00*/5 
0.00*/3 

*significant at 95% confidence interval. Null hypothesis is 1(2) 

23 
- where k is the number of optimal lags chosen by AIC-2 rule; 
- the maximum number of lags included was 12; 
- Pett is t-statistics for DF with constant, trend and trend squared, i.e. eq. (3.8); 
- Pct is t-statistic for DF with constant and trend, i.e. eq. (3.7); 
- Pc is t-statistics for DF with constant and without trend, i.e. eq. (3.6);; 

Decision 

I(l) 
I(l) 
I(l) 
I(l) 

- t(act) is t-statistics for the significance of trend in the DF with constant and trend, i.e. eq. (3.7);. 
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3.5. Conclusion 

In this chapter we presented the main characteristics of the commodity price series and the 

underlying futures contracts. We presented the results of the tests for stationarity and 

normality of the commodity prices. The normal probability distribution does not provide a 

very good fit for the distribution of the natural gas prices. In chapter 4 we will further discuss 

the probability distribution issue and attempt to fit the data into newly invented log-skew t and 

log-skew normal probability distributions. 

In our investigation we also follow a simple path based on the important modeling assumption 

that economic time series come from a stationary process, meaning a process whose means 

and variances are constant over time. We found that all of the time-series in question are first 

difference stationary or I(l) and this result is robust across different kinds of test 

specifications we performed. This result logically takes us to the next chapter where we 

discuss the efficiency of commodity markets and provide the underlying theory and empirical 

results of testing for cointegration and other dependencies between futures and spot markets. 
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Chapter 4. Modeling Common Stochastic Trends 

4.1. Introduction 

In the present chapter we outline definitions and some of the basic facts from the theory of the 

spot and futures markets. We test if the futures price is an unbiased predictor of the future 

spot price. We also underline that the results of this chapter are robust not only to the 

relationships between futures and spot markets, but also to the relationship between spot 

prices and fixed-float swaps in particular, the function of which is similar to the function 

performed by the futures. 

We continue our discussion of the relationship between spot and futures prices using Johansen 

(1991) cointegration technique, which is a maximum likelihood estimation procedure and an 

appropriate statistical model when there is evidence that prices in levels are not characterized 

by a stationary process but are integrated of order one. Johansen's technique is designed to 

demonstrate if there is a long-term relationship between series. Cointegration of commodity 

prices if detected can characterize arbitrage between commodities or between spot and futures 

markets. 

We also investigate properties of the cointegrating model through impulse response functions 

of futures and spot prices for each of the natural gas and crude oil markets. Depending on the 

speed of convergence to equilibrium after an arbitrary shock is applied to an endogenous 

variable in VAR representing respectively futures or spot prices we . make preliminary 

conclusions about the stability of equilibrium and, by stating this, about assuming potential 
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price efficiency for modeling purposes. We also model the variance decomposition of the 

series. By contrast to the impulse response function, the latter model gives information about 

the relative significance of the contribution of the random innovations (shocks) in one of the 

endogenous variables in the model to the variations of each of the endogenous variables in the 

model in consecutive periods of time. 

The chapter is organized as follows. Section 2 starts with definitions of the markets for the 

storage, cash and futures. Then, in Section 3 we specify the expected relationship between 

futures and spot markets and elaborate on the efficiency of the futures prices being an 

unbiased predictor of the future spot prices while making decision about hedging price risk. 

Section 4 discusses the similarities between futures and swap contracts to show that the 

results of the present chapter are not restricted to a particular relationship between financial 

instruments used to hedge risks on commodity markets. Section 5 provides a short 

introduction to the theory of cointegration, briefly describes Engle-Granger (EG) and 

Johansen's cointegration techniques and presents empirical results for both. In this section we 

also further consider the dynamic behavior and interaction of the spot and futures prices by 

drawing impulse response function and presenting variance decomposition results. 24 Section 6 

concludes. 

24 There are, of course, more complicated models to investigate the dynamics of commodity prices. One of the alternatives relates 
fluctuations of prices to geometric Brownian motion (GBM). GBM is also often used as an argument against price predictability based 
on the historical information. GBM process in tum has its own disadvantages as still assumes normal distribution of the logarithm of 
prices and the increasing linearly over time horizon fixed volatility parameter. Although in the latest literature it is discussed that the 
equilibrium price should follow GBM, and the short-term deviations from equilibrium price might be represented by Ornstein -
Uhlenbleck mean-reverting process. (See Pindyck(l 999,2001 )). Building these models would potentially be a valuable exercise for a 
future practical evaluation of the price behavior. 
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4.2. Spot and Futures Markets 

4.2.1. Spot price, cash market and role of inventories 

A regional exchange matches buyers and sellers looking to fulfill short-term commitments. 

The spot market is composed of the physical users of natural gas looking to manage pipeline 

inventory accounts and speculators. In a competitive market, purchases and sales of the 

commodity for immediate delivery occur at a price, which is called spot price. As buyers and 

sellers are forced to react to real market conditions such as weather and inventory balances or 

other unpredictable factors, prices can respond rapidly and dramatically. Inventory level 

changes are amongst the most important factors affecting price changes, so that a definition of 

the spot market, which reflects only the supply/demand ( or production and consumption) 

balance in a system which we most commonly use is not quite correct. The term "cash 

market", which has a different meaning, characterizes a balance between production, 

consumption and inventory level to determine an equilibrium price at any point of time. 

The inventories serve a number of functions. Producers and industrial consumers hold them to 

reduce the cost of adjustment and marketing by facilitating delivery schedules in order to 

avoid stockouts. The adjustment costs of production can include an increasing marginal cost 

of production or hiring and training new personnel during change from low-demand to high-

demand periods. Thus, the ability to inject or withdraw gas from storage has a significant 

impact on the equilibrium in the system, since inventories serve as a "lubricant" balance 

which smoothes out fluctuation of the equilibrium price. It follows that we expect higher 

price volatility when the inventory is low. The market clearing condition in the cash market 
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therefore implies a relationship between the spot pnce (net demand) and change m 

inventories. 

4.2.2. Futures markets 

The price of futures contracts is built on expectations about market conditions in the future. 

Futures markets provide consumers and producers of a commodity with a convenient way to 

reduce risk while natural gas and crude oil are among the most volatile commodities in the 

world in terms of price. Futures contracts are "paper" contracts, which allow buyers and 

sellers to forward purchase or sell contracts for natural gas or crude oil to effectively hedge 

against price exposure. 

One example of a hedging strategy would be a consumer of a commodity who hedges a price 

increase by taking a long position in a future contract. If the price of the commodity rises 

(falls), the consumer will pay more (less) for the commodity on the ongoing basis, but have an 

offsetting gain (loss) from the futures position. Throughout, the consumer normally never 

takes an actual delivery on a futures contract. The position is usually repeatedly rolled over to 

future dates or simply closed out by selling the contracts. 

Another example of a hedging strategy is taken from Pindyck (2001), p.19: "Likewise, an oil 

producer concerned about the risk of oil price decreases could hedge this risk by taking a 

short position in oil futures. Any decreases in oil prices would then be offset by gains from 

the futures position. Not surprisingly, producers of oil and oil products typically hold short 

futures or forward positions." 
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There are a few basic requirements for the futures market to be successful. The commodity 

has to be homogeneous and gas delivered under one contract has to be of the same quality and 

characteristics as gas delivered under another contract. Any difference in chemical 

characteristics of commodities specified in futures contracts and the commodity one is trying 

to hedge provide only an imperfect hedge and does not eliminate all the risks. For example 

most crude oil futures contracts are based on the price ofWTI crude oil, which is not the same 

as oil, produced in other regions. 

It must be also possible to reduce potential for a few players to affect the market price. Thus, 

there has to be a high degree of liquidity or significant number of participants. The fact that 

speculators participate greatly improves liquidity and allows transferring price volatility risk 

from hedgers to speculators. 

4.3. The relationship between spots and futures markets and effectiveness of the futures 

contract 

The primary connection between spots and futures markets is that both value petroleum 

commodities. The difference is that one deals with the current market value and the other one 

with the expected future market value. 
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The effectiveness of the futures contract as a hedging instrument depends on how well the 

futures prices forecasts the future spot price. A futures contract is a more effective hedging 

device when it reduces the variance of the hedger's total position. For this reason, the futures 

market is effective when the futures price is expected to be a good estimator of the ultimate 

settlement value of the future spot price. It is expected that spot prices and futures prices 

converge as the forward time differential shrinks. The less these prices move together the less 

effectively will the futures contract hedge spot price risk. 

To be able to predict changes of oil and gas prices, especially in relation to futures prices, 

would mean a boundless profit at low risks. Depending on the expectations about the future 

price the speculator can short sell oil or gas to gain profit in the future when prices fall. In 

case of rise in the future price the speculator buys the commodity to sell it at a higher price in 

the future. These scenarios seem unlikely, so we anticipate that the expected value of the 

change in future price Ft at time t-1, to be small and approximately equal to the spot price St 

denotes a spot price at time t. 

Thus, the hypothesis we want to test is whether the futures price is an unbiased predictor of 

the future spot price. As De Vany and Walls (1995), p.87 note: "A common test for futures 

market efficiency is to regress the spot market price at time t on the futures contract price at 

time t-j for a contract maturing at time t: 
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This states that the futures price at time t-j estimates the spot price that will hold at time t. It 

should be an unbiased predictor of the future spot price and converge to it at maturity. To test 

how well the futures market predicts and converges to the spot market, we test the restriction 

that /J 1 = l. /Jo is not restricted because prices can differ by a constant, which will be related to 

their distance apart through transmission tariffs. Because the spot and futures markets are at 

different locations, their prices will not necessarily be equal, owing to transportation costs." 

4.4. The robustness of the futures versus spot prices effectiveness results 

It is important to estimate the relationship between spot and futures prices in terms of the 

similarities between the futures contracts and other financial instruments, which are also 

actively traded on the commodity exchange. As such the robustness of the efficiency of the 

futures prices as predictors of the future spot prices, if found, might be applied not only to the 

actual futures contract but also to many other financial instruments, which are similar in terms 

of pricing structure to the futures contracts. 

