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Abstract 

 

 

The purpose of this study is to test the hypothesis of the existence of a world market for 
the international coal industry, and to investigate whether or not the industry has 
experienced increased market integration over time. The study consists of an introductory 
part and two self-contained papers where two different methods for market delineation 
are applied, evaluated and compared. Paper [1] uses a cointegration approach to analyze 
market integration for internationally traded coal, and investigate whether the industry 
has experienced increased market integration over time. Both the coking coal and the 
steam coal market show evidence of global market integration, as demonstrated by the 
presence of a stable long run cointegrating relationship. This supports the hypothesis of a 
globally integrated market. The long run price correlation is higher for steam coal than 
for coking coal, but the short run error correction estimates indicate a faster adjustment 
towards the long run equilibrium level for coking coal than for steam coal. Thus, the 
overall conclusion on which of the two markets that is more integrated than the other is 
indecisive. When analyzing market integration over time it is not possible to confirm 
cointegration in the 1990s for steam coal, and thus the conclusion of a single economic 
market cannot be maintained. Regarding coking coal, there are tendencies of increased 
integration given the faster adjustment to the long run equilibrium level in the 1990s. 
Paper [2] aims at delineating the relevant economic market for steam coal and coking 
coal by using shipments data (the so-called Elzinga-Hogarty method), and to test the 
hypothesis of a single world market for coal. Regarding coking coal the results indicate 
that the market is essentially global in scope, and also that the market has become more 
integrated over time. The results for steam coal show that these markets are more 
regional in scope, and there exist no clear tendencies of increased integration over time. 
In order to scrutinize the Elzinga-Hogarty method in more detail, some of the criticism 
towards the method is addressed empirically. The overall conclusion is that the method is 
not well equipped to detect potential market participation or potential anticompetitive 
behavior within a defined area (especially when there are large differences in the size of 
the market participants). Still, the Elzinga-Hogarty method is useful as a first step in 
market delineation analysis as it contributes to a good understanding of the prevailing 
product flow patterns. The main conclusion of the study is that the market for 
internationally trade coal is integrated globally. However, the levels of market integration 
as well as the development over time differ between the steam coal and the coking coal 
markets. The results point towards a more integrated market for coking coal than for 
steam coal. However, this finding does not have to imply that competition in the steam 
coal market is restrained. The methods applied in this study are useful for delineating 
economic markets, but in order to detect anticompetitive behaviour complementary 
information providing a more detailed analysis of the specific industry is needed.  
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Preface 

 

 

1. Introduction 

The coal market is by many considered to be a declining, subsidized, and dirty-fueled 

industry, closely connected to the era around the industrial revolution. In times when the 

communication and information technology sectors set the agendas for research topics of 

interest, a focus on the international coal market is almost considered controversial. 

However, coal represents a major energy source in a world where electricity consumption 

is increasing at a rapid pace. During the last decade electricity demand in developing 

Asia increased more than 75 percent, in North America the increase was almost 30 

percent, and in Europe the growth was about 20 percent (Keay, 2003). This development 

does not show signs of deceleration. Coal’s share in generating electricity globally is 

about 34 percent (2000), a number which has been relatively constant during the last 

decade (IEA, 2001).  

 

The international coal industry has been characterized by fundamental changes since the 

1970s. The coal market was at that time not an international industry, given that it was 

dominated by isolated national producers, producing almost exclusively for national 

usage. Trade between different world regions was not well established. The oil crises in 

1973 and 1979 forced a revision of this setting, and initiated the rapid development of the 

international coal market to its appearance today. Transportation costs for shipments have 

experienced a downward trend during the last decades, something which have contributed 

to the increase in traded coal (Lundgren, 1996). Since 1970 world coal demand has 

increased by more than 60 percent, which is even faster than the increase of world 

demand for oil. The most significant increase regarding the coal industry has though been 

on the world market of traded coal, which increased by over 230 percent during the same 

time period (Keay, 2003). This development has during recent years led many analysts to 

consider the international coal market as an essentially unified global market (e.g., 

Ellerman, 1995; Humphreys and Welham, 2000).  
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The overall purpose of this thesis is to test the hypothesis of the existence of a world 

market for the international coal industry, and to investigate whether or not the industry 

has experienced increased market integration over time. This will be conducted by using 

two different methods for market delineation. The first method is based on price series 

data where a long run cointegrating relationship, which implies that two cointegrated 

price series will not drift apart without limit, indicates that the regions belong to the same 

market. The presence of a single economic market1 is accentuated by an analysis of the 

short run price movements and the adjustment process towards the long run equilibrium. 

The second method is based on shipments data, and it builds on the notion that regions 

that trade significantly with each other belong to the same economic market. The 

underlying assumption is that the product flows (in quantities) will capture all of the 

fundamental demand and supply shifts that affect prices. By using two different 

methodological traditions an evaluation and comparison of these methods will also be 

made. 

 

There are a number of motivations for the chosen research topic. First, during the last 

decade the coal market has been characterized by a wave of mergers and acquisitions. 

This development has increased the consolidation of the market, since multinational 

corporations specializing in mining have replaced many of the local coal producers 

(Regibeau, 2000). Examples of the specialist international mining companies that today 

are dominant in the coal market include Rio Tinto, Peabody, BHP Billiton, and Sasol 

Mining (IEA, 2001). A study made by WEFA concludes that, due to the consolidation of 

coal producers, a likely scenario in 2005 is that more than 45 percent of internationally 

traded seaborne steam coal will be in the hands of only five multinational producers 

(WEFA, 2001). The fear of these companies exercising market power, and driving prices 

higher, motivates an empirical analysis of market integration in the industry. Market 

integration tests are important for merger analysis, since the impact of a company 

increasing its market share is more profound in a regional market than in a world market.  

 

                                                 
1 An explanation of the terms ‘economic market’ and ‘antitrust market’ are presented in section 2. 



   ix 

Second, previous research on market integration in the international coal industry has not 

emphasized the distinction between the different markets (end uses) for internationally 

traded coal products. The international coal market can be separated into the markets for 

coking coal and steam coal. Coking coal is primarily used as an input for the production 

of coke in the iron and steel industries, while steam coal is mainly used as an input in the 

power sector to produce electricity and heat. The use of steam coal in the electricity 

generating industry has developed rapidly during the last decades, while the use of coking 

coal as a chemical reductant in the steel making process has declined in the Western 

hemisphere due to the advent of new technologies for the production of steel. The 

different uses and developments for steam coal and coking coal provide reasons to 

believe that the level of global integration is not equal for these markets. Given the 

situation of a more developed market for steam coal, most analysts have focused their 

research efforts on this market, even though world demand for coking coal is still 

increasing (IEA, 2001). Separate empirical studies of market integration for these 

markets are therefore motivated.  

 

A third reason for this study is given by the relevance of geographic markets for a 

product such as coal. Coal is by nature a bulky product, and areas of production and 

consumption are separated. This implies that transportation costs tend to be important for 

both supply and demand decisions. One can thus argue that coal, both steam and coke, 

cannot be a perfectly integrated market, if for no other reason because of relatively high 

transportation costs.  

 

A fourth motivation of the chosen topic is of a more methodological nature and concerns 

antitrust policy implementation. If the international market for traded coal, or any market 

under investigation, can be considered an integrated world market, this has implications 

for the antitrust policy. Methods for defining markets on an international, or even global, 

level are not commonly used in antitrust cases. Traditionally, antitrust analysis has 

focused on delineating markets on a local, regional, or perhaps national level. However, 

this has become a problem since producers, or corporate managers, increasingly see their 

companies as competing in a world market, and take decisions accordingly. The 
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increased integration of many markets emphasizes the need to analyze and investigate the 

process of market delineation for international industries. This is also important given 

that the European Competition Commission has blocked an exceptionally large number 

of mergers in the last five years. One reason for this is that the Commission has often 

defined the relevant market area rather narrowly, e.g., local or regional markets 

(Grosskopf and Lachma, 2001). Given the focus in this thesis on two distinctly different 

market delineation methods, we will also be able to compare the usefulness as well as the 

limits of these approaches in the empirical context of the international coal market. 

 

2. Methodological Issues: Antitrust Markets and Economic Markets 

The inherent problem when defining a relevant antitrust market is that the analyst has to 

predict the future, i.e., what effect a structural change, e.g., a merger, will have on the 

overall market performance. The definition of a relevant antitrust market that is 

commonly used by competition authorities, both in the US and in Europe, is based on the 

abstract concept of a hypothetical monopolist that after the structural change profitably 

can increase prices (usually between five and ten percent), and thus exert market power. 

According to microeconomic theory, the possibility and extent to which firms are able to 

raise prices depends on the availability of close substitutes, as well as the ability of other 

firms to supply those products. The less substitute products present, the less elastic the 

demand curve is expected to be. When defining the relevant market it is therefore 

important to consider all substitute products, and the regions that they are produced in, 

given that these will be able to impose a competitive constraint on the suppliers within 

the defined market (e.g., Sleuwaegen and Voldere, 2001). 

 

This approach of delineating a relevant antitrust market does however pose some 

problems for the practitioner who is to perform the task. It is often difficult for 

competition authorities to get hold of the necessary data needed for estimating the price 

elasticity of demand in an often time constrained antitrust situation. In order to determine 

which products that are close substitutes, and what supply and demand shift variables that 

exist in the market, the antitrust practitioner has to have a thorough understanding of the 

underlying forces of the market. This practical problem is often solved by using methods 
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that require less data, and therefore do not explicitly answer the question whether a 

hypothetical monopolist will be able to increase its price. These alternative methods are 

often based on defining an economic market, and antitrust practitioners often use more 

than one method in order to get a good approximation of the prevailing and the future 

structure of the market. The conclusion from this is thus that the competition authorities 

often are left with methods that are more or less a good approximation of the relevant 

antitrust situation.  

 

Before introducing the different methodological issues it is in order to distinguish 

between the definition of an antitrust market and an economic market. This is important 

since the former usually is what a competition authority is interested in, but the latter is 

more often what is defined in practice. The definitions of these concepts in the literature 

are however not clear-cut, something which in many cases confuses any discussion on 

antitrust issues. An economic notion of a market has been defined by many classical 

economists as it relates to the classical microeconomic concept of a market. A widely 

used definition of a market is the one proposed by Stigler (1942). According to Stigler an 

economic market is “the area within which the price tends to uniformity, allowance being 

made for transportation costs” (Stigler, 1942: 92). This implies that the defined market is 

the area in which the prices of the product are linked to one another by the concept of 

supply- or demand-side arbitrage. A large amount of the early economic literature dealing 

with delineating markets for antitrust analysis has been based on the classical view of 

economic markets.  