In this section we provide an example of the last statement and show the similarity in price 

formation for different financial instruments suitable for hedging purposes. We focus on the 

description of the fixed-float futures swap contract which is the closest match to the futures 

contract. 

In the most generic sense the swap can be defined as an agreement between the seller of the 

fixed price and the buyer of the floating price on a particular product. There are four types of 
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fixed-float swaps used in the natural gas market. The most common amongst them is a fixed-

float futures swap, followed, with a slight variation, by a basic swap and by the combination 

of the previous two kinds of swaps, which is called an index swap, and finally a fixed-float 

swing swap. Each particular type of the . swap contract plays quite an important role in 

managing different risks in natural gas trade operations. 

Futures look-alike swaps perform almost the same function as futures contracts with the 

exception that after expiration of a futures contract, there is a physical settlement, as opposed 

to a financial settlement in case of a swap contract. Futures swap and futures contract have the 

same two basic components - a fixed price and a floating price. The fixed price of a future 

contract is the current price of that contract at a specific time. The fixed price of the futures 

swap is theoretically the same as the current price on a futures contract for that particular 

month and is intended to track the value of that contract. 

The difference between these two consists in the floating price component. fu case of the 

actual futures contract the . floating price is the price just before expiration of the contract or 

the final settlement price on the expiration day if making or taking physical delivery of the 

commodity. While in case of the futures swaps the floating price is the calculated price, most 

commonly known as L3D price for that contract, which is calculated as a simple average of 

the final settlement prices for the last three trading days for the particular contract. 

The settlement price for any particular trading day is usually calculated as the true weighted 

average price of every trade done in the last two minutes of trading for that day by the futures 
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exchange. On the last trading day the settlement price is calculated as the true weighted 

average of all the trades done in the last 30 minutes of trading for that day except on the last 

trading day for a contract. Thus the floating price for the futures swap contract theoretically 

will be less volatile (similar to an index) than using only the last day's closing price as in case 

with the futures contract. Practically, many of the futures swaps are traded at the last trading 

day settlement price due to some specific pricing structures or if the swap is transacted in the 

last three days of trading. 

The mechanics of the futures swaps is simple and resembles to the futures contracts. The 

buyer pays a fixed price and receives L3D floating for that contract month from the seller. As 

such, the swaps are often used as a substitute for futures contracts. As Sturm F.J., (1997) p.45 

notes: "In addition L3D corresponds to the floating price of other types of swaps and also 

functions as an alternate pricing method for physical gas. Furthermore, although rarely the 

case, some companies do not have actual futures trading account set up with the futures 

exchanges and futures swaps provide them with the a way to participate in the price action of 

the futures market." 

4.5. Cointegration properties of the data and the futures spot prices dynamics modeling 

Having found confirmation for the stochastic trends in the time-series in question in the 

previous chapter following the Dickey-Fuller procedure, we shall proceed to explore the 

shared stochastic trends among the series. The finding that many macro time series may 

contain a unit root has spurred the development of the theory of non-stationary time series 
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analysis. Engle and Granger (1987) pointed out that a linear combination of two or more non- . 

stationary series may be stationary. If such a stationary, or 1(0), linear combination exists, the 

non-stationary (with a unit root), time series are said to be cointegrated. 

The stationary linear combination is called the cointegrating equation-and may be interpreted 

as a long-run equilibrium relationship between variables. Existence of a cointegrating 

equation might serve as evidence that there is a long-run equilibrium relationship between 

spot and futures prices preventing the spot and futures prices from diverging beyond an 

arbitrage limit. In the present section we test that futures and spot prices are likely to be 

cointegrated. If they were not, then in the long-run futures might drift consistently above or 

below spot prices. 

The common objective of cointegration testing is to determine the most stationary linear 

combination of the vector time-series under empirical investigation. Gonzalo (1994) analyzed 

the statistical performance of a number of cointegrating tests, including the EG test and 

Johansen's method. Gonzalo found Johansen procedure to be statistically superior to the other 

tests under consideration. In the present section we first outline methodology presented by 

Engle and Grange, as it is often used due to its simplicity and intuition, then present the 

Johansen methodology and compare the results of both tests. 
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4.5.1. Cointegration Properties of the Series and EG test 

The residual-based test using methods recommended by Engle and Granger (1987) can be 

performed in much the same way as unit root tests. The EG method's null hypothesis of no 

cointegration (i.e. long-run equilibrium relationships) for the series in levels is tested against 

the alternative of a cointegrated relationship, meaning that a linear combination of the 

integrated variables has a stationary distribution. Not rejecting the null hypothesis is taken as 

evidence that the integrated variables have no tendency to move together. Following Engle 

and Granger (1987), the following equation is estimated 

Yt = a + fJ Xt + ct . (4.1) 

If the variables Yt and Xt are cointegrated, the above equation is a cointegrating equation and 

the error vector ct should be stationary. 25 If they are not co integrated ct must have a unit root. 

Thus, the null hypothesis of non-cointegration may be tested by using DF or ADF on the 

residuals ct. For the former case we estimate 

A A 
& = r & t-1 + residual , (4.2) 

A A A A 
where c denotes the lh residual from the estimation of equation ( 4.1) and c = ct - & t-1. 

Tests based on ( 4.2) are called EG tests. Notice that matrix of non - stochastic regressors such 

25 See MacKinnon (1992) for detailed description of the case for multivariate series EG testing. 
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Table 4.1. Cointegration Results for the Logarithmic Transformation of Commodity 
Prices in Sample period 1991:01-2002:12. Frequency Monthly. 
Dependent p-values* / number of lags in cointegrating equations Decision 
variable 

WTI WTI-fut NG NG-fut 
WTI 0.31 I 2 
WTI-fut 0.08 I 2 
NG 0.12/2 
NG-fut 0.51 I 2 

*the null hypothesis is the absence of cointegration, high p-values confirm the null. 

as constant and trends are not included in the regression. Including it would not make a 

difference in this case. 26 Also to eliminate possible nuisance parameter dependencies in the 

limit distribution of the tests statistics caused by temporal dependency in the residuals lagged 

A 

values of ~£ must be added to the right-hand side of the equation. The resulting test 

specification is called Augmented Engle- Grange (AEG). The results of AEG tests presented 

in Table 4.1. do not show cointegrating relationships between spot and futures prices for the 

series under investigation. 

4.5.2. Johansen cointegration technique 

Given a group of non-stationary series we may be interested in determining whether the series 

are cointegrated, and if they are, in identifying the cointegrating (long-run equilibrium) 

relationships. In this subsection we implement a Vector Auto Regression (VAR) based 

cointegration tests using the methodology developed by Johansen (1991). Johansen's method 

is to test the restrictions imposed by cointegration on the unrestricted VAR involving the 

senes. 

26 See MacKinnon (1992). 
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Consider a VAR of order p: 

Yt = A1 Yt-1 + ... + ApYt-p+ B Xt +&t, (4.3) 

where Yt is a k-vector of non-stationary 1(1) variables, Xt is a d vector of deterministic 

variables, A 1 ... Ap and B are matrices of coefficients to be estimated, and & t is a vector of 

innovations. We can rewrite the VAR as: 

p-1 

~Yt = ITyt-1 + Lri~Yt-i +Ext+ &t, (4.4) 
i=I 

where 

p p 

rr = LAi -I, r=- LAj 
i=I j=i+I 

Granger's representation theorem asserts that if the coefficient matrix IT has reduced rank r<k, 

then there exist k by r matrices a and~ each with rank r such that IT=aW and WYr is stationary, 

r is the number of cointegrating relations (the cointegrating rank) and each column of~ is the 

cointegrating vector. The elements of a are known as the adjustment parameters in the vector 

error correction model. Johansen's method is to estimate the IT matrix in an unrestricted form, 

and then to test whether we can reject the restrictions implied by the reduced rank of IT. 

If there are k endogenous variables, each of which has one unit root, there can be from zero to 

k-1 linearly independent, cointegrating relations. If there are no cointegrating relations, 

standard time series analysis such as the (unrestricted) VAR may be applied to the first-
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differences of the data. Since there are k separate integrated elements driving the series, levels 

of the series do not appear in the VAR in this case. 27 

Conversely, if there is one cointegrating equation m the system, then a single linear 

combination of the levels of the endogenous series WYt-J, should be added to each equation in 

the VAR. When multiplied by the coefficient for an equation, the resulting term aWYt-J is 

referred to as an error correction term. If there are additional cointegrating equations, each 

will contribute an additional error correction term involving a different linear combination of 

the levels of the series. 

If there are exactly k cointegrating relations, none of the series has a unit root, and the VAR 

may be specified in terms of the levels of all of the series. Note that in some cases, the 

individual unit root tests will show that some of the series are integrated, but the Johansen 

tests show that the cointegrating rank is k. This contradiction may be the result of a 

specification error. 

27 A vector error correction model (VEC) is a restricted VAR that has cointegration restrictions built into the specification, so that it is 
designed for use with nonstationary series that are known to be cointegrated. The VEC specification restricts the long-run behavior of 
the endogenous variables to converge to their cointegrating relationships while allowing a wide range of short-run dynamics. The 
cointegration term is known as the error correction term since the deviation from long-run equilibrium is corrected gradually through a 
series of partial short-run adjustments. 

As a simple example, consider a two variable system with one cointegrating equation and no lagged difference terms. The 
cointegrating equation is 

Y:u= PYu, 

and the VEC is 

l).y1,F = 1/ (y2.1 - PYu-1) + &1.1 , 
liY2,F = ½ (y2,1 - PY1.1-1) + &2,1 , 

In this simple model we do not include the lagged values of differences on the right-hand side and the two endogenous variables y 1.1 
and y 2_, have nonzero means but the cointegrating equation will have a zero intercept.27 The only right-hand side variable in this model 
is the error correction term. In long run equilibrium, this term is zero. However, if y1 and y 2 deviated from long run equilibrium last 
period, the error correction term is nonzero and each variable adjusts to partially restore the equilibrium relation. The coefficients 1J 
and Y2 measure the speed of adjustment. 
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The investigated series may have nonzero means and deterministic trends as well as stochastic 

trends. Similarly, the cointegrating equations may have intercepts and deterministic trends. 