 

An antitrust market, on the other hand, is defined as whether a dominant firm, or firms, 

will be able to exert monopoly power. In the U.S. Merger Guidelines it is stated that a 

market “is defined as a product or group of products and a geographic area in which it is 

sold such that a hypothetical, profit-maximizing firm, not subject to price regulation, that 

was the only present and future seller of those products in that area would impose a 

“small but significant and nontransitory” increase in price above prevailing or likely 

future levels.” (U.S. Department of Justice, 1984: 4). Werden (1981) was among the first 

who emphasized the difference between a classical economic market and an antitrust 
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market, and thus the necessity to separate the definitions of these markets in antitrust 

purposes. Werden defined a market for antitrust purposes as “any product or group of 

products and any geographic area in which collective action by all firms (as though 

collusion or merger) would result in a profit maximizing price that significantly exceeds 

the competitive price” (Werden, 1981: 721). The antitrust analysis of a structural change 

in a market is thus the procedure to find the smallest group of products, and area, where a 

significant price increase profitably could be imposed.  

 

The differences between the two concepts are relatively profound, and will have an 

impact on how to analyze the different results when delineating markets. A comparison 

of market delineation tests based on the different concepts is therefore provided. For 

every antitrust market there will be a corresponding economic market, and the antitrust 

markets can be either smaller or larger than the economic market. This implies that a 

delineation test founded on the definition of an economic market might define a product, 

and area, as a relevant market, while a delineation test founded on the definition of an 

antitrust market might not, and vice versa. The determinant for this will be e.g., the own-

price elasticity of demand, where products with sufficiently elastic demand are likely to 

be left out of an antitrust market, even if the prices of the products are highly correlated. 

Correlation of prices might be spurious, something which would not be detected by a 

price test. Alternatively, if prices between products are not highly correlated, or if there 

are no shipments between two market areas, the products would not be defined as an 

economic market. However, if the own-price elasticity of demand is sufficiently inelastic, 

it is not likely to assume that the firms would be able to independently set prices. This 

implies that the products are in the same antitrust market, given that potential competition 

might exist (Scheffman and Spiller, 1987). 

 

The differences between the definition of an economic market and an antitrust market 

make it obvious that the approach when delineating these markets should not be the 

same. Why then are price tests and shipments tests (that obviously define economic 

markets) commonly used in antitrust analysis? The answer to this question can be found 

in the relevant, but certainly not always justifiable, explanation that it is difficult to 
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determine what constitutes a “hypothetical” monopolist. Tests for delineating relevant 

antitrust market have traditionally been developed from the manageable principles that 

are based on the economic market definition. Practitioners are often aware of this 

simplification, but recognize that tests based on the economic market principle still 

provide useful information for antitrust purposes, and might serve as an approximation 

for delineating an antitrust market. It should appear from the above discussion that this 

may not always be true. Defining an economic market should therefore be regarded as the 

first step in antitrust analysis that has to be followed up by further investigations to prove 

the existence of the antitrust market.  

 

Both tests that are analyzed in this thesis are based on the principles of an economic 

market, where it is assumed that prices and quantities, respectively, reveal the demand 

and supply characteristics that are important when defining the relevant market area. The 

tests that will be investigated do however represent two different methodological 

traditions. The first test uses prices and a relatively complex econometric simulation 

technique, while the other test relies on shipments data and a simple technique for 

calculating the relevant market. Another common method used in market delineation is 

the residual demand analysis. This method directly estimates the own-price elasticity 

from an equilibrium model of demand, supply, and assumptions of the firm’s behavior 

(Scheffman and Spiller, 1987). This model is thus based on the principles of an antitrust 

market, and even if this method has not been applied in the study, a presentation of the 

method provides a further understanding for the differences between an economic market 

and an antitrust market. The different methodologies are interesting given their different 

approaches to the problem of delineating markets, as well as the fact that there is an 

ongoing discussion in the antitrust literature of which method is the most accurate in 

defining the relevant market. The presentation of the methods, as well as the criticism 

directed towards each of them, follow in section 3.  
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3. Price Data, Shipments Data and Residual Demand Analysis 

3.1 Price Tests for Delineating a Relevant Market 

In the late 1970s and 1980s a substantial economics literature that relied on price tests for 

delineating relevant antitrust markets was published (e.g., Shrieves, 1978; Horowitz, 

1981; Stigler and Sherwin, 1985; Engle and Granger, 1987). The price tests empirically 

implemented the classical definition of an economic market as a tool when analyzing an 

antitrust market by using different econometric methods. Stigler and Sherwin (1985) 

argued that the similarity of price movements is sufficient for delineating markets given 

that the presence of a single price, allowing for transportation costs, in a specified area 

indicates that transactions at one location within the area are perfect substitutes for 

transactions at other locations within that area. For relatively homogenous products, i.e., 

when products are good enough substitutes to be in the same relevant market, prices 

should, due to the substitutability, be highly correlated.  

 

There are a number of different price tests that have been used for delineating markets, 

e.g., price correlations, estimation of speed of adjustment, econometric tests for Granger 

causality, cointegration, and error corrections. The logic behind these tests is that two 

geographically separated areas constitute a single market when the prices at the different 

areas are correlated, i.e., over time follow the same price trend. This implies that if the 

prices in two separated markets over time stay persistently out of line with each other, 

then the areas are not belonging to the same economic or antitrust market. The speed of 

adjustment parameter measures how fast the prices will converge towards the long run 

equilibrium level in case of a price shock.  

 

According to Werden and Froeb (1993) and Elzinga and Hogarty (1973) the use of price 

data is not an appropriate tool for antitrust analysis. There are primarily three reasons for 

this conclusion. First, it is often difficult to identify the correct price, as well as 

transportation cost, when the geographically separated markets include a variety of 

products with different prices, and conclusions based on poor data may be misleading. 

Second, even if it is possible that when prices for products sold in geographically 

separated markets tend to unity or follow the same trend they belong to the same 
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economic market area, it does not necessary have to be the case. For example, the prices 

in two distinct markets could exhibit the same movements even if it is coincidental, or 

caused by the price change of a common input factor, i.e., so-called spurious correlation. 

Given this situation, an assessment of price data would induce the wrong assumption of 

an integrated geographic market area, when in fact this is not the case. Third, if firms in a 

single market charge different prices to different consumers, different prices are likely to 

prevail.  

 

However, as is noted by, e.g., Scheffman and Spiller (1987), price tests share the problem 

that they are intended to delineate economic markets, not antitrust markets. Also Werden 

and Froeb (1993) make this remark when concluding that: “The forces driving these 

various price tests for market delineation are not the same as those that give rise to 

market power, and therefore these price tests are likely to reach erroneous conclusions if 

used to delineate antitrust relevant markets,” (Werden and Froeb, 1993: 347).  

 

3.2 Shipments Data Tests for Delineating a Relevant Market 

Elzinga and Hogarty (1973) introduce a test that is based on the definition of a classical 

economic market, but they used shipments data instead of prices. They propose an 

operational procedure that is highly intuitive, as well as consistent with economic theory, 

given that the product flows (in quantities) will capture all of the fundamental demand 

and supply shifts that affect prices. Therefore, the only data needed in order to estimate 

relevant market areas are, according to the authors, shipments data, i.e. import and export 

quantities, and consumption and production data. The Elzinga-Hograty test has perhaps 

become one of the most widely used empirical methods for delineating relevant 

geographic markets in antitrust purposes. 

 

The tests that are proposed by Elzinga and Hograty are; the little in from the outside 

(LIFO) test, and the little out from the inside (LOFI) test. The LIFO test concerns the 

demand side of the market, and asks whether total purchases within the identified region 

is also produced within the region? The LOFI test concerns the supply side of the market, 

and asks for the smallest geographic region that is required to include almost all 
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shipments from the defined market area? This implies that a relevant geographic market 

area will include all regions that either exports or imports significant amounts of the 

product under investigation. The tests are only based on quantity data, and it is assumed 

that all necessary information about the product, such as prices and elasticities, is 

reflected in demand and supply behavior. 

  

The critique towards the use of the Elzinga-Hogarty test when delineating relevant 

markets is given by e.g., Giffen and Kushner (1976) who argue that the tests are 

unacceptable since single markets can exist without meeting the criteria for the LIFO and 

LOFI tests. They claim that the tests fail to detect the overall economic environment, and 

thus any potential market power of firms within the area. Werden (1981) also directs 

critique towards the method and identifies two situations where the method will lead to 

fundamental errors regarding an antitrust market. First, in a situation where there are no 

shipments between two regions, the Elzinga-Hogarty test would conclude that the regions 

belong to distinct markets. However, if the cross-elasticity of demand is high, it is not 

likely that the firms in the different regions would be able to set prices independently. In 

other words, the Elzinga-Hogarty test does not account for potential competition from 

other regions. The second situation concerns the notion that a shipment test could neglect 

to define a relevant market within a defined area. Werden argues that the Elzinga-

Hogarty method does not pose the question of whether firms could profitably raise the 

price level after a merger has taken place. Thus, given that most antitrust analyzes are 

conducted a priori a structural change in the market, the shipment test will fail to 

recognize anticompetitive behavior within the market. Werden (1981) notes that this 

problem would be avoided if the cross-price elasticity of demand was known by the 

analyst.  

 

3.3 Residual Demand Analysis for Delineating a Relevant Market 

When delineating relevant markets under the U.S. Merger Guidelines the question of how 

much a hypothetical profit-maximizing monopolist would be able to profitable raise price 

is posed. If the price increase is large enough, usually between five and ten percent, then 

the product, and relevant geographic area, is considered an antitrust market. Thus, market 
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delineation involves an evaluation of the monopoly mark-up over the prevailing price. 

The hypothetical monopolist’s demand curve entails important information of the firm’s 

possibility to raise price above the competitive level, and estimating this demand curve is 

therefore useful in delineating the relevant antitrust market. Given that the hypothetical 

monopolist likely would act as a dominant firm on the market, the monopolist’s demand 

curve can be considered as a residual demand curve. Together with the firm’s cost curve, 

it is possible to determine the hypothetical monopolist’s price behaviour (Froeb and 

Werden, 1991). 