The asymptotic distribution of the LR test statistic for the reduced rank test does not have the 

usual distribution and depends on the assumptions made with respect to deterministic trends. 

There are five test possibilities28 considered by Johansen, out of which we consider 

hypothesis where series have linear trend but the cointegrating equations have only intercepts. 

We base this choice on the assumption that long-run equilibrium conditions probably do not 

have trend. 

The results of cointegration analysis presented in Tables 4.2. and Table 4.3. are for the natural 

gas and crude oil prices respectively. The hypothesis that there is no cointegrating vector 

(r=O) was rejected at 5% for natural gas for all the model specifications (i.e. independent of 

the number of lags included). For crude oil prices the hypothesis of no cointegrating vector 

(r=O) was not rejected for the models with 6 and 8 lags specifications. 

In addition, we do not reject existence of cointegrating equations (i.e. cointegration relation) 

between the spot market and futures market. Specifically we fail to reject the hypothesis that 

there is one or less cointegration relation (r :SI) for natural gas prices models with 4 and 8 lags 

specified. We reject this hypothesis for the natural gas model specifications with 2 and 6 lags 

included. For the crude oil price models the hypothesis of one or less cointegration relation (r 

:Sl) was not rejected for the 2 and 4 lags model specifications. 

28 These five cases are nested from the most restrictive to the least restrictive, given any particular 
cointegrating rank r. (see Johansen (1995) pp. 80-84 for details) 

61 



Beyond the cointegration properties we also wanted to see if the futures price is an unbiased 

predictor of the future spot price. The unbiasedness was quantified by testing the hypothesis 

that the cointegrating parameter /31 is equal to unity, which held for both markets. We fail to 

reject the hypothesis of the unbiased relationship between futures and spot prices both for the 

natural gas and crude oil markets for all of the model specifications independent of the 

number of lags included. The spot and futures prices plotted together in Figure 4.1 and Figure 

4.2 for natural gas and crude oil series respectively show how well they track each other. 

Table 4.2. Cointegration Analysis on Spot Natural Gas Prices.29 

Number of lagged values included on H0: r=0 Ho: r :9 Po P1 Ho: I P1I =1 
RHS 

2 32.91 4.27** -0.01 -1.02 0.04 

4 39.59 3.62* -0.00 -0.99 0.03 

6 29.00 3.94** -0.00 -0.99 0.03 

8 22.99 2.19* -0.00 -0.98 0.03 

* (**) fail to reject existence of 1(2) cointegrating equation(s), *** rejects existence of cointegrating equations 

Table 4.3. Cointegration Analysis on Spot WTI prices.* 

Number of lagged values included on H0: r=0 Ho: r ~1 Po P1 Ho: IPA=l 
RHS 

2 25.11 3.41 * -0.00 -1 0.00 

4 15.84 2.85* -0.00 -1 0.00 

6 14.24*** 2.45 -0.00 -1 0.00 

8 12.95*** 2.34 -0.00 -1 0.00 

*(**) fail to reject existence of 1(2) cointegrating equation(s), *** rejects existence of cointegrating equations. 

29 Note: The 5 percent critical Likelihood Ratio (LR) test values for the cointegration rank tests from 
EViews: For H0: r=0 the critical value is 15.41, for H0 : r ~1 the critical value is 3.62. 
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4.5.2 Impulse Response Functions 

An impulse response function traces the effect on current and future values of the endogenous 

variables of a one standard deviation shock to one of the k innovations. A shock to the th 

variable directly affects the ith variable, and is also transmitted to all of the endogenous 

variables through the dynamic structure of the VAR. 

As an example consider a simple bivariate V AR(l): 

St = auSt-J +a12 Ft-I+ ... e1, (4.6) 

Ft= a21Ft-1+ a22St-1 + ... e2, 

A change in e 1 will immediately change the value of current St, It will also change all future 

values of St and Fi since lagged St appears in both equations. 

If the innovations e 1, and in our example e2, are uncorrelated, interpretation of the impulse 

response is straightforward. e 1 is the innovation for St and e2 is the innovation for Ft. The 

impulse response functions for e2 measures the effect of one stand~rd deviation shock on 

current and future commodity prices. 

The innovations are, however, usually correlated, so that they have a common component, 

which cannot be associated with a specific variable. A somewhat arbitrary but common 

method of dealing with this issue is to attribute all of the effect of any common component to 

the variable that comes first in the VAR system. In our example, the common component of 
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e 1 and e2 is totally attributed to e 1, because e 1 precedes e2. e 1 is then the St innovation, and e2 

the Ft innovation, is transformed to remove the common component. 

"Simulating the path of prices by shocking a single price may be misleading when all of the 

prices series tend to move together. To account for the historical (contemporaneous) 

correlation in the residuals, they are made orthogonal to each other by use of Cholesky 

factorization, which is the standard method".30 The analytic asymptotic standard errors of the 

impulse response functions are computed according to the formula given in Hamilton (1994) 

p.39. The Monte Carlo standard errors are computed as follows. At each repetition, a random 

sample from the asymptotic distribution of the VAR coefficients is retrieved. The asymptotic 

distribution of the VAR coefficients is given in Hamilton (1994), Proposition 11.2. The 

impulse response functions are computed from these simulated coefficients. Further, the 95% 

confidence interval by the percentile method is constructed after repeating this process m 

times. The standard errors reported in the table are the standard deviations of the simulated 

impulse responses across m replications. 

The equation ordering in the system can significantly impact the impulse response functions. 

We provide two possible ordering model specifications for each model of natural gas and 

crude oil prices, as we consider bivariate models. We also provide figures for impulse 

response function, which include model specification with 2, 4, 6 and 8 lags for each of the 

possible four variations of bivariate models. 

30 See DeVany and Walls(l995), p.58. 
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Figures 4.4 through 4.1931 of impulse response functions for the monthly frequency of the 

data indicate that the prices converge very slowly after 'being shocked at an arbitrary market. 

In general we notice that the innovations on the endogenous variable, which is the first 

equation in the model, generally cause higher response in the speed (longer sustained) and 

range (higher deviations) of price convergence in both futures and spot markets. 

We also notice that the impulse response function probably does not provide a very good 

explanation of the behavior of the monthly commodity prices. We see that generally after 

being shocked the price series converge slowly, while in fact it would be rather reasonable to 

expect monthly price fluctuations to converge to the origin in a small number of periods. As 

such we conclude that the model might be rather appropriate to study series with daily 

frequency. The fact that the ordering of equations changes the response functions a great deal 

can be used as an argument that the model is not stable and does not provide consistent 

results. 

31 The dotted line on the Figures are the 95% confidence bands. 
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Figure 4.4. Impulse response innovations in the model specification NG NGFUT with 2 

lags. 
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Figure 4.5. Impulse response innovations in the model specification NG NGFUT with 4 

0.10 

0.08 

0.06 ' ' ' ' 
0.04 

0.02 

' ' 

' 

' ' 

a. Response of NG to NG 

, ___ _ 

0.00 +-----------------

-0.02 ----.--..-----.--,----,--,---,-----,,--.----.----, 

0.08 

0.06 

0.04 

0.02 

1 2 3 4 5 6 7 8 9 10 11 12 

' ' ' ' ' ' 

c. Response of NGFUT to NG 

' '--------------

' ' ' --- -- -------

0.00 +--- --------------

-0.02 ;----,--..-----,--,----,--,---,-----,,--.----.----, 
1 2 3 4 5 6 7 8 9 10 11 12 

0.10 

0.08 

0.06 

0.04 
I 

0.02 

0.00 

-0.02 

0.08 

0.06 

0.04 

0.02 

b. Response of NG to NGFUT 

,,, 
I 

----

2 3 4 5 6 7 8 9 10 11 12 

d. Response of NG FUT to NGFUT 

' ' \ 
\ 

\ 

0.00 -+-----_,__,-_-_-__ -_-_-_-__ - _-_-_-__ -_- _-_-_ -__ - _---

-0.02 ----...----.--.......------...------, 
1 2 3 4 5 6 7 8 9 10 11 12 

68 



Figure 4.6. Impulse response innovations in the model specification NG NGFUT with 6 
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Figure 4.7. Impulse response innovations in the model specification NG NGFUT with 8 
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Figure 4.8. Impulse response innovations in the model specification NGFUT NG with 2 
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Figure 4.9. Impulse response innovations in the model specification NGFUT NG with 4 

lags. 
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Figure 4.10. Impulse response innovations in the model specification NGFUT NG 

with 6 lags. 
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Figure 4.11. Impulse response innovations in the model specification NGFUT NG 

with 8 lags. 
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Figure 4.12. Impulse response innovations in the model specification WTI WTIFUT 

with 2 lags. 
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Figure 4.13. Impulse response innovations in the model specification WTI WTIFUT 

with 4 lags. 
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Figure 4.14. Impulse response innovations in the model specification WTI WTIFUT 

with 6 lags. 
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Figure 4.15. Impulse response innovations in the model specification WTI WTIFUT 

with 8 lags. 
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Figure 4.16. Impulse response innovations in the model specification WTIFUT WTI 

with 2 lags. 
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Figure 4.17. Impulse response innovations in the model specification WTIFUT WTI 

with 4 lags. 

a. Response of WTIFUT to WTIFUT b. Response of WTIFUT to WTI 
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Figure 4.18. Impulse response innovations in the model specification WTIFUT WTI 

with 6 lags. 
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Figure 4.19. Impulse response innovations in the model specification WTIFUT WTI 

with 8 lags. 

a. Response ofWTIFUT to WTIFUT b. Response ofWTIFUT to WTI 
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4.5.3. Variance Decomposition. 

Variance decomposition provides a different method of depicting the system dynamics. 

Impulse response functions trace the effects of a shock to an endogenous variable on the 

variables in the VAR. By contrast, variance decomposition decomposes variation in an 

endogenous variable into the component shocks to the endogenous variables in the VAR. The 

variance decomposition gives information about the relative importance of each random 

innovation to the variables in the VAR. 

We provide vanance decomposition of each of the sen es we work with usmg model 

specifications with 2, 4, 6, 8 lags included for all the four ordering combination for two 

bivariate models for natural gas and crude oil price. The results from the Tables 4.4 through 

4.35 should be interpreted as in the following example: 

In Table 4.4. in the second period the variance decomposition of the natural gas series shows 

that for the model of natural gas prices, with the natural gas spot price being the first 

endogenous variable in the system, the variance of the natural gas spot price is 92.29% due to 

the shock in the natural gas spot price and 7. 71 % is due to the shock in the natural gas futures 

price. The percentage changes to 13. 81 and 86.18 respectively when the ordering of equations 

in the bivariate system changes as can be seen from the Table 4.13. These results confirm that 

changing the equations ordering in the impulse response system actually provides us with 

contradictory results. 
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Table 4.4. Variance Decomposition of NG with 2 lags. Ordering: NG NGFUT. 

Period Standard Error NG (in %,percent) NGFUT(in %,percent) 

1 0.075546 100.0000 0.000000 
2 0.100806 92.28821 7.711790 
3 0.117719 91.09424 8.905757 
4 0.129713 90.38053 9.619472 
5 0.138620 90.03457 9.965426 
6 0.145387 89.82316 10.17684 
7 0.150609 89.68711 10.31289 
8 0.154681 89.59349 10.40651 
9 0.157879 89.52648 10.47352 
10 0.160405 89.47706 10.52294 
11 0.162408 89.43983 10.56017 
12 0.164001 89.41134 10.58866 

Table 4.5. Variance Decomposition of NGFUT with 2 lags. Ordering: NG NGFUT. 

Period Standard Error NG (in %,percent) NGFUT(in %,percent) 

1 0.066988 75.90749 24.09251 
2 0.094424 71.01185 28.98815 
3 0.111466 72.80837 27.19163 
4 0.123404 74.38979 25.61021 
5 0.132211 75.66222 24.33778 
6 0.138889 76.61201 23.38799 
7 0.144038 77.31929 22.68071 
8 0.148050 77.84805 22.15195 
9 0.151200 78.24686 21.75314 
10 0.153687 · 78.55046 21.44954 
11 0.155658 78.78360 21.21640 
12 0.157226 78.96406 21.03594 

Table 4.6 Variance Decomposition of NG with 4 lags. Ordering: NG NGFUT. 

Period Standard Error NG (in %,percent) NGFUT(in %,percent) 

1 0.074866 100.0000 0.000000 
2 0.100728 91.43291 8.567094 
3 0.113808 90.55201 9.447990 
4 0.124233 90.75952 9.240478 
5 0.131491 90.27344 9.726555 
6 0.137665 90.10463 9.895365 
7 0.142858 89.85942 10.14058 
8 0.146971 89.63710 10.36290 
9 0.150400 89.51183 10.48817 
10 0.153265 89.40410 10.59590 
11 0.155677 89.32236 10.67764 
12 0.157728 89.25904 10.74096 
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Table 4. 7 Variance Decomposition of NGFUT with 4 lags. Ordering: NG NGFUT. 

Period Standard Error NG (in %,percent) NGFUT(in %,percent) 

1 0.065732 76.52144 23.47856 
2 0.092764 70.89296 29.10704 
3 0.104077 71.13830 28.86170 
4 0.112271 73.68582 26.31418 
5 0.119756 75.55529 24.44471 
6 0.126730 76.98307 23.01693 
7 0.132771 77.94914 22.05086 
8 0.137601 78.56730 21.43270 
9 0.141529 79.03881 20.96119 
10 0.144787 79.39303 20.60697 
11 0.147513 79.66482 20.33518 
12 0.149810 79.88179 20.11821 

Table 4.8. Variance Decomposition of NG with 6 lags. Ordering: NG NGFUT. 

Period Standard Error NG (in %,percent) NGFUT(in %,percent) 

1 0.073395 100.0000 0.000000 
2 0.098140 90.35353 9.646472 
3 0.110582 88.98205 11.01795 
4 0.121541 89.18025 10.81975 
5 0.128103 89.48310 10.51690 
6 0.133536 88.59557 11.40443 
7 0.138949 86.62619 13.37381 
8 0.142962 85.07353 14.92647 
9 0.145966 83.78449 16.21551 
10 0.148072 82.93563 17.06437 
11 0.149665 82.37770 17.62230 
12 0.151120 81.96287 18.03713 

Table 4.9. Variance Decomposition of NGFUT with 6 lags. Ordering: NG NGFUT. 

Period Standard Error NG (in %,percent) NGFUT(in %,percent) 

1 0.064591 76.07050 23.92950 
2 0.090868 70.06768 29.93232 
3 0.101347 70.02617 29.97383 
4 0.109831 72.73148 27.26852 
5 0.115342 74.75165 25.24835 
6 0.121115 75.50897 24.49103 
7 0.127575 75.09527 24.90473 
8 0.132576 74.46205 25.53795 
9 0.136333 73.89916 26.10084 
10 0.138994 73.53092 26.46908 
11 0.141045 73.25525 26.74475 
12 0.142923 73.00099 26.99901 
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Table 4.10. Variance Decomposition of NG with 8 lags. Ordering: NG NGFUT. 

Period Standard Error NG (in %,percent) NGFUT(in %,percent) 

1 0.073012 100.0000 0.000000 
2 0.097452 91.28719 8.712811 
3 0.110270 90.14691 9.853094 
4 0.122631 90.29356 9.706438 
5 0.129631 90.55934 9.440656 
6 0.135608 89.57716 10.42284 
7 0.141134 87.31782 12.68218 
8 0.147712 85.62144 14.37856 
9 0.150874 85.03785 14.96215 
10 0.152817 84.88615 15.11385 
11 0.154786 84.97320 15.02680 
12 0.156548 85.02015 14.97985 

Table 4.11. Variance Decomposition of NGFUTwith 8 lags. Ordering: NG NGFUT. 

Period Standard Error NG (in %,percent) NGFUT(in %,percent) 

1 0.064474 76.89715 23.10285 
2 0.090579 71.44617 28.55383 
3 0.101782 71.78147 28.21853 
4 0.111211 74.72536 25.27464 
5 0.117220 76.84000 23.16000 
6 0.122968 77.61392 22.38608 
7 0.130149 76.72539 23.27461 
8 0.136046 76.54084 23.45916 
9 0.139791 76.67894 23.32106 
10 0.142594 76.92653 23.07347 
11 0.145204 77.22053 22.77947 
12 0.147775 77.35749 22.64251 

Table 4.12. Variance Decomposition of NGFUT with 2 lags. Ordering: NGFUT NG. 

Period Standard Error NGFUT (in %,percent) NG(in %,percent) 

1 0.066988 100.0000 0.000000 
2 0.094424 99.41287 0.587134 
3 0.111466 99.57020 0.429799 
4 0.123404 99.56652 0.433476 
5 0.132211 99.48027 0.519730 
6 0.138889 99.37982 0.620176 
7 0.144038 99.28753 0.712468 
8 0.148050 99.21044 0.789563 
9 0.151200 99.14847 0.851527 
10 0.153687 99.09951 0.900489 
11 0.155658 99.06106 0.938937 
12 0.157226 99.03090 0.969098 
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Table 4.13. Variance Decomposition of NG with 2 lags. Ordering: NGFUT NG. 

Period Standard Error NGFUT (in %,percent) NG(in %,percent) 

1 0.075546 75.90749 24.09251 
2 0.100806 86.18743 13.81257 
3 0.117719 89.22402 10.77598 
4 0.129713 90.75697 9.243034 
5 0.138620 91.61698 8.383020 
6 0.145387 92.16287 7.837133 
7 0.150609 92.53106 7.468938 
8 0.154681 92.79122 7.208784 
9 0.157879 92.98089 7.019114 
10 0.160405 93.12239 6.877608 
11 0.162408 93.22977 6.770227 
12 0.164001 93.31231 6.687694 

Table 4.14. Variance Decomposition of NGFUTwith 4 lags. Ordering: NGFUT NG. 

Period Standard Error NGFUT (in %,percent) NG(in %,percent) 

1 0.065732 100.0000 0.000000 
2 0.092764 99.22693 0.773072 
3 0.104077 99.33287 0.667129 
4 0.112271 99.01555 0.984448 
5 0.119756 98.78909 1.210906 
6 0.126730 98.62608 1.373917 
7 0.132771 98.55034 1.449656 
8 0.137601 98.52414 1.475863 
9 0.141529 98.49881 1.501193 
10 0.144787 98.48265 1.517351 
11 0.147513 98.47261 1.527390 
12 0.149810 98.46483 1.535168 

Table 4.15. Variance Decomposition of NG with 4 lags. Ordering: NGFUT NG. 

Period Standard Error NGFUT (in %,percent) NG(in %,percent) 

1 0.074866 76.52144 23.47856 
2 0.100728 86.90423 13.09577 
3 0.113808 89.30459 10.69541 
4 0.124233 90.28434 9.715659 
5 0.131491 91.15863 8.841373 
6 0.137665 91.71818 8.281822 
7 0.142858 92.18549 7.814507 
8 0.146971 92.53778 7.462216 
9 0.150400 92.79263 7.207365 
10 0.153265 92.99627 7.003734 
11 0.155677 93.15737 6.842628 
12 0.157728 93.28730 6.712699 
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Table 4.16. Variance Decomposition of NGFUTwith 6 lags. Ordering: NGFUT NG. 