 

A firm’s residual demand function specifies the level of sales made by the firm as a 

function of their price, and it represents the part of the total demand that is not met by 

other firms in the market. Residual demand analysis identifies the relation between a 

firm’s market share and the extent of its market power by estimating the elasticity of the 

residual demand curve. To exemplify, a firm in a perfectly competitive market does not 

have any power to raise price over the competitive level, and thus the firm faces an 

infinitely elastic residual demand curve. However, a market structure with fewer 

competitive constraints will have a more inelastic residual demand curve, and the higher 

is the potential power of the firm to implement a price increase for its product. This is 

under the assumption of homogenous product markets (Hoehn et al., 1999). 

 

Residual demand analysis for use in market delineation has become increasingly popular 

during the last decades. Scheffman and Spiller (1987) were among the first to consider 

the estimation of residual demand curves as an important tool when delineating relevant 

antitrust markets. The authors conclude that deeming a market as antitrust entails finding 

the relevant product, and an area, where the demand is sufficiently inelastic so that the 

costs of a hypothetical monopolist make it profitable to increase price to an 

anticompetitive level. To estimate the residual demand curve time series of data on price, 

quantity sold, cost shift variables for the hypothetical monopolist, as well as cost shift 

variables for rival firms, and demand shift variables are necessary in order to define the 

price elasticity of the residual demand curve (Scheffman and Spiller, 1987).  
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Froeb and Werden (1991) note that there are many complications and limitations of the 

residual demand approach. The method hinges on the relatively strong assumptions that 

marginal cost is constant, that the before merger equilibrium is competitive, and that the 

demand function has constant elasticity. The authors notice that the predicted mark-up is 

sensitive to these assumptions, and thus that it is difficult to obtain a correct estimate of 

the monopoly mark-up from the estimate of the residual demand elasticity. In addition, 

Froeb and Werden (1991) conclude that the use of historical data when estimating the 

residual demand elasticity might be misleading when predicting future events given that 

the market structure conditions likely will change after a merger or another structural 

change on the market. Additional difficulties with the residual demand approach are that 

data requirements are relatively exhaustive, and that the estimation hinges upon correctly 

chosen variables. Often it is difficult to identify a variable that is a cost shifter only for 

the firm under investigation, and not for the other firms in the industry. Thus, to gather 

correct data on the cost shift variables might be difficult. Finally, residual demand 

estimators are sensitive to the specification choices, and when using poorly chosen and 

specified variables the estimated elasticity will be misleading.  

 

3.4 Choice of Methods 

The analysis of residual demand stems more directly from theoretical economic models 

than the analysis of price movements and shipments data, given that the estimated own-

price elasticity is directly derived from an equilibrium model of supply, demand, and 

behavioural assumptions. The analyses of price movements and shipments data stem 

more indirectly from theoretical economic models given that it is assumed that prices and 

quantities will reflect demand and supply behaviour. Residual demand analysis thus 

permits the analyst to directly conclude whether or not a firm could impose a non-

competitive price for its product, which is the definition of a relevant antitrust market as 

proposed by the U.S. Merger Guidelines. Therefore, while price and quantity analysis are 

useful tools in the definition of economic markets, and can offer significant insights into 

antitrust markets, one can argue that residual demand analysis is the technique that in 

principle works to define antitrust markets directly (Hoehn et al., 1999).  
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In this thesis the methods for defining relevant markets, cointegration test and the 

Elzinga-Hogarty tests, are both based upon the principle of an economic market. The 

overall purpose is to test the hypothesis of the existence of a world market for the 

international coal industry, and to investigate whether the industry has experienced 

increased market integration over time. This will be fulfilled by applying the methods 

based on the principle of an economic market. Thus, one reason for why the residual 

demand analysis is not applied in this study is that the overall purpose is to delineate the 

economic market for internationally traded coal, and not the relevant antitrust market. An 

additional reason is given by the difficulties of obtaining relevant data for estimating the 

residual demand elasticity. However, by applying methods based on economic market 

principles one has to be cautious when making conclusions regarding antitrust issues.  

 

The critique that is directed towards the methods based on economic market principles 

are, as evident from sections 3.1 and 3.2, almost exclusively focused on the issues 

regarding delineating relevant antitrust markets. This critique does therefore not imply 

that the methods are flawed, only that when using them to delineate relevant antitrust 

markets they will not provide the entire picture. However, given that these methods often 

are used as a ‘first-cut’ tool by practitioners when delineating relevant antitrust markets, 

it is important to evaluate them both from an economic market view, and an antitrust 

market view.  

 

4. Summary of Papers 

Paper [1] Market Integration in the International Coal Industry: A Cointegration 

Approach 

The purpose of this paper is to test the hypothesis of the existence of a single economic 

market for the international coal industry, and to investigate whether the industry has 

experienced increased market integration over time. This has been conducted by using 

cointegration and error correction models applied on quarterly price series data in Europe 

and Japan between 1980 and 2000. Both the coking coal and the steam coal market show 

evidence of global market integration, as demonstrated by the stable long run 

cointegrating relationship between the prices series in different world regions. This 
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supports the hypothesis of a globally integrated market. The long run price correlation is 

higher for steam coal than for coking coal, but the short run error correction estimates 

indicate a faster adjustment towards the long run equilibrium level for coking coal than 

for steam coal. Thus, the overall conclusion on which of the two markets that is more 

integrated than the other is indecisive. When analyzing market integration over time it is 

not possible to confirm cointegration in the 1990s for steam coal, and thus the conclusion 

of a single economic market cannot be maintained. Regarding coking coal, there are 

tendencies of increased integration given the faster adjustment to the long run equilibrium 

level in the 1990s. One should though be cautious when analyzing the results for market 

integration over time given the reduced set of data points.  

 

Paper [2] Defining Geographic Coal Markets Using Shipments Data 

The purpose paper 2 is to define the relevant economic market for steam and coking coal 

with the use of shipments data, and to test the hypothesis of a single world market for 

coal. Methodologically the paper relies on the so-called Elzinga-Hogarty method, which 

outlines two criteria for the existence of an economic market. Regarding coking coal the 

results indicate that the market is essentially global in scope, and also that the market has 

become more integrated over time. The results for steam coal show that the markets are 

more regional in scope, and there exist no clear tendencies of increased integration over 

time. These results are in line with evidence from cointegration and short run error 

correction estimates, based on price series data. In order to scrutinize the Elzinga-Hogarty 

method in more detail, some of the criticism towards the method is addressed 

empirically. The overall conclusion is that the method is not well equipped to detect 

potential market participation or potential anticompetitive behavior within a defined area 

(especially when there are large differences in the size of the market participants). Still, 

the Elzinga-Hogarty method is useful as a first step in market delineation analysis as it 

contributes to a good understanding of the prevailing product flow patterns. 

 

5. Concluding Remarks and Implications 

The overall purpose of this thesis is to test the hypothesis of the existence of a world 

market for the international coal industry, and to investigate whether or not the industry 
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has experienced increased market integration over time. Two self-contained papers for 

market delineation explore these issues in detail. The papers use different methods for 

market delineation, something which also permits an evaluation of the applicability, and 

the pros and cons of the methods employed.  

 

An overall conclusion that can be made is that the market for internationally trade coal is 

integrated globally. However, there exist significant differences between the steam coal 

market and the coking coal market. Regarding the price test the evidence points towards 

integrated markets for both steam coal and coking coal for the period 1980 to 2000, given 

the existence of a long run equilibrium level and a relatively fast price adjustment 

process. When analyzing market integration over time, the results for steam coal are 

indecisive since the price correlation is higher in the 1990s than the 1980s, but 

cointegration cannot be confirmed in the 1990s. Regarding coking coal the results cannot 

be statistically confirmed; however we see that the price series are cointegrated and also 

that the short term speed of adjustment increases in the 1990s. The results from the 

Elzinga-Hogarty method are similar given that it is only the coking coal market that 

indicates a world market. This market also shows evidence of increased market 

integration over time. The steam coal market, on the other hand, is more regional in scope 

and there are no clear tendencies of more market integration over time 

 

One policy implication of the finding that the steam coal market cannot be considered 

cointegrated in the 1990s, and that the shipments have clear regional tendencies, is that 

mergers and acquisitions for this market would add more to the merged companies’ 

market power, as the same activity in the coking coal market. This implies that the wave 

of mergers and acquisitions during the 1990s, which has increased the concentration in 

the market, may have led to a certain market power, i.e., price premium, for these 

companies. Still, additional merger analysis would be needed to confirm this conclusion. 

In the coking coal market the situation is somewhat different. There are tendencies 

towards greater integration, given that the short run adjustment for the prices has 

increased in the 1990s as well as more market integration over time. Thus the possibility 
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that a given merger would result in non-competitive pricing in the coking coal market has 

therefore likely decreased during the 1990s.  

 

The finding that the steam coal market has not become more integrated over time does 

not support the notion of a unified world market for coal. Economic theory predicts that 

the substantial increase in steam coal trade would lead to a more integrated market. One 

would also expect that the steam coal market would be more integrated than the coking 

coal market, given the rapid development of steam coal demand during this time period. 

However, the evidence in this study points towards the coking coal market as more 

integrated globally. One explanation for this behaviour might be that transportation costs 

for coking coal constitutes a lesser part of the total price, than for steam coal. However, 

the finding that the steam coal market is regional in scope, and that North America is 

considered a single economic market, does not have to imply that competition on the 

market is restrained. Monopoly power depends on the price elasticity of demand, and if 

producers outside North America try to raise prices, the price elasticity of demand would 

increase for these producers since American producers would enter the market. Thus, the 

methods applied in this study would not detect potential market power from producers 

that choose to not enter the world market.  