Period Standard Error NGFUT (in %,percent) NG(in %,percent) 

1 0.064591 100.0000 0.000000 
2 0.090868 99.12988 0.870122 
3 0.101347 99.20441 0.795591 
4 0.109831 98.94027 1.059732 
5 0.115342 98.36567 1.634327 
6 0.121115 98.45121 1.548791 
7 0.127575 98.57531 1.424692 
8 0.132576 98.59842 1.401582 
9 0.136333 98.58150 1.418504 
10 0.138994 98.57118 1.428821 
11 0.141045 98.56202 1.437979 
12 0.142923 98.55059 1.449405 

Table 4.17. Variance Decomposition of NG with 6 lags. Ordering: NGFUT NG. 

Period Standard Error NGFUT (in %,percent) NG(in %,percent) 

1 0.073395 76.07050 23.92950 
2 0.098140 86.59056 13.40944 
3 0.110582 89.23403 10.76597 
4 0.121541 90.46343 9.536574 
5 0.128103 90.90377 9.096228 
6 0.133536 91.62304 8.376955 
7 0.138949 92.10441 7.895590 
8 0.142962 92.34798 7.652024 
9 0.145966 92.42951 7.570492 
10 0.148072 92.48787 7.512134 
11 0.149665 92.55635 7.443647 
12 0 .151120 92.64670 7.353303 

Table 4.18. Variance Decomposition of NGFUT with 8 lags. Ordering: NGFUT NG. 

Period Standard Error NGFUT (in %,percent) NG(in %,percent) 

1 0.064474 100.0000 0.000000 
2 0.090579 99.26056 0.739442 
3 0.101782 99.37349 0.626507 
4 0.111211 98.96523 1.034773 
5 0.117220 98.21128 1.788717 
6 0 .122968 98.26818 1.731817 
7 0.130149 98.37579 1.624206 
8 0.136046 98.50718 1.492817 
9 0.139791 98.58219 1.417813 
10 0.142594 98.61438 1.385621 
11 0.145204 98.62371 1.376295 
12 0 .147775 98.66157 1.338432 
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Table 4.19. Variance Decomposition of NG with 8 lags. Ordering: NGFUT NG. 

Period Standard Error NGFUT (in %,percent) NG(in %,percent) 

1 0.073012 76.89715 23.10285 
2 0.097452 86.96385 13.03615 
3 0.110270 89.50949 10.49051 
4 0.122631 90.79756 9.202440 
5 0.129631 91.21760 8.782404 
6 0.135608 91.96817 8.031831 
7 0.141134 92.33388 7.666116 
8 0.147712 92.91188 7.088117 
9 0.150874 93.19039 6.809608 
10 0.152817 93.36079 6.639208 
11 0.154786 93.47005 6.529953 
12 0.156548 93.57657 6.423429 

Table 4.20. Variance Decomposition of WTI with 2 lags. Ordering: WTI WTIFUT. 

Period Standard Error WTI (in %,percent) WTIFUT(in %,percent) 

1 0.035134 100.0000 0.000000 
2 0.047329 99.86966 0.130342 
3 0.056175 98.85550 1.144501 
4 0.063203 97.69370 2.306302 
5 0.068980 96.48255 3.517447 
6 0.073810 95.35559 4.644410 
7 0.077888 94.35116 5.648840 
8 0.081349 93.47926 6.520743 
9 0.084298 92.73306 7.266939 
10 0.086817 92.09948 7.900518 
11 0.088973 91 .56367 8.436331 
12 0.090823 91.11126 8.888742 

Table 4.21. Variance Decomposition of WTIFUT with 2 lags. Ordering: WTI WTIFUT. 

Period Standard Error WTI (in %,percent) WTIFUT(in %,percent) 

1 0.035188 99.98692 0.013076 
2 0.047425 99.83273 0.167265 
3 0.056301 98.77425 1.225750 
4 0.063352 97.59271 2.407293 
5 0.069143 96.37324 3.626763 
6 0.073985 95.24479 4.755210 
7 0.078070 94.24225 5.757750 
8 0.081537 93.37376 6.626245 
9 0.084490 92.63147 7.368529 
10 0.087012 92.00179 7.998212 
11 0.089171 91.46961 8.530392 
12 0.091022 91.02047 8.979535 
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Table 4.22. Variance Decomposition of WTI with 4 lags. Ordering: WTI WTIFUT. 

Period Standard Error WTI (in %,percent) WTIFUT(in %,percent) 

1 0.034267 100.0000 0.000000 
2 0.047039 99.88704 0.112959 
3 0.054409 98.62359 1.376414 
4 0.062993 98.38053 1.619466 
5 0.069693 97.68074 2.319264 
6 0.074731 96.51948 3.480525 
7 0.079202 95.64653 4.353470 
8 0.082904 94.73943 5.260575 
9 0.085927 93.77944 6.220560 
10 0.088498 92.94536 7.054645 
11 0.090656 92.18006 7.819939 
12 0.092458 91.47101 8.528988 

Table 4.23. Variance Decomposition of WTIFUTwith 4 lags. Ordering: WTI WTIFUT. 

Period Standard Error WTI (in %,percent) WTIFUT(in %,percent) 

1 0.034319 99.98673 0.013269 
2 0.047133 99.85701 0.142985 
3 0.054523 98.55219 1.447813 
4 0.063120 98.29613 1.703875 
5 0.069838 97.58689 2.413110 
6 0.074889 96.41581 3.584192 
7 0.079368 95.53798 4.462018 
8 0.083079 94.62881 5.371195 
9 0.086108 93.66761 6.332390 
10 0.088684 92.83341 7.166592 
11 0.090847 92.06883 7.931169 
12 0.092652 91.36079 8.639207 

Table 4.24. Variance Decomposition of WTI with 6 lags. Ordering: WTI WTIFUT. 

Period Standard Error WTI (in %,percent) WTIFUT(in %,percent) 

1 0.034132 100.0000 0.000000 
2 0.047423 99.94574 0.054256 
3 0.054769 98.86352 1.136475 
4 0.063596 98.46356 1.536437 
5 0.069778 96.99302 3.006976 
6 0.074909 95.42997 4.570033 
7 0.079669 94.88723 5.112772 
8 0.083338 94.16015 5.839846 
9 0.086529 93.56645 6.433551 
10 0.089353 93.23851 6.761493 
11 0.091614 92.87375 7.126247 
12 0.093543 92.59136 7.408642 
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Table 4.25. Variance Decomposition of WTIFUTwith 6 lags. Ordering: WTI WTIFUT. 

Period Standard Error WTI (in %,percent) WTIFUT(in %,percent) 

1 0.034187 99.98669 0.013306 
2 0.047518 99.92246 0.077539 
3 0.054884 98.79834 1.201664 
4 0.063723 98.37987 1.620129 
5 0.069935 96.89230 3.107697 
6 0.075089 95.31999 4.680005 
7 0.079859 94.77656 5.223436 
8 0.083537 94.05035 5.949651 
9 0.086734 93.45802 6.541977 
10 0.089561 93.13210 6.867898 
11 0.091824 92.77004 7.229961 
12 0.093754 92.49009 7.509912 

Table 4.26. Variance Decomposition of WTI with 8 lags. Ordering: WTI WTIFUT. 

Period Standard Error WTI (in %,percent) WTIFUT(in %,percent) 

1 0.033983 100.0000 0.000000 
2 0.047392 99.95592 0.044077 
3 0.054991 98.95608 1.043918 
4 0.063501 98.47009 1.529913 
5 0.069791 97.06120 2.938800 
6 0.074958 95.72206 4.277941 
7 0.080838 95.23095 4.769055 
8 0.084581 94.36458 5.635419 
9 0.087572 93.67894 6.321061 
10 0.090495 93.40063 6.599373 
11 0.092620 93.00979 6.990206 
12 0.094411 92.80077 7.199226 

Table 4.27. Variance Decomposition of WTIFUT with 8 lags. Ordering: WTI WTIFUT. 

Period Standard Error WTI (in %,percent) WTIFUT(in %,percent) 

1 0.034040 99.98724 0.012761 
2 0.047483 99.93366 0.066336 
3 0.055103 98.89589 1.104106 
4 0.063628 98.38720 1.612804 
5 0.069953 96.95537 3.044634 
6 0.075143 95.60025 4.399751 
7 0.081033 95.11236 4.887637 
8 0.084781 94.25160 5.748400 
9 0.087777 93.56439 6.435610 
10 0.090704 93.28911 6.710894 
11 0.092832 92.90191 7.098093 
12 0.094622 92.69538 7.304617 
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Table 4.28. Variance Decomposition of WTIFUT with 2 lags. Ordering: WTIFUT WTI. 

Period Standard Error WTIFUT (in %,percent) WTI(in %,percent) 

1 0.035188 100.0000 0.000000 
2 0.047425 99.89533 0.104673 
3 0.056301 98.94233 1.057666 
4 0.063352 97.84448 2.155516 
5 0.069143 96.69306 3.306937 
6 0.073985 95.61876 4.381235 
7 0.078070 94.65945 5.340555 
8 0.081537 93.82561 6.174394 
9 0.084490 93.11129 6.888709 
10 0.087012 92.50434 7.495662 
11 0.089171 91.99075 8.009248 
12 0.091022 91.55692 8.443081 

Table 4.29. Variance Decomposition of WTI with 2 lags. Ordering: WTIFUT WTI. 

Period Standard Error WTIFUT (in %,percent) WTI(in %,percent) 

1 0.035134 99.98692 0.013076 
2 0.047329 99.91185 0.088145 
3 0.056175 99.00596 0.994038 
4 0.063203 97.93007 2.069931 
5 0.068980 96.78868 3.211320 
6 0.073810 95.71720 4.282800 
7 0.077888 94.75704 5.242959 
8 0.081349 93.92063 6.079374 
9 0.084298 93.20306 6.796935 
10 0.086817 92.59275 7.407249 
11 0.088973 92.07597 7.924032 
12 0.090823 91.63922 8.360778 

Table 4.30. Variance Decomposition of WTIFUT with 4 lags. Ordering: WTIFUT WTI. 

Period Standard Error WTIFUT (in %,percent) WTI(in %,percent) 

1 0.034319 100.0000 0.000000 
2 0.047133 99.91599 0.084012 
3 0.054523 98.72376 1.276245 
4 0.063120 98.51146 1.488540 
5 0.069838 97.85744 2.142560 
6 0.074889 96.74518 3.254822 
7 0.079368 95.91098 4.089017 
8 0.083079 95.04000 4.959996 
9 0.086108 94.11263 5.887365 
10 0.088684 93.30614 6.693859 
11 0.090847 92.56489 7.435114 
12 0.092652 91 .87659 8.123409 

92 



Table 4.31. Variance Decomposition of WTI with 4 lags. Ordering: WTIFUT WTI. 

Period Standard Error WTIFUT (in %,percent) WTI(in %,percent) 

1 0.034267 99.98673 0.013269 
2 0.047039 99.92678 0.073220 
3 0.054409 98.77846 1.221537 
4 0.062993 98.58119 1.418814 
5 0.069693 97.93815 2.061848 
6 0.074731 96.83679 3.163215 
7 0.079202 96.00834 3.991661 
8 0.082904 95.14014 4.859861 
9 0.085927 94.21454 5.785457 
10 0.088498 93.40863 6.591374 
11 0.090656 92.66703 7.332967 
12 0.092458 91.97804 8.021961 

Table 4.32. Variance Decomposition of WTIFUT with 6 lags. Ordering: WTIFUT WTI. 

Period Standard Error WTIFUT (in %,percent) WTI(in %,percent) 

1 0.034187 100.0000 0.000000 
2 0.047518 99.96550 0.034496 
3 0.054884 98.94816 1.051835 
4 0.063723 98.58641 1.413585 
5 0.069935 97.18145 2.818549 
6 0.075089 95.67867 4.321326 
7 0.079859 95.17033 4.829674 
8 0.083537 94.47759 5.522414 
9 0.086734 93.91181 6.088191 
10 0.089561 93.60328 6.396720 
11 0.091824 93.25714 6.742862 
12 0.093754 92.98966 7.010336 

Table 4.33. Variance Decomposition of WTI with 6 lags. Ordering: WTIFUT WTI. 

Period Standard Error WTIFUT (in %,percent) WTI(in %,percent) 

1 0.034132 99.98669 0.013306 
2 0.047423 99.96974 0.030264 
3 0.054769 98.99661 1.003394 
4 0.063596 98.65534 1.344664 
5 0.069778 97.26886 2.731137 
6 0.074909 95.77652 4.223484 
7 0.079669 95.26983 4.730167 
8 0.083338 94.57698 5.423021 
9 0.086529 94.01042 5.989576 
10 0.089353 93.70036 6.299637 
11 0.091614 93.35193 6.648065 
12 0.093543 93.08235 6.917652 
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Table 4.34. Variance Decomposition of WTIFUT with 8 lags. Ordering: WTIFUT WTI. 

Period Standard Error WTIFUT (in %,percent) WTI(in %,percent) 

1 0.034040 100.0000 0.000000 
2 0.047483 99.97252 0.027479 
3 0.055103 99.03703 0.962974 
4 0.063628 98.58854 1.411464 
5 0.069953 97.23671 2.763294 
6 0.075143 95.94481 4.055187 
7 0.081033 95.49244 4 .507564 
8 0.084781 94.66748 5.332521 
9 0.087777 94.00734 5.992660 
10 0.090704 93.74777 6.252233 
11 0.092832 93.37619 6 .623809 
12 0.094622 93.17964 6.820359 

Table 4.35. Variance Decomposition of WTI with 8 lags. Ordering: WTIFUT WTI. 

Period Standard Error WTIFUT (in %,percent) WTI(in %,percent) 

1 0.033983 99.98724 0.012761 
2 0.047392 99.97622 0.023783 
3 0.054991 99.08107 0.918927 
4 0.063501 98.65700 1.343005 
5 0.069791 97.32934 2.670662 
6 0.074958 96.05438 3.945624 
7 0.080838 95.60000 4.399997 
8 0.084581 94.77031 5.229688 
9 0.087572 94.11223 5.887766 
10 0.090495 93.85013 6.149869 
11 0.092620 93.47531 6.524687 
12 0.094411 93.27657 6.723433 

4.6. Conclusion. 

In conclusion we would like to underline the importance of the studying the relationship 

between spot and futures prices due to similarity of futures price formation to other financial 

derivatives used by the natural gas users producer and intermediaries, including trading 

companies for hedging their activities. The Johansen cointegration model shows that there is 

evidence of efficiency of the futures market. In that it is reliable predictor of the futures spot 

price for both natural gas and crude oil markets. 
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We also present two other econometric tools, including the impulse response and the 

variance decomposition. We find these two models are not robust to slight variations in 

structural forms of the model. We argue that the best results with these models could 

probably be achieved ifwe were to use data with daily instead of monthly frequency. 

With the impulse response analysis, we find that the convergence to the equilibrium after 

a shock ( or innovation) was applied to one of the spot or futures price series occurs 

slowly over time. The results of variance decomposition also show the long- lasting effect 

of the change in variance. 
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Chapter 5. The Log Skew Normal and the Log Skew t Probability 

Distributions for Natural Gas Prices 

5.1. Introduction 

The academic literature represents the features of data as adequately as possible while 

reducing unrealistic assumptions. One of the most important assumptions often made is that 

of the normal ( or standard Gaussian) probability distribution of economic and financial data 

series as per the Central Limit Theorem. 32 Commodities prices and returns on stocks are often 

assumed to be normality distributed for the purposes of forecasting and modeling their 

behavior. In practice, financial series are found to often exhibit leptokurtosis, meaning that 

the distribution of their returns is fat-tailed compared to the standard Gaussian distribution. 33 

There are many other distributions currently applied in practice and academic literature: X2 

distribution, the t - distribution, the F - distribution to name just a few. In the present chapter 

we explore a source for a potential forecast improvement: the use of fat-tailed and skewed 

distributions. We show whether the crude oil and natural gas price series fit into the log-skew-

normal and also log-skew-t probability distributions as alternatives to the normal distribution 

testing for which we attempted earlier in Chapter 3. 

32 The Central Limit Theorem explains why many distributions tend to be close to the normal distribution. The key 
ingredient is that the random variable being observed should be the sum or mean of many independent identically 
distributed random variables. 
33 See Peters J. (2001 ). 
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The chapter is organized as follows. In section 2 we briefly discuss log-skew-normal and log-

skew-t distributions, following closely Azzalini A. and Kotz S. (2002). Section 3 illustrates 

empirical results of testing the crude oil and natural gas prices series to fit the probability 

distributions under the consideration. Section 4 summarizes the chapter. 

5.2. Probability distributions under consideration 

Following Azzalini A. and Kotz S. (2002) we assume that a continuous variable Z has a 

standard skew-normal distribution SN (0,1,a) with the density function of form 

2cp(z) <D(a z), z ER, ( 5.1) 

where cp and <D are the N(0, 1) density and distribution functions, respectively. The shape 

parameter a, taking values in (-00, 00 ), controls the skewness of the distribution; the choice of 

a=0 results in the N(0,1) distribution. 

In the empirical application, we consider the transformed variable Y = & +wZ, where & is a 

location parameter and w a (positive) scale parameter, and we shall refer to Y as having the 

SN (0 w2,a) distribution. The first three moments of Y based on the assumption of the skew 

normal distribution are: 

E{Y} = & + mJ2! m5, 

var{Y} = w 2 (1- 2<5 2 
/ Jr), 
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(5.3) 



( 4- 1r)(2 I 1r)312 6 3 

Y1 = 2(1- 262 I 1r)312 (5.4) 

where b = a I + a 2 and y1represents the index of skewness, namely the third central 

moment divided by var{Y}312. 

The skew - tis obtained from the skew-normal distribution in a similar way as the connection 

between usual normal and t - distributions34
. To demonstrate this idea in empirical application 

we consider the transformed variable Z = Z I .JV Iv , where V is distributed independent of Z. 

Same as in case with the skew normal distribution we also consider the transformed 

variable .Y = & + w.Z, which is now identified by four parameters: E, w, a, v. v controls the 

kurtosis. In the context of the commodities prices these distributions are fitted using their log-

transformed versions. 35 

5.3. Empirical results and conclusion 

We examine the natural gas and crude oil price series fitting process based on the log skew 

normal and log skew t distributions. Parameter estimation has been carried out using 

maximum likelihood estimation is 0 =(E, w, a) or 0 =(E, w, a, v) depending on the selected 

distribution. 

34 See Hill C. et al. (1997), p. 35. 
35 "Equivalently, we say that a log-skew-normal.. or log skew-t.. distributions, respectively, is fitted to the data in the 
way which connects the normal and log normal distributions." Azzalini A. and Kotz S. (2002) 
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The crude oil pnce does not converge following the proposed maximum likelihood 

estimation. The actual estimated parameters for the natural gas series are c=0.185 (0.027), w= 

0.051, a= 2.555 (0.590), v=14.979 (20.919). 36 Figure 5.1 shows a histogram of the logarithm 

of the natural gas prices series. From visual inspection of the distribution we can notice a 

rather positive skewness of the distribution, which is confirmed by the values of estimated a 

divided by its standard error, which is 2.555/0.590=4.33 l. There is also an indication of heavy 

tails of the distribution since the tail weight parameter vis 14.979, which is a rather high value 

in comparison with the kurtosis of the standard normal distribution. Figures 5 .2 and Figure 

5.3 show the associated plots for the skew normal and the skew t distribution. These plots 

indicate a satisfactory fit for the natural gas price probability distribution provided by the 

skew t, markedly superior to the normal one. 