 

Finally, the methods applied are limited when analyzing antitrust issues, at least when 

used alone. However, they still provide useful information and guidance for the antitrust 

practitioner. The shipment test provides a good understanding of the product flow 

patterns, which is useful to estimate the size of the market, and the price test provides 

valuable information about the price levels, as well as the short term adjustment 

processes in the case when the price deviates from the long run equilibrium level. When 

used in combination with other tests, which preferably provide some notion of the price 

elasticity of demand, the antitrust practitioner should be provided with a good 

understanding of the competitive situation in the market. Future research on market 

delineation methods would however be necessary in order to provide better guidance on 

which method to apply given different market situations.   
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Abstract 

The purpose of this paper is to test the hypothesis of the existence of a single economic 

market for the international coal industry, and to investigate whether the industry has 

experienced increased market integration over time. This has been conducted by using 

cointegration and error correction models applied on quarterly price series data in Europe 

and Japan between 1980 and 2000. Both the coking coal and the steam coal market show 

evidence of global market integration, as demonstrated by the stable long run 

cointegrating relationship between the prices series in different world regions. This 

supports the hypothesis of a globally integrated market. The long run price correlation is 

higher for steam coal than for coking coal, but the short run error correction estimates 

indicate a faster adjustment towards the long run equilibrium level for coking coal than 

for steam coal. Thus, the overall conclusion on which of the two markets that is more 

integrated than the other is indecisive. When analyzing market integration over time it is 

not possible to confirm cointegration in the 1990s for steam coal, and thus the conclusion 

of a single economic market cannot be maintained. Regarding coking coal, there are 

tendencies of increased integration given the faster adjustment to the long run equilibrium 

level in the 1990s. One should though be cautious when analyzing the results for market 

integration over time given the reduced set of data points.  

                                                 
* A shorter version of this paper was presented at the International IAEE conference in Aberdeen, June 26-
29, 2002. Generous financial support from the Swedish Competition Authority is gratefully acknowledged, 
as are helpful comments from Patrik Söderholm, Bo Jonsson, Marian Radetzki, Mats Nilsson, John Tilton, 
and James Griffin. 



 1 

1. Introduction 

During the last 30 years the international coal industry has undergone dramatic changes, 

which have fundamentally transformed the organization and the structure of the industry. 

In the 1970s isolated national producers dominated the coal industry, and in Europe and 

Asia these companies were in most cases state-owned, producing only for national usage. 

The oil crises in 1973 and 1979 forced a revision of this setting, and initiated the rapid 

development of the international coal market to its appearance today. World trade of 

seaborne coal increased substantially, and during recent years many analysts have 

considered the international coal market as an essentially unified global market (e.g., 

Ellerman, 1995; Humphreys and Welham, 2000).  

 

The purpose of this paper is to test the hypothesis of the existence of a single economic 

market for the international coal industry, and to investigate whether the industry has 

experienced increased market integration over time. The general concept of the ‘Law of 

One Price’, stating that prices (expressed in the same currency) at geographically 

separated markets should be equal (with the exception of transaction costs), is used for 

defining the presence of an economic market (Krugman and Obstfeld, 2000). In the case 

of coal, transaction costs consist mainly of transportation costs, quality differences, and 

the information costs associated with price comparisons. 

  

There are at least three motivations for this research endeavor. First, during the last 

decade the coal market has experienced a wave of mergers and acquisitions. This 

development has increased the consolidation of the market, since multinational 

corporations specializing in mining have replaced many of the local coal producers 

(Regibeau, 2000). Examples of the specialist international mining companies that today 

are dominant in the coal market include Rio Tinto, Peabody, BHP Billiton, and Sasol 

Mining (IEA, 2001). A study made by WEFA concludes that, due to the consolidation of 

coal producers, a likely scenario in 2005 is that more than 45 percent of internationally 

traded seaborne steam coal will be in the hands of only five multinational producers 

(WEFA, 2001). The fear of these companies exercising market power, and driving prices 

higher, motivates an empirical analysis of market integration in the industry. Market 
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integration tests are important for merger analysis, since the competitive impact of a 

company increasing its market share is greater in a regional market than in a world 

market. This can easily be exemplified when considering a company with a share of, say, 

20 percent of a regional market, but only about 5 percent of a world market. The 

possibility for this company to exercise market power in the regional market is by all 

means greater than if this market becomes integrated. 

 

The consolidation of markets through mergers and acquisitions is not something which is 

unique for the coal and energy markets. The structure of many markets has during the last 

years moved towards larger and more competitive global markets. According to many 

industry leaders this development requires a more efficient industry structure, which 

seems to imply larger companies, and as a consequence a more consolidated market. As 

noted above, one important question that this raises is if the stronger market position of 

the merged companies makes it possible for them to use their market power? The 

European competition commissioner, Mario Monti, seems to be concerned about this, 

given that the Commission has blocked an exceptionally large number of mergers since 

the turn of the century (Grosskopf and Lachma, 2001). When analyzing whether or not a 

merger will result in higher prices to the consumers it is necessary to have a clear 

definition of the relevant market, and, as indicated above, the international coal industry 

provides a relevant case study for analyzing the issue of market definition and 

integration.  

 

Second, previous research on market integration in the international coal industry has not 

distinguished between the different markets (end uses) for internationally traded coal 

products (see also section 2). The international coal market can be separated into coking 

coal and steam coal. Coking coal is primarily used as an input for the production of coke 

in the iron and steel industries, while steam coal is mainly used as an input in the energy 

sector to produce electricity and heat. The use of steam coal in the electricity generating 

industry has developed rapidly during the last decades, while the use of coking coal as a 

chemical reductant in the steel making process has declined in the Western hemisphere 

due to the advent of new technologies for the production of steel. The different end uses 
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and developments for steam coal and coking coal provide reasons to believe that the level 

of integration is not equal for these markets. Given the situation of a more developed 

market for steam coal, most analysts have focused their research on this market, even 

though world demand for coking coal is still increasing (IEA, 2001). Separate empirical 

studies of market integration for both these markets are hence motivated.  

 

A third and final reason for this study is given by the relevance of geographic markets for 

a product such as coal. Coal is by nature a bulky product, and areas of production and 

consumption are separated. This implies that transportation costs tend to be important for 

both supply and demand decisions. One can thus argue that the coal market, both that for 

steam and coke, cannot be perfectly integrated markets, if for no other reason because of 

relatively high transportation costs. Still, elaborate empirical research is needed to 

confirm or refute this conventional wisdom. 

 

Studying the relationship between prices at separated locations provides an indication of 

market integration. According to economic theory, two markets are integrated when their 

price levels are closely related (Stigler, 1942). When a market becomes more integrated 

the transaction costs of identifying a correct price are reduced, something which creates 

less possibilities for arbitrage profits. The method for determining market integration in 

this paper is an error correction model introduced by Engle and Granger (1987). The 

error correction model incorporates a long run cointegrating relationship, which implies 

that two cointegrated price series will not drift apart without limit. Error correction 

models have gained increased support for empirical estimations of market integration in 

energy industries during the last ten years (e.g., DeVany and Walls, 1993; Sauer, 1994; 

Asche et al., 2001). The technique examines movements in prices for goods located in 

different regions in order to test the hypothesis of a long run cointegrating relationship.1 

It is however argued that a long run cointegrating relationship alone is an insufficient 

indication of market integration, and should be complemented with error correction 

estimates (Gjolberg, et al., 1996). Error correction models extend the analysis by making 

                                                 
1 Some critique against price tests for identifying antitrust markets is discussed in Werden and Froeb 
(1993). 
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it possible to test hypotheses related to the long run parameters, as well as to estimate a 

speed of adjustment parameter that measures how fast prices move back to the long run 

equilibrium in the presence of a shock. The error correction model therefore separates 

between a long run and a short run response. This is an advantage compared to only 

cointegration tests, and permits a more comprehensive analysis of market integration.  

 

The data used in this paper represent quarterly import average CIF (cost, insurance, and 

freight) prices in US dollars/ton, separated for coking coal and steam coal, for the two 

dominant importers of coal, Europe and Japan. Weekly or daily price data is preferable in 

time series analysis, but since the coal market is dominated by long-term contracts, 

quarterly data will be sufficient in providing the relevant information. The time period 

examined stretches from 1980 until 2000, which includes coal prices ‘all time high’ in the 

beginning of the 1980s, when the security of supply issue dominated most political 

agendas. At the end of the time period the coal market structure has changed; the contract 

standard is under development, moving towards spot markets, and multinational 

corporations specializing in mining are the dominant suppliers. This suggests that it is 

also useful to test whether significant changes in the degree of market integration have 

occurred over time. 

 

The paper proceeds as follows. Section two examines the historical development of 

internationally traded steam and coking coal, from a situation characterized by separated 

regional markets to the current situation when many analysts describe the international 

market for coal as a unified global market. Section three provides a theoretical 

background to cointegration and error correction models. In section four the empirical 

results are presented, for both the steam and coking coal markets. The last part of this 

section divides the price series data into different time periods in order to study if any of 

the markets have experienced increased market integration over time. Finally, in section 

five, some concluding remarks are made.  
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2. The Development of the International Coal Industry 

Globalization has been an important feature in the transformation of the international 

market for coal to its present form. Before the 1960s there was basically no such thing as 

an international market for coal, given that most export was land-based between 

neighboring countries. The exception was the US which exported some of its coal to 

Europe as well as to Japan. A natural obstacle for the development of a world market for 

traded coal, compared with e.g., oil, is the relatively high transportation costs involved in 

shipping and handling coal (IEA, 1997). According to Lundgren (1996) freight rates for 

bulk products, such as coal, have however decreased about 65-70 percent since the 1950s. 

This has created an opportunity for the development of a global market for seaborne 

trade. Figure 1 illustrates the development for the world trade of steam coal and coking 

coal, from 1978 to 2000.2  

Figure 1
World Trade for Steam and Coking Coal
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 Source: IEA (2001). 

 

From 1978 until 2000 world trade in coking coal almost doubled, from about 100 million 

tons to about 192 million tons. The main reason for this development has been the 

increase in demand for coking coal, primarily created by the industrialization of 

undeveloped countries in Asia and Latin America. World trade in steam coal has grown 

                                                 
2 Data separating steam coal and coking coal date back to 1978 at International Energy Agency (IEA). 
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considerably faster during the same period, from 87 million tons in 1978 to almost 381 

million tons in 2000. This represents an increase of more than 438 percent in traded 

steam coal during the last two decades. One reason for the high growth in steam coal 

trade can be ascribed to the high oil prices caused by the OPEC cartel in the 1970s, which 

increased the demand for coal as input into power generation. This market has continued 

to grow, something which is mainly explained by the high energy consumption levels in 

the world today. The reason why the coking coal market has not followed the growth path 

of the steam coal market is because many industries demanding coke in their production 

have experienced a slowdown during the last decade (IEA, 2001). Due to the different 

uses and developments of coking coal and steam coal, I will treat these products 

separately in the remainder of the article.3  

 

2.1 Coking Coal 

Coking coal is primarily used as a chemical reductant in iron and steel production. 