Our next step is to consider a linear regression we already discussed in the Chapter 4 testing 

for the effectiveness of the futures and spot markets: 

The estimated /Jo = -0.012 (0.008), /J1= 1.008 (0.013). The rest of the estimated parameters 

take the following values w= 0.000, a= 0.016(0.309), v=2.055 (0.488). Therefore, we report 

the standardized value of the skewness parameter to be 0.016/0.309 =0.051. Also we notice 

that the skewness parameter indicates that the distribution is quite symmetrical, but the 

estimated degree of freedom shows that tail is still heavy compared to a normal distribution. 

36 Standard errors are reported in parenthesis where relevant. 
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Figure 5 .4 shows a histogram of the distribution of the residuals from the above regression. 

Also from Figures 5.5 and 5.6 we can conclude that the skew t distribution provides a 

satisfactory fit for the natural gas price residuals probability distribution while the normal 

distribution fit shows obvious inadequacy. 

Figure 5.1. The Fitted Distribution for the Logarithm of the Natural Gas Price. 
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Figure 5.2. The Quantile Plots for the Logarithm of the Natural Gas Price fitted into 

Log Skew Normal and the Log Skew t Probability Distributions.* 
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* Mahalanobis distance. One can think of the independent variables (in a regression equation) as defining a 
multidimensional space in which each observation can be plotted. Also, one can plot a point representing 
the means for all independent variables. This "mean point" in the multidimensional space is also called the 
centroid. The Mahalanobis distance is the distance of a case from the centroid in the multidimensional 
space, defined by the correlated independent variables (if the independent variables are uncorrelated, it is 
the same as the simple Euclidean distance). Thus, this measure provides an indication of whether or not an 
observation is an outlier with respect to the independent variable values. (source: 
www.statsoftinc.com/ glosfra.html) 
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Figure 5.3. The Percentile Plots for the Logarithm of the Natural Gas Price fitted into 

Log Skew Normal and the Log Skew t Probability Distributions. 
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Figure 5.4. The Fitted Distribution for the Residual from the Regression of the 

Logarithms of the Natural Gas Prices on the Futures Prices. 
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Figure 5.5. The Quantile Plots for the Residual from the Regression from the 

Logarithms of the Natural Gas Prices on the Futures Prices fitted into Log Skew Normal 

and the Log Skew t Probability Distributions.37 
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37 See reference on Mahalanobis distances to the Figure 5.2. 
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Figure 5.6. The Percentile Plots for the Residual from the Regression of the Logarithms 

of the Natural Gas Prices on the Futures Prices fitted into Log Skew Normal and the 

Log Skew t Probability Distributions. 
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Chapter 6. The cyclical behavior of the natural gas and crude oil prices 

6.1. Introduction 

In this chapter, to capture the behavior of natural gas prices in aggregate economic activity, 

we compare comovements of the Henry Hub spot natural gas prices with the US Industrial 

Production and Consumer Price Indexes, which conventionally serve as comprehensive and 

reliable indicators of business cycles. We also perform a comparative analysis of the West 

Texas Intermediate (WTI) spot crude oil prices behavior in connection with facts we learn 

about shifts in natural gas prices. 

This chapter is organized as follows. In section 2 we briefly discuss stylized facts of business 

cycle theory and the Hodrick - Prescott (HP) filtering procedure for decomposing time-series 

into long run and business cycle components. Section 3 discusses the data and presents results 

of empirical correlations between energy prices and the macroeconomic indicators under 

consideration. Section 4 summarizes the chapter. 
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6.2. Theoretical Framework and Methodology 

6.2.1. The View of a Business Cycle 

Business cycles are regular patterns of fluctuation of macroeconomic variables, such as 

output, consumption, investment, employment, prices and interest rates. Business cycle theory 

allows conversion of complex economic dynamics into easily tractable fluctuations of key 

macroeconomic variables. Also, a rough calculation of the magnitude of those fluctuations 

can be used as a tool for making future predictions regarding movements in macroeconomic 

and financial variables. In our analysis we will use a general definition of business cycles, 

where cycles are regarded as fluctuations around some trend ( or measured in deviations from 

the trend). This definition is often more handy to use than the classical definition of business 

cycles defined in growth rates. 38 

The use of deviation cycles involves the calculation of a trend and its separation from an 

observed series. To this purpose we assume that a series consists of two unobserved 

components: a trend, and a cycle. 39 The trend component represents the long-run movement 

in the series; the cycle is represented by the cyclical component arising from business cycle 

fluctuations. 

6.2.2. The Hodrick-Prescott (HP) filter 

The Hodrick-Prescott filter is a popular tool among business cycle economists. It has the 

advantage of not relying on prior information about business cycle peaks and troughs, and so 

38 See Jacobs et al. ( 1997) for more discussion on business cycle issues. 
39 See Jacobs et al. (1997). 

107 



it is often referred as a mechanical filtering technique. Our further description of the HP filter 

follows the exposition in Canova (1998) and Bonekamp et al. (2000). 

Assume a time series y,, such that 

(6.1) 

where Yt is expressed in the natural logarithm form, ft is the trend (or growth component) of 

the time series, and Ct is the cyclical component. 

The essence of the HP-filter can be reduced to the following minimization of the cyclical 

component problem: 

T T 

Le! +;,L[(tt+i -tt)-(tt -tt-1)]2, (6.2) 
t=I t=I 

where ;, is the variance between the trend component ft and the cyclical component Ct . For 

monthly data the customary value of;, is 14400.40 Notice that c, = y, - t, is the HP-filtered 

series, and;," ... determines the penalty for adjusting the trend, in other words A controls the 

smoothness of the trend. When ,-1,=0, there is no penalty for adjusting the trend, so Yt= ft. If A 

goes to infinity, the penalty becomes maximal and ft approaches a linear trend ... " (Bonekamp 

et al. (2000) p.13-14) 

The HP-filter has advantages and disadvantages compared to other filtering methods. 

According to Bonekamp et al. (2000) p.14 " .. the HP-filter does not require a trend process 
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that is stable over time like linear filtering. However, this advantage becomes of less 

importance when parameter /4 becomes higher; as already stated, the trend component 

approaches a linear trend for higher values of J." Also, Guay and St-Amant (1996) noticed in 

their study several problems that cannot be justified on the basis of optimal filtering 

arguments, because of likely problems with the following associated assumptions41 (below we 

include a list with the results obtained by Guay and St-Amant (1996) p.6, with changes in 

some notations and interpretations to be consistent with our analysis): 

l. The growth ft and the cyclical Ct components of a time series are not correlated, and are 

assumed to be generated by distinct economic forces. 

2. The process Yt is integrated of order two. This is often incompatible with priors on 

macroeconomic time series. 

3. The cyclical component Ct is white noise. This is also questionable. For example, it is 

unlikely that the stationary component of output is strictly white noise. 

4. The parameter controlling the smoothness of the trend component /4 is appropriate. It 

appears difficult to justify the precision of this parameter. 

Moreover, it was noticed in numerous studies that the HP filter has an end-point problem. 

According to Bonekamp et al. (2000), p.14 " If the series begins and ends at different phases 

of the cycle, the trend can be pulled upwards or downwards for the first and last few 

observations (Giorno et al. 1995). Apart from that there is a phase shift near the end-points 

(Baxter and King 1999)." 

40 See Cuay and St-Amant (1996) for a discussion of characteristics of A. 
41 See Guay and St-Amant (1996) for a more detailed analysis of the HP-filtering procedure. 
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Despite these shortcomings, and as we can claim with reference to Singleton (1988) and Cuay 

and St-Am.ant (1996), the HP filter is still a good approximation of an ideal business cycle 

filter in studying stationary series. 

6.2.3.The correlation coefficients 

Having obtained the cyclical components using the HP filter, we can further investigate the 

cyclical properties of natural gas and crude oil prices by measuring the degree of leading or 

lagging comovements of the cyclical component of each of these series, denoted by Ct, with 

the cyclical component of the US output, represented by industrial production index (IPI), and 

the US consumer price index (CPI), which we denote as Xt throughout the chapter. 

Before we proceed, we make the following assumptions and clarify some definitions we 

operate in further analysis: 

1. We will report the degree of comovements of our studied senes with the chosen 

macroeconomic indicators by the magnitude of correlation coefficients p(ct, xt+}), for }E 

{0,±1, ±2, .. }. The absolute maximum value of a coefficient p(ct, Xt+J) for a positive j will 

indicate that the series Ct has leading properties with respect to the corresponding series Xt. 

Similarly, the absolute maximum value of a coefficient p(ct, Xt+J) for a negative j ( or j=O) will 

indicate that the series Ct has lagging ( or synchronous) properties in relation to the series Xt. 
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2. For data sample of our size we follow a suggestion42 that for 0.5 p(ct, Xt+J) < l, 0.2~ p(ct, 

Xt+) <0.5, 0~ p(ct, Xt+)<0.2 for }E (0, ±1, ±2 ... ) we consider the correlation coefficients to 

express strong, weak, or no correlation between the series respectively. 

For the rest of this chapter we will follow methodology description presented 

by Serletis and Kemp (1998) and extend our analysis of the correlation coefficients p(ct, Xt+) 

for j =(-6, .. +6). In other words, starting from lags up to 6 months (negative /s) we proceed 

with the correlation analysis for each of the energy series to leads up to 6 months (positive 

/s), including an initial point of j=O for a contemporaneous correlation for a period of lag 

zero. 

6.3. Data and results 

We study 144 monthly average observations on the US spot prices for natural gas and crude 

oil, expressed in natural logarithms, for the period 1991:01-2002:12 (see Figures 6.1, 6.3, 6.5, 

6. 7, which present logarithms of the series of IPI, CPI, crude oil and natural gas prices 

respectively and the HP trend for each of the series). This period is the most meaningful and 

important to consider since it coincides with the completion of Wellhead deregulation, and, 

obviously, during this period, as never before, we could expect to see clear market responses 

in the shifts of oil and gas prices. 