Growth in the coking coal market was most evident during the 1960s, something which 

can be explained by higher demand for coking coal primarily in Europe where production 

could not sustain the newly created demand. The higher demand for coking coal in the 

steel and iron making process in many European countries produced significant trade of 

seaborne coal, where previously there had been almost none. During the 1970s the 

demand for coking coal increased substantially in the newly industrializing countries, 

mainly in Asia and Latin America, something which reinforced the development in the 

1960s. During the 1980s growth in the coking coal market slowed down due to the 

modest growth in industry use for coking coal (mainly in Europe), and a new technical 

process that decreased the use of coke in the steel making process (IEA, 1997). 

 

In 2000 the total volume of export in coking coal was 192 million tons and the largest 

exporter, Australia, represented 51 percent of the market. The US was the second largest 

exporter with a share of 15 percent. The quarterly price levels for import of coking coal 
                                                 
3 Substitution between coking coal and steam coal is in some cases possible, but this is only when prices 
are suitable and it requires preparation of the products, in order to go with either the steel making process 
or the energy process (IEA, 1998). 
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in the two dominant regions, Europe and Japan, were in 2000 US$ 47.9/ton and US$ 

39.5/ton in average customs unit values, respectively (IEA, 2001). Figure 2 presents 

coking coal price levels for Europe and Japan from 1980 until 2000. It is evident from 

this figure that the prices in these geographical markets tend to be closely correlated. 

Notably is though that the price level in Japan from 1994 and onwards, is slightly lower 

than the price level in Europe. This development can to some extent be explained by the 

growth in the demand for coking coal in Asia, while at the same time in Europe many 

heavy industries were shut down. This can primarily be credited to the globalization 

process; many heavy industries moved from the higher cost production in the US and 

Europe to the Asian-Pacific region (IEA, 2000). Interestingly, the price difference 

between the geographically separated markets has increased during the last years. This 

might be an indication that the market for coking coal is becoming less integrated; 

contradicting the notion of a unified market for internationally traded coking coal. The 

development described above demonstrates the need for a thorough empirical analysis of 

the current market situation for coking coal.  

Figure 2 
Import Prices for Coking Coal
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                 Source: IEA (quarterly). 

 

The prices for coking coal are generally settled in long term contracts (more than five 

years) through bilateral negotiations between suppliers and consumers. During the last 5-
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6 years spot markets for coal have developed, but these are still limited in scope since the 

demand for coking coal is to a large extent fixed in the short run. There is though 

evidence that the prices paid in spot markets have an effect on the contract prices 

settlements, especially in the European market (IEA, 1997). Despite the existence of 

long-term contracts, the prices for coking coal are considered to be relatively flexible. 

Annual renegotiations, allowing the prices to change, are the norm. The timing of the 

negotiations has a great impact on the prices, and for the coking coal market the price 

settlements with the Japanese Steel Mills are the most influential. These settlements are 

made before the negotiations involving European and South African steel makers. In 

Japan it has also been common to conclude negotiations for coking coal before steam 

coal, mainly due to the fact that the Japanese Steel Mills have a longer tradition of coal 

import than have the Japanese Power utilities (IEA, 1997).     

 

2.2 Steam Coal 

Steam coal is primarily used for electricity generation, and in recent years it has 

represented more than 60 percent of all traded coal. Compared to the coking coal market 

the steam coal market has grown considerably faster during the last 20 years, something 

which is mainly explained by the substantial increase in electricity demand during this 

period (IEA, 2000). The oil crises in 1973 and 1979 were the two individual events that 

have had the most impact on the creation of a world market for seaborne steam coal 

trade. The high oil prices enforced by the OPEC cartel increased the demand for 

internationally traded steam coal. Transportation costs and storing costs for steam coal 

seemed no longer to be an overwhelming obstacle, especially since ‘security of supply’ 

became a political issue that appeared as important as a cost driven perspective 

(Söderholm, 1998).  

 

In 2000 the total volume of export in steam coal was 381 million tons, and Australia was 

the largest exporter with a 23 percent share of the market. South Africa represented the 

second largest exporter, with 18 percent of the total export in steam coal. The price levels 

for imported steam coal in the two dominating regions, Europe and Japan, were in 2000 

US$ 34.9/ton and US$ 34.6/ton, respectively, measured in average customs unit values 
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(IEA, 2001). Figure 3 presents the quarterly steam coal prices for Europe and Japan from 

1980 until 2000. The prices in these geographically separated markets seem highly 

correlated. It is worth noting that the trend for steam coal prices is opposite to the one for 

coking coal prices, in that the prices for steam coal have been converging significantly, 

especially since 1997. This trend can be seen as an indication of a more integrated market 

for steam coal. Still, a proper econometric test of this notion seems motivated.  

Figure 3 
Import Prices for Steam Coal
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The contractual arrangements for steam coal are by and large the same as those for 

coking coal. So far long term contracts are dominating the market, but spot markets are 

becoming increasingly common in the price formation process. The spot purchasing 

practice is more developed for steam coal than that for coking coal, which is mainly due 

to the greater number of supply alternatives in the steam coal market, as well as reduced 

concern among major electric utility companies over secure supply alternatives. Spot 

markets are most frequent and developed in the Asian market, where spot sales are 

functioning as indicators for the long-term contract negotiations. The prices in the Asian 

market are also influenced by the prices set in the European market, since prices in the 

European market are mostly set one quarter ahead of the contract prices in Asia (IEA, 

1997). 
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Figures 2 and 3 illustrate that the prices for coking coal and steam coal have roughly 

followed the same path. Imports prices around the world, for steam coal and coking coal, 

were at their ‘all time high’ in 1982, and have thereafter been declining both in nominal 

and real terms. This is mainly due to increases in productivity, a more open and 

unregulated market, and the oil price collapse in 1986. The high coal prices in the early 

1980s created an excess supply capacity for coal, something which coincided with 

cheaper nuclear power plants, higher ocean freight rates, and environmental concerns for 

coal use. As a result, the demand growth for coal declined and the coal price was 

thereafter mostly determined by coal-to-coal competition. Other factors that have 

contributed to a downward pressure on the world coal prices are the widely distributed 

coal reserves, the possibility for US producers to enter the market when prices rise, and 

the entry of new low cost producers from new exporting countries (IEA, 1997).  

 

2.3 Is there a Single Economic Market for Internationally Traded Coal?  

One aspect of the international coal market, which contradicts the notion of a unified 

global economic market, is the domination of two geographical markets, the European 

and the Asian-Pacific market. The existence of two geographically separated markets is 

sustained primarily by relatively high transportation costs. Table 1 presents some 

indicative costs insured to produce and ship steam coal and coking coal to Europe and 

Japan, from major exporting countries. Evident from Table 1 is that it is notably cheaper 

to transport coal from Australia and Canada to Japan and from the United States to 

Europe. This supports the domination of separated geographical markets. Regarding 

South Africa, the freight rate is thus almost equal between Europe and Japan. Table 1 

also shows that shipment costs contain a larger share of the final CIF price of steam coal 

than is the case for coking coal, given the higher final CIF price concerning coking coal. 

Also interesting to note is that regarding exports from Canada, the CIF prices in Japan 

and Europe are opposite of what one would expect given the Ocean freight rate. The 

Ocean freight rate to Japan from Canada is less than the equivalent to Europe, but still the 

CIF price is higher in Japan than it is in Europe. 
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Table 1 

Indicative Production and Transportation costs for Coking and Steam Coal 

(2000 US$/ton) 

Coking coal 
exporters 

Mine 
mouth price 

Inland 
transport 

Loading 
Ocean 

freight to 
Japan 

CIF 
Japan 

Ocean 
freight to 
Europe 

CIF 
Europe 

Australia        
Queensland        

- underground 30.7-37.1 3.9-6.5 1.7-2.6 5.6-9.0 48.8-55.2 10.1-17.0 55.0-61.4 
- surface 27.2-37.6 3.9-6.5 1.7-2.6 5.6-9.0 45.3-55.7 10.1-17.0 51.5-61.9 
Canada        

Western Canada        
- surface 34.3-42.5 9.3-13.4 2.1-4.1 5.8-8.8 41.7-49.9 10.8-17.4 34.3-42.5 

South Africa        
Transvaal        

- underground 30.7-33.4 5.9-6.4 1.2-1.5 7.2-11.3 37.3-40.0 7.5-13.4 47.1-49.8 
United States        

Appalachia        
-underground 23.9-32.2 15.3-18.6 0.5-1.1 13.1-18.3 56.6-64.8 5.8-9.5 48.3-56.6 

-surface 34.7-37.8 8.0-9.3 1.3-2.9 14.4-20.1 62.1-65.3 6.5-9.4 53.4-56.5 
Steam coal 
exporters 

Mine 
mouth price 

Inland 
transport 

Loading Ocean 
freight to 

Japan 

CIF 
Japan 

Ocean 
freight to 
Europe 

CIF 
Europe 

Australia        
Queensland        

- surface 13.2-17.6 3.9-6.5 1.7-2.6 5.6-9.0 31.3-35.7 10.1-17.0 37.5-41.9 
Canada        

Western Canada        
- surface 27.0-35.3 9.3-13.4 2.1-4.1 5.8-8.8 34.4-42.7 10.8-17.4 27.0-35.3 

South Africa        
Transvaal        
- surface 14.2-25.6 5.9-6.4 1.2-1.5 7.2-11.3 22.1-32.2 7.5-13.4 25.0-27.0 

United States        
Appalachia        

-surface 16.4-25.4 15.3-18.6 0.5-1.1 13.1-18.3 49.1-58.1 5.8-9.5 40.8-49.8 
    Source: IEA (2001). 

 

The presence of two dominating geographical regions is also illustrated in Table 2, which 

shows that countries that are geographically closer to each other are the primary 

exporters/importers. The Asian-Pacific market, with Japan as the biggest importer, is 

mainly supplied by Australia and Canada in the case of coking coal and for steam coal by 

Australia, China, and Indonesia. The other regional market, Europe, is mainly supplied 

by South Africa, Colombia, and Poland concerning steam coal, and for coking coal by the 

US and Australia. 
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Table 2 

World Trade in Coking and Steam Coal in 2000 (Mt) 

 Coking Coal Steam Coal 

Exporters Japan Other Asia 
OECD 
Europe Japan Other Asia 

OECD 
Europe 

Australia 40.7 28.4 21.6 46.8 28.7 9.9 

Canada 12.1 5.4 6.7 1.3 1.7 0.3 

Poland - - 4.0 - - 18.1 

United States 1.0 0.9 15.7 3.1 1.1 5.8 

Other OECD 0.9 0.5 4.3 - - 6.7 

Total OECD 54.8 35.3 52.3 51.1 31.5 40.9 

China 3.3 3.2 - 13.2 35.6 2.9 

Colombia 0.1 - 0.1 - - 21.8 

Indonesia 3.9 4.3 0.4 10.5 30.0 8.0 

Former SU 2.4 1.0 1.2 3.1 2.3 17.2 

South Africa 0.3 - 0.4 1.6 11.5 41.8 

Oth Non-OECD - - 0.3 1.0 0.7 3.7 

Tot. Imp/Exp 64.7 43.8 54.8 80.6 110.9 136.3 

    Source: IEA (2001). 

 

Two important links between these geographically separated markets are, concerning 

steam coal, Australia and in particular South Africa, whose geographic locations create 

potential for exports to both the European and Asian-Pacific markets. In the case of 

coking coal we can see that Australia exports both to the Asian-Pacific market and to the 

European market. This is primarily explained by the excess supply from the Australian 

producers. When supply is higher than demand in the Asian-Pacific region, the Australian 

producers export their excess supply to the European market. Australia can therefore be 

seen as a marginal supplier. Another link between the markets is the possibility for the 

US producers to enter the international coal market when price levels are favorable, 

something which makes the US a swing supplier with the excess capacity to move in and 

out of the market depending on the current market situation (IEA, 1997).4 The above 

                                                 
4 Market integration between the US and Europe is because of the US role as swing supplier considered to 
be strong (Ellerman, 1995). It is therefore reasonable to believe that any regional tendencies (i.e., lack of 
market integration) are more likely to be detected between Europe and Japan. Worth noting is also that the 
US is not a big importer of coal, given their large production at home.  



 13 

facts, and the relatively strong relationship between coal prices as illustrated in Figures 2 

and 3, tend to support the notion of a unified market for internationally traded coal (see 

also Ellerman, 1995).  

 

Still, even if the prices tend to follow the same path in the long run, the responses to price 

deviations in the short run can provide useful information on the degree of market 

integration. In addition, the recent development of more consolidated coal suppliers may 

be an issue of concern, since the prospect of these companies exercising market power 

increases substantially when there are fewer, more dominant, players operating in the 

market (IEA, 2000). Changes in contractual arrangements and the wave of mergers that 

have characterized the international coal market over the last five years therefore provide 

further motivations for a detailed investigation of market integration in the coal industry.  

 

An additional reason supporting the chosen topic is that previous research has to a large 

extent focused on the steam coal market, but the assumption about a single economic 

market is often made for the international coal market as a whole (e.g., IEA, 1997). The 

markets for steam coal and coking coal should not be treated jointly, due to the different 

developments and uses for these products. Moreover, several studies on market 

integration, using cointegration and error correction techniques, have been conducted on 

both the gas market and oil market (e.g., Sauer, 1994; Asche, et al., 2000; De Vany and 

Walls, 1993), but this kind of sophisticated econometric analysis has not been applied to 

the coal market. The above motivates a thorough empirical investigation for both steam 

and coking coal in order to test the hypothesis of a single economic market for 

internationally traded coal. 

 

3. Cointegration and Error Correction Models 

The theory of price correlation was explicitly formulated by Stigler (1942: 92), when he 

defined a market as “the area within which the price of a good tends to uniformity, 

allowances being made for transportation costs”. Stigler and Sherwin (1985) linked the 

statistical tests for price correlations to market integration, when they proposed 

examining price correlation as a test for market integration. Slade (1986) extended the 
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analysis, when suggesting Granger causality tests as tests of market integration. The use 

of cointegration tests, as a tool for analyzing market integration, was proposed by deVany 

and Walls (1993). They argued that the long run equilibrium level that is present when 

price series are cointegrated, serves as an explanation that the price series are integrated 

into one single market. When long term cointegrating vectors are present in the model, 

these relationships are integrated into error correction models, which can be used to 

explore the dynamics of the short run price adjustment process. Werden and Froeb 

(1993) criticize the use of price tests for defining market integration. However, time 

series analysis has grown to be more sophisticated during recent years, and some of the 

problems put forward by Werden and Froeb, e.g. spurious correlation, have effectively 

been reduced when using error correction models, and examining the price adjustment 

process.  

 

The examination of market integration in the international coal market follows two 

equally important steps. First, the cointegration relationship is investigated in order to 

determine whether the price series show evidence of stable long run relationships. The 

finding of cointegration is however not sufficient to verify that two regions belong to the 

same market (Gjolberg, et al., 1996). It is also necessary to investigate the price 

adjustment process, where significant reactions and responses to different price shocks 

can be recognized. The price adjustment is considered a short run process and represents 

the second step in the examination of market integration. The analysis of the speed and 

strength of the adjustment back towards the long run equilibrium level will help to 

determine the level of market integration. Before the implementation of the error 

correction model, it is necessary to test for non-stationarity among the price series. This 

procedure is explained next, followed by the methods used for long run and short run 

estimations of the model. 

 

3.1 Stationarity and the Unit Root Process 

The error correction model takes into consideration that many time series follow a non-

stationary process. This implies that the series contain a unit root, indicating that the 

variances of the series become infinite over time. If this is the case traditional 
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econometric models will not produce accurate estimates, since these models assume that 

both the mean and variance of the time series are constant over time (Hendry, 1986). 

Attempts to overcome this problem have generally involved first differencing the time 

series, producing stationary series that are integrated of order one I(1) that possess the 

constant mean and variances properties (Greene, 1993). A critical problem when using 

differencing in order to create stationary time series is that valuable information about the 

long run relationship between the series will be lost. The long run equilibrium 

relationship represents the notion that some variables in an economic model are 

cointegrated. If these series are differenced, this long run relationship will not be 

accounted for and, hence, the model will only explain the short run effects (Engle and 

Granger, 1987).  

 

In order to illustrate the unit root process, consider the following time series of prices (pt) 

and its first-order autoregressive process: 

 

ttt ptp ερβµ +++= −1 ,    (1) 

 

where tε  is a white noise disturbance term, ρ is the autoregressive parameter, and t 

represents time. This model is an autoregressive model that can be tested for, with or 

without the inclusion of a constant and a time trend, represented by µ  and tβ  in 

equation (1). These are relevant and will be accounted for in the results, but when 

explaining the overall procedure I will ignore their existence. The price series is 

stationary if ρ is less than one in absolute value. If ρ = 1, the price series is non-stationary 

and consists of a unit root, which causes the variance of the time series to become infinite 

with time. If, on the other extreme, ρ = 0, the autoregressive process is integrated of order 

one, I(1), and the time series is considered stationary. Time series sometimes need to be 

integrated of higher orders, but since this is not the case in this study it will not be 

explained in detail here (Greene, 1993). 
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In order to test for a unit root Dickey and Fuller (1979) proposed the following 

procedure, which is based on a reformulation of equation (1), performed by subtracting 

1−tp  from both sides of the equation. 

 

ttt ptp εγβµ +++=∆ −1 ,    (2) 

 

where the term γ  represents ρ - 1, and the null hypothesis is H0: γ = 0. The test is 

conducted using Monte Carlo simulations. A relatively severe setback of the Dickey-

Fuller (DF) test is, however, that in the case of autocorrelated disturbances, the distortion 

of the uncorrected DF test can be relatively significant. The augmented Dickey-Fuller 

(ADF) test adjusts for this, since it incorporates higher-order autoregressive moving 

average (MA) processes in the disturbance term: 

  

t

n

k
ktktt pptp εφγβµ +∆+++=∆ ∑

=
−−

1
1 ,   (3) 

 

where k represents the lag length. This test is the most commonly used when testing for 

unit roots, and it will be applied in this paper. After establishing the presence of non-

stationary price series, tests for cointegration follow. The next section gives the 

theoretical and practical background for understanding the cointegration relationship, as 

well as the mechanism for error correction.  

 

3.2 Cointegration and Error Correction Models 

Consider two price series, pi and pj, that by themselves are non-stationary and must be 

differenced once to generate stationarity. A linear transformation of the two original 

series can though result in a series tε  that is stationary, I(1):5 

 

ttitj pp εβα =−− ,,     (4) 

                                                 
5 This is only true if pi and pj are integrated of the same order, in this case integrated of order one (Greene, 
1993).  
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If this linear transformation exists between pi and pj, the time series are considered 

cointegrated since the regression indicates that the difference between the time series, 

titj pp ,, β− , is varying at random around a fixed level (Engle and Granger, 1987). When 

this is the case, it is possible to distinguish between a long run and a short run 

relationship between pi and pj. The long run relationship captures the cointegration 

relationship, in which the series move together around a fixed level. The short run 

relationship describes deviations of pi and pj from their long run trends. The vector [1, 

β− ] in equation (4) captures the cointegration relationship between the two price series. 

When cointegration between time series is evident there is an indication of a single 

market. 

 

The model that differentiates between a long run and a short run relationship for time 

series analysis has been widely known as the error correction mechanism (ECM) model 

(Engle and Granger, 1987). When non-stationary variables in a model are verified as 

cointegrated, the following ECM model can be derived:  

 

ttktiiktjjtj ECppp εδββα ++∆+∆+=∆ −−− 1,,, ,  (5) 

 

where k represents the lag length and the error-correction term is represented by 1−tEC , 

which adopts the following form: 

 

 1,1,1 −−− −−= titjt ppEC βα    (6) 

 

This term captures the deviation from long-run equilibrium, and the coefficient δ  in 

equation (5) measures the speed of adjustment, which indicates how long it takes for the 

time series to move back to the equilibrium level in case of a price shock in one region. 