42 See Serletis and Kemp (1 998). 
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Figure 6.1. Industrial Production Index and Hodrick-Prescott Trend. 
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Figure 6.2. The cyclical component of Industrial Production Index. 
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Figure 6.3. Consumer Price Index and Hodrick-Prescott Trend. 
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Figure 6.4. The cyclical component of Consumer Price Index. 
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Figure 6.5. The Crude Oil series and Hodrick-Prescott Trend. 
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Figure 6.6. The cyclical component of the Crude Oil. 
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Figure 6. 7. The Natural Gas series and Hodrick-Prescott Trend. 
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Figure 6.8. The cyclical component of the Natural Gas. 
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Table 6.1 and Table 6.2 report the correlation coefficients p(ct, Xt+) forje(-6, .. 6) between the 

cyclical components of oil and gas prices respectively with the cyclical components of US 

industrial production and consumer prices (see Figures 6.2, 6.4, 6.6, 6.8, which present the 

cyclical components of IPI, CPI, crude oil and natural gas prices respectively). A number 

close to 1 in absolute value in the j=0 column indicates strong correlation if compared to CPI 

( or strong cyclical properties if compared to IPI). 

The results presented in Table 6.1 are for the natural gas price series, which we interpret in the 

following way: 

1. The correlation coefficient for natural gas prices p(ct, Xi+ 1) = 0.3 l for j=0, with xi being the 

cyclical component of consumer prices, suggests that natural gas prices are weakly correlated 

with CPI. We notice that the maximum value of correlation of the cyclical component of gas 

prices with that of consumer prices occurs atj=-3. Thus, we conclude that natural gas prices 

are likely to have lagging properties with respect to inflation. 

2. The correlation coefficient for natural gas prices p(ci, Xt+) = 0.54 > 0.5 for j=0, with Xt 

being the cyclical component of the US industrial production. The absolute value of . 

correlation of the cyclical component of gas prices with that of IPI reaches its absolute 

maximum at j=2. Having obtained these results, we argue the behavior of natural gas prices 

to be procyclical, and that natural gas prices are to have leading properties with respect to the 

cycle. 

3. The value of correlation for natural gas prices with Xt being the crude oil prices series 

reaches its maximum at j=-1 (lags). Thus, in connection with this, we report obvious lagging 
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properties of natural gas prices with respect to crude oil prices. Since p(ct, Xt+J)= 0.50 is the 

value of the correlation coefficient in period zero (j=0), the natural gas and crude oil prices 

series are strongly correlated. 

The results presented in Table 6.2 we interpret in the following way: 

1. The correlation coefficient for crude oil prices is p(ct, Xt+) = 0.47 forj=0, with Xt being the 

cyclical component of CPL According to our notation, we say that these two series are weakly 

correlated. We also report that the maximum value of correlation for these series occurs at 

j=0, and so we conclude that spot-month crude oil prices have synchronous properties with 

respect to the US CPL 

2. The correlation coefficient for crude oil prices is p(ct, xt+) = 0.64 for j=0, with Xt being the 

cyclical component of the US industrial production. We notice that the maximum value of 

correlation for these series occurs at )=3. Following our logic, we say that shifts in crude oil 

prices lead shifts i11 industrial production. We conclude, that with respect to industrial 

production as an indicator of the US business cycles, crude oil prices are strongly procyclical:J. 

and, unlike in the case with CPI, have leading properties with respect to IPL 
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Table 6.1. HP cyclical correlations of spot-month natural gas price with US output and prices and the crude oil price. 

p (Ct, Xt+j),j=±l, ±2, ±3, ±4, ±5, ±6 

j = -6 j= -5 j= -4 j= -3 j= -2 j= -1 j=O j=l 

Industrial production index 0.11 

Consumer price index 0.31 

Crude oil 0.38 

0.13 

0.34 

0.38 

0.17 

0.37 

0.41 

0.26 

0.39 

0.47 

Note: Results are reported for the period of 1991 :01-2002:12 

0.34 

0.38 

0.50 

0.44 

0.36 

0.52 

0.54 

0.31 

0.50 

0.63 

0.23 

0.45 

j=2 

0.64 

0.17 

0.38 

}=3 }=4 

0.63 

0.11 

0.29 

0.17 

0.04 

0.22 

}=5 

0.58 

-0.07 

0.1 7 

j=6 

0.50 

-0.14 

0.06 



Table 6.2. HP cyclical correlations of spot-month crude oil price with US output and prices. 

p (Ct, Xt+j),j=±l, ±2, ±3, ±4, ±5, ±6 

j = -6 j= -5 j= -4 j= -3 j= -2 j= -1 j=O j=l j=2 j=3 j=4 j=5 j=6 

Idustrial production index -0.05 0.05 0.15 0.27 0.38 0.49 0.64 0.72 0.73 0.74 0.73 0.70 0.70 

Consumer price index 0.16 0.22 . 0.29 0.34 0.41 0.46 0.47 0.46 0.41 0.37 0.31 0.25 0.19 

Note: Results are reported for the period of 1991 :01-2002: 12 



6.4. Conclusion 

In conclusion we underline the general procedure and the main results that we have found. In 

our study we operate the definition of a business cycle as deviations from a trend. The 

Industrial Production Index was chosen to represent the cyclical behavior of the US economy. 

We apply the mechanical HP filtering procedure to separate cyclical components of time-

series of interest from their trends and to further study the relation between the cyclical 

components of the series by looking at their correlations. The results were reported for the 

period 1991:01-2002:12. 

We found both natural gas prices and crude oil prices to be weakly correlated with US 

inflation. We also found both natural gas prices and crude oil prices to be procyclical. We 

noticed lagging properties of the natural gas price series with respect to CPI. As well we 

noticed that the crude oil prices series has synchronous properties with respect to CPL With 

respect to US industrial output, we reported natural gas prices and crude oil prices to have 

leading properties. In addition, we noticed the strong correlation between the crude oil and 

natural gas prices cyclical components, and reported lagging properties of natural gas prices 

with respect to crude oil prices. 
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Chapter 7. Conclusion 

The purpose of the thesis is to explore patterns in natural gas and oil price formation. The 

thesis consists of five essays devoted to natural gas and oil markets and prices behavior. 

The natural gas price series often possesses different statistical properties from the crude 

oil price series. This difference can be referred to the fact that the crude oil is the world 

commodity market and its price is affected by OPEC, while natural gas market is rather 

responsive to North American specific market conditions. 

The second chapter reviews the evolution of petroleum markets over the last 50 years and 

provides fundamental background for the majority of the topics discussed in the thesis. It 

demonstrates the change of the markets toward being fully integrated, competitive, 

transparent and uniform. If prices were set by regulatory authorities and were changing 

according to certain formulae, it would be pointless to study statistical properties of the 

data (as we do in the third chapter) such as integration and probability distribution, which 

are widely used by researchers for modeling purposes. With the increase in the business 

activity due to deregulation there was an urgency to accommodate needs of numerous 

new participants entering the commodity markets. This was done through the creation 

and extended use of financial instruments, such as futures/forward contracts, swaps, etc .. 

Thus, searching for efficiency between spot and futures price discussed in the fourth 

chapter is also only possible in deregulated commodity markets. 
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The third chapter focuses on the technical description of the commodity contracts and 

provides a description of the general statistical characteristics of the price data. We work 

with the WTI crude oil price; Henry Hub natural gas price and the NYMEX traded 

futures contracts for both commodities. We find both oil and gas series to be integrated of 

order one meaning that the change in the commodity price from period to period is a 

stationary process and has a constant mean and variance, which is important for modeling 

the data. We also .fit the series into the normal probability distribution, and conclude that 

the normal distribution does not provide a good fit for the natural gas series in levels and 

in differences, while we find that the normal distribution seems to be a good fit for the 

crude oil series in levels. 

In the fourth chapter we discuss the methodology of hedging strategies and look at the 

spot and futures prices in combination to analyze the efficiency of the historical price 

formation. We find the spot and futures price series to be cointegrated according to the 

Johansen cointegration tests. Estimation of cointegration properties leads us to the 

conclusion that the cointegrated spot and futures prices series in long run are not likely to 

drift consistently above or below one another, and changes in prices generally occur in 

umson. 

As we proceed in analyzing the strength of the spot and futures price dependencies in the 

fourth chapter, we also present two other econometric tools, including the impulse 

response and the variance decomposition. We find these two models are not robust to 

slight variations in structural forms of the model. We argue that the best results with 
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these models could probably be achieved if we were to use data with daily instead of 

monthly frequency. With the impulse response analysis, we find that the convergence to 

the equilibrium after a shock ( or innovation) was applied to one of the spot or futures 

price series occurs slowly over time. The results of variance decomposition also show the 

long- lasting effect of the change in variance. 

In the fifth chapter we further elaborate on finding a probability distribution to achieve 

the best fit. We fit both oil and gas price series into log skew normal and log skew t 

probability distributions. We state that the crude oil price does not converge following the 

proposed maximum likelihood estimation, while the log skew t probability distribution 

provides a good fit for the natural gas price and also for a conditional distribution of the 

residuals from the cointegrating regression of spot on futures prices. 

The sixth chapter is a macroeconomic essay on commodity prices being a part of the 

global economy. We find correlations between the commodity prices and US output and 

consumer prices to elaborate on the cyclical properties of the commodity prices. The 

correlation coefficients show that both natural gas prices and crude oil prices are weakly 

correlated with the US inflation and are procyclical. In addition, we notice the strong 

correlation between the crude oil and natural gas price cyclical components and report 

lagging properties of natural gas price with respect to the crude oil price. 

In conclusion, we also say that the integration of the oil markets lead to tremendous 

opportunities in terms of developing new financial instruments to eliminate risks for the 
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interested parties. As such, the present thesis touches just a few of the issues that can 

contribute to the research in this area, since knowing the basic statistical properties and 

the general behavioral pattern of the series is the first important step for further price 

modeling and forecasting. 
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