The coefficients βi and βj represent the short run counterparts to the long run solution in 

equation (6).  
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When testing for cointegration there are two tests that are usually employed in the 

literature, the Engle and Granger test (Engle and Granger, 1987) and the Johansen test 

(Johansen, 1988; 1991). The Engle and Granger test uses a standard ordinary least square 

(OLS) estimation, where the residuals from the OLS are tested for stationarity. When this 

is the case, the residuals from the cointegrating relation are incorporated in the ECM 

model and the equation then only consists of stationary variables, so standard estimation 

procedures can be applied (Dolado et al., 1990). The advantage of this test is that it is 

relatively simple to employ and estimate. The disadvantages are that it includes only one 

cointegrating vector. In order to overcome this, Johansen (1988) generalized the Engle 

and Granger test to identify multiple likely cointegrating relationships in a model. 

However, since this study only looks at prices in two areas, Europe and Japan, there is no 

need to include more than one cointegrating relationship and therefore the Engle and 

Granger test will be employed.6 

 

4. Results for the International Coal Industry 1980-2000  

The data used for this study represent quarterly import prices for coking coal and steam 

coal from the first quarter in 1980 to the third quarter in 2000, for the two dominating 

geographical markets for internationally traded coal, Europe and Japan. They have been 

collected from the International Energy Agency’s (IEA’s) quarterly publication Energy 

Prices and Taxes, and represent import CIF prices in US Dollars/ton, including the sum 

of cost, insurances and freight. Monthly or weekly data would have been preferred given 

that short run responses provide finer results due to closer observations, but since coal 

prices are in many cases set in long term contracts (adjusted every year) quarterly data 

should be sufficient for recognizing the short run adjustment process. The econometric 

model outlined in section 3 will be employed in logarithmic form.7 The results for the 

                                                 
6 A similar investigation of market integration in the international coal market has been conducted when 
using the Johansen method. The results from this research effort do not differ significantly from those when 
using the Engle and Granger test. See Wårell (2002).  
7 Logarithmic form prevents that growth rates depend on the levels of the price series (Hendry and Juselius, 
2001). The coefficients also become easier to interpret, since they are scale-invariant. One problem with the 
log-form is, though, that the prices are not quoted as they are in arithmetic form. However, the arithmetic 
form assumes either perfectly integrated markets or no market integration at all. The most likely outcome is 
something in between, something which thus the log-linear form accounts for.   
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two separate markets, coking coal and steam coal, are presented after testing for the 

general condition of unit root. The section ends by investigating changes over time in 

both markets. 

 

4.1 Unit Root and Non-stationarity 

The first step in finding evidence of cointegration relationships among price series is to 

test for unit roots. This procedure identifies non-stationarity among price series in levels, 

and stationary series after first differencing, which is a necessary condition for 

cointegration. I perform the Augmented Dickey Fuller (ADF) test, which takes the 

presence of unit root as the null hypothesis H0: γ = 0. Table 3 presents the relevant 

statistics for the price series in Europe and Japan, both for coking coal and steam coal. 

When using the ADF test it is important to specify the number of lagged terms to add to 

the test regression. It is most common to include lags sufficient to remove any serial 

correlation in the residuals. Presented in Table 3 are the results of the ADF test with four 

lags, as well as the results when using no lag, as is indicated by the parentheses. 

 

The ADF regressions are conducted for two different models. The first includes an 

intercept, and the second includes both an intercept and a linear deterministic trend. It is 

worth noting that the model including a linear deterministic trend is only applicable for 

analyzing levels, since first differencing most likely removes any possible deterministic 

trend. The conclusion of one unit root, series integrated of order one I(1), stems from the 

failure to reject unit root in levels, but rejecting the test in first differences. The results for 

coking coal and steam coal, presented in Table 3, show that it is not possible to reject the 

hypothesis of unit root in levels, in either Europe or Japan. This conclusion holds both for 

tests that include a constant or a constant and a linear trend, but not always when 

including four lags. However, since the four lag lengths are not statistically significant, 

and therefore do not indicate the correct statistics, the results using no lag lengths are 

chosen. When looking at the results from first differencing, we can see that it is possible 

to reject the hypothesis of a unit root for all tests, at least when using no lag lengths. 

Thus, the series that are non-stationary in levels becomes stationary after the first 
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difference. Tests for cointegration can therefore be conducted both for coking coal and 

steam coal.  

Table 3 

Augmented Dickey Fuller (ADF) Test for Unit Root 

 COKING COAL STEAM COAL 

Europe Level First 
Difference 

Critical 
Value* 

Level First 
Difference 

Critical 
Value* 

Constant -1.38 (4)     -3.60 (4)** -2.90 -2.48 (4) -3.61 (4) -2.90 

Constant -1.20 (0) -9.13 (0) -2.90 -0.82 (0) -8.85 (0) -2.90 

Constant + trend -2.35 (4) -3.56 (4) -3.47 -3.60 (4) -3.49 (4) -3.47 

Constant + trend -2.36 (0) -9.11 (0) -3.47 -2.20 (0) -8.82 (0) -3.47 

Japan       

Constant -0.60 (4) -2.42 (4) -2.90 -2.40 (4) -3.91 (4) -2.90 

Constant 1.23 (0) -7.16 (0) -2.90 -0.23 (0) -6.93 (0) -2.90 

Constant + trend -2.33 (4) -2.54 (4) -3.47 -3.19 (4) -3.77 (4) -3.47 

Constant + trend -0.91 (0) -7.35 (0) -3.47 -2.11 (0) -6.89 (0) -3.47 

* The 95 % confidence level is reported, collected from EViews and generated by Monte Carlo simulations. 
** Bold numbers show that the null hypothesis H0: γ = 0 can not be rejected. 
 

4.2 Cointegration Results for Coking Coal 

The Engle and Granger test uses a standard OLS estimation for the long run relationship 

between the two price series. In order to conclude that the price series are cointegrated, 

the residuals from the OLS estimation have to obey stationarity. When this is the case, 

the residuals from the cointegrating relationship are incorporated in the ECM model and 

the equation then only consists of stationary variables, so standard estimation procedures 

can be applied (Dolado et al., 1990).  

 

The cointegrating regression of prices in Japan (PJ) on prices in Europe (PE) and a 

constant was run. The result, normalized on Europe, has the following representation:8 

 

 PE = 1.04 + 0.75PJ                         (7) 

        (-7.66)  (-22.5) 

                                                 
8 Pesharan and Smith (1999) discuss the necessity of an identifying restriction that normalizes the 
coefficient of one variable to equal one.  
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Equation (7) indicates that when the price in Japan rises by one percent, the 

corresponding long run increase in the European price level is 0.75 percent (with a R2 of 

0.86 and a Durbin-Watson statistics of 0.85). The values in the parentheses represent the 

t-statistics, which indicate that the coefficients for the intercept and prices in Japan are 

statistically significant. An economic interpretation of the intercept term is that it 

represents the price differences between the time series in the long run, which in the case 

of coal incorporates transportation costs and quality differences. The sign indicates that 

the price level in Japan is lower than the price level in Europe, as is also evident when 

looking at Figure 2. The lower price level in Japan is also likely to be due to the market 

situation and the relative strength of producers/consumers in the price negotiations.  

 

To test for cointegration the residuals from Equation (7) have to obey stationarity. This 

implies that the residuals have to reject the null hypothesis of “no-cointegration” 

according to the test statistics given by the ADF test. Regressing the change in the 

residuals on past levels and four lagged changes, the ADF test statistic is -2.78, which is 

close to the 5 percent critical value of -2.89. However, since the lags are not significant a 

DF test (using no lags) is run and the equivalent test statistic is -4.52, which is 

statistically significant at the 1 percent level. This implies that the price series in Japan 

and Europe are cointegrated. To strengthen this result, the same procedure was repeated 

for the reverse regression. The result, normalized on Japan, is presented in Equation (8): 

 

 PJ = -0.63 + 1.15PE                         (8) 

        (-3.03)  (-22.5) 

 

Equation (8) shows the reverse relationship; thus when the price in Europe rises by one 

percent, the corresponding long run increase in the Japanese price level is 1.15 percent 

(with a R2 of 0.86 and a Durbin-Watson statistics of 0.76). When regressing the change in 

the residuals on past levels and four lagged changes, the ADF test statistic is -1.9, but 

given that the lags are not significant a DF test is run and the test statistic now is -3.9, 

which is statistically significant at the 1 percent level. The reverse regression thus also 
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shows that the price series in Europe and Japan are cointegrated, and thus the error 

correcting dynamics can be tested for. 

 

The error correction model used is given in equation (9). The chosen lag length in 

equation (9) is four, which will permit an analysis of how the prices adjust to changes up 

to four quarters. However, if the lags are not statistically significant models with less lag 

lengths will be regressed until a good fit is pertained. The dependent variable is Europe in 

equation (9), but an estimation using Japan as the dependent variable has also been 

performed. We have thus: 
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where bJ and bE is the estimated short run counterparts to the long run solution in 

equation (7), and δ represents the speed of adjustment parameter, which indicates how 

fast the prices moves back towards long run equilibrium in case of a deviation in the 

previous time period. Table 4 presents the estimated values of these parameters, using 

both prices in Europe and Japan as the dependent variable. The lag length in the model is 

two, which provide results for short run responses one quarter.  

 

Table 4 

Error Correction Estimates (Coking Coal) 

 EUROPE JAPAN 

Coefficients bE bJ δE bJ bE δJ 

Estimate 0.03 0.41* -0.38* 0.20*** 0.09 -0.03 

t-values (0.28) (2.58) (-3.20) (1.69) (0.97) (-0.47) 

         *Bold numbers indicate statistical significance at * 1 % level, ** 5 % level, and *** 10 % level. 

 

The results using prices in Europe as the dependent variable indicate that a one percent 

increase of prices in Japan the preceding period yields a 0.41 percent increase of the price 

level in Europe the present time period. This result is statistically significant, and 

suggests that the prices in Europe are reacting to price changes in Japan the previous time 



 23 

period. The result of a price change in the own region the preceding time period is 0.03, 

and not statistically significant. The speed of adjustment parameter is statistically 

significant and implies that a deviation from the long run equilibrium in Japan the 

preceding time period, is adjusted for by 38 percent in Europe the following quarter. 

Turning the attention to the results when using Japanese prices as the dependent variable 

we can see that none of the short term response parameters are statistically significant. In 

the case of cointegration there should be Granger-causation in at least one direction 

(Mehra, 1994). Since the adjustment parameter, δJ, is not statistically different from zero, 

but δE is, the results are consistent with the presence of Granger-causality. The direction 

of the causality is that prices in Japan Granger-causes prices in Europe. This result 

indicates that Japan acts as a price leader and Europe acts as a price follower in the 

coking coal market. 

 

When summarizing the results for coking coal, it is evident that the prices in Europe and 

Japan are cointegrated, and therefore follow a long run relationship. This result supports 

the hypothesis of an integrated world market for coking coal. When examining the short 

run responses to the long run equilibrium, the conclusions about the degree of market 

integration are indecisive. The results are pointing towards the Japanese market as a price 

leader, since their price does not adjust to changes in the European price level. This result 

is consistent with the fact that prices in Asia generally are set before the prices in Europe, 

as discussed in section 2. The speed of adjustment parameter is relatively high; the 

adjustment to price shocks in Japan the preceding period will be adjusted for by almost 

40 percent in Europe the following period. 

 

4.3 Cointegration Results for Steam Coal 

The tests for cointegration and error correction for the steam coal market follow the same 

general procedure as for coking coal. The cointegrating regression of prices in Japan (PJ) 

on prices in Europe (PE) and a constant was run. The result, normalized on Europe, have 

the following representation: 
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 PE = 0.30 + 0.91PJ                         (10) 

        (2.00)  (23.39) 

 

Equation (10) indicates that when the price in Japan increases by one percent, the 

corresponding long run increase in the European price level is 91 percent (with a R2 of 

0.87 and a Durbin-Watson statistics of 0.70). The t-statistics indicate that the coefficients 

for the intercept and prices in Japan are statistically significant. Compared to the coking 

coal market, it is evident that the price series concerning steam coal are more closely 

related. A one percent increase in the Japanese price level imply, in the case of coking 

coal, a 0.75 percent increase in the European price level, compared to a 0.91 percent 

increase in the case of steam coal.   

 

To test for cointegration the residuals from Equation (10) have to obey stationarity. This 

implies that the residuals have to reject the null hypothesis given by the ADF test. When 

regressing the change in the residuals on past levels and four lagged changes, the ADF 

test statistic is -2.97. Since the lags are not significant a DF test is run and the equivalent 

test statistics is -4.82 which is statistically significant at all significance levels. This 

implies that the price series in Japan and Europe are cointegrated. The same procedure 

was repeated for the reverse regression. The result, normalized on Japan, is presented in 

Equation (11): 

 

 PJ = 0.21 + 0.95PE                         (11) 

        (1.35)  (23.39)  

 

Equation (11) shows that when the price in Europe rises by one percent, the 

corresponding long run increase in the Japanese price level is 0.95 percent (with a R2 of 

0.86 and a Durbin-Watson statistics of 0.76). When regressing the change in the residuals 

on past levels and four lagged changes, the ADF test statistic is -2.64, but given that the 

lags are not significant a DF test is run and the test statistic now is -4.65 which is 

statistically significant at the one percent level. The reverse regression thus also shows 

that the price series in Europe and Japan are cointegrated, and thus the error correcting 
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dynamics can be tested for. The error correction model is once again performed as 

outlined in equation (9). Table 5 presents the estimated values of these parameters, using 

both Europe and Japan as the dependent variable. The results using Europe as the 

dependent variable show that none of the short run response parameters are statistically 

significant at an acceptable significance level. The effect of a one percent increase of the 

price level in Japan the preceding period does indicate that the price level in Europe 

increases by 0.25 percent the present quarter. 

 

Table 5 

Error Correction Estimates (Steam Coal) 

 EUROPE JAPAN 

Coefficients bE bJ δE bJ bE δJ 

Estimate 0.003 0.25*** -0.16 0.25* 0.21* -0.17* 

t-values (0.20) (1.78) (-1.38) (2.76) (2.33) (-2.41) 

           * Bold numbers indicate statistical significance at * 1 % level, ** 5 % level, and *** 10 % level. 

 

The result using Japan as the dependent variable indicates that a one percent increase of 

prices in Europe the preceding period yields a 0.21 percent increase of the price level in 

Japan the present time period. This result is statistically significant, and suggests that the 

prices in Japan are reacting to price changes in Europe the preceding time period. The 

result of a price change in the own region the preceding time period is 0.25, which also is 

statistically significant. The speed of adjustment parameter is 0.17 when using Japan as 

the dependent variable. This means that a deviation from the long run equilibrium level in 

Europe the preceding time period, is adjusted for by 17 percent in Japan the following 

time period. Since only one of the speed of adjustment parameters is statistically 

significant, there is again evidence of Granger-causality. The results for the steam coal 

market imply that prices in Europe Granger-cause prices in Japan. This result might be an 

indication that it is Europe that acts as a price leader in the steam coal market, and not 

Japan as in the coking coal market.  

 

The results from the cointegration and error correction models considering steam coal, 

indicate that the level of market integration between the European market and the 
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Japanese market is strong. The prices follow a stable long run relationship, which almost 

points towards a perfect relationship between prices in Europe and Japan. When 

examining the short run response, given by the adjustment towards the long run 

equilibrium, the results are consistent with the conclusion that European prices Granger-

cause Japanese prices. This result may be explained by the timing of price negotiations, 

since steam coal prices in Europe normally are settled before the prices in Japan (see 

section 2). Notable is though that the short run responses to price changes are lower for 

steam coal than for coking coal given a speed of adjustment of 17 percent, compared to 

38 percent in the case of coking coal. This might be explained by the fact that coking coal 

prices are higher than those for steam coal, and transportation costs constitute a lower 

proportion of total costs. However, the overall conclusion on which of the two markets 

that appears to be more integrated than the other is indecisive given that the long run 

price correlation and the short run responses do not point in the same direction. 

 

4.4 Market Integration over Time 

In order to investigate whether the coal markets have experienced increased market 

integration over time, the price series have been separated into two time periods. The first 

period represents price data from quarter one in 1980 to quarter four in 1989, and the 

second time period represents prices from quarter one in 1990 until quarter three in 2000. 

The selection of 1990 as the breakpoint, besides it being the midpoint in the series, is 

motivated also by two empirical observations. 

 

First, large structural changes occurred in Europe after 1990, and these have had a great 

impact on the coal industry. Before the 1990s the European coal market was highly 

subsidized, mainly due to security of supply concerns and the fact that European coal 

producers could not compete with low cost producers in other parts of the world. A 

policy change, towards a more cost efficient market approach that involves decreasing 

subsidies for coal, was implemented both in Eastern Europe and in Western Europe 

during the 1990s. In Eastern Europe, where the Socialist economic regimes were replaced 

by more market-oriented regimes, the change was a natural cause in adapting to the 

West-European standards, and affected the coal industries for the large producers in 
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Poland and Czechoslovakia substantially (e.g., Radetzki, 1995). This policy change has 

not been as clear-cut in Western Europe, but there has been a strong tendency towards 

privatization of state-managed economic activities and liberalization of trade (especially 

within the European Union) that initiated rationalization programs to coal production in 

many Western European countries (Radetzki, 1994).  

 

Second, the changes in the contractual arrangements for the coal industry were mainly 

introduced during the 1990s. In 1991 the MCIS (McCloskey Coal Information Services), 

functioning as a marker-price to spot prices in North-West Europe, was first published, 

and in 1992 the TaiPower, the Asian equivalent of MCIS, was introduced. Since then 

there has been a movement away from five-year contracts towards contracts that are 

characterized by a shorter perspective, such as spot prices and contracts that are 

renegotiated annually. It is worth noting that this development has been most significant 

regarding steam coal, mainly due to the more developed steam coal market and because 

industries using coking coal are more dependent upon a specific coal quality (IEA, 2000).  

 

The general procedure of the error correction analysis, separated into two time periods, is 

the same as outlined in sections 4.1-4.3. The first step in finding evidence of 

cointegration relationships among price series is to test for unit roots. The results from 

the DF-tests indicate that the price series are non-stationary in levels, and becomes 

stationary after first differencing.9 Tests for cointegration can therefore be conducted both 

for coking coal and steam coal in the two time periods. Before estimating the long run 

and short run relationships it is however of interest to determine whether it is at all 

statistically motivated to run the error correction models when dividing the price series 

into two time periods. In order to determine this, a Chow test was conducted. This test 

verifies if the improvement in the fit due to the break up of the sample is statistically 

significant or not (Dougherty, 1992). The F-statistic is 6.03 for steam coal and –1.87 for 

coking coal. Given a critical value of 3.15, these results imply that separating the price 

series into two time periods is motivated concerning steam coal but not for coking coal. 

Thus, only for steam coal the Chow test rejected the null hypothesis that the two sub-
                                                 
9 The DF-test results for the separated time periods are presented in the Appendix. 
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samples could be combined into one single error correction model. As a consequence, the 

following estimations of the error correction model can only be motivated for the steam 

coal market. However, the results from both coking coal and steam coal will be presented 

in the paper. 

 

4.4.1 Results for Coking Coal 

The cointegrating regression of prices in Japan (PJ) on prices in Europe (PE) and a 

constant, as well as the reverse relationship, was run. The results for coking coal, 

separated in the two time periods, are presented in Table 7.  

 

Table 7 

The Long Run Cointegration Results for Selected Time Periods (Coking Coal) 

COKING COAL 1980Q1-1989Q4 1990Q1-2000Q3 

 Japan Intercept Japan Intercept 

Estimate 1.01 -0.05 0.67 1.37 

t-values (16.05) (-0.18) (19.36) (9.96) 

 Europe Intercept Europe Intercept 

Estimate 0.86 0.57 1.34 -1.45 

t-values (16.05) (2.57) (19.36) (-5.18) 

 

The results for the 1980s indicate that the price correlation between the two areas is 

strong. The results for the following time period imply that the price levels are not as 

correlated. The results also show that the price level in Japan is less than the price level in 

Europe in the 1990s, which also can be confirmed when studying Figure 2. The 

conclusion from the results is thus that the prices for coking coal have not become more 

integrated over time, rather the reverse situation is illustrated. To test for cointegration 

the residuals from the regressions presented in Table 7 have to obey stationarity. The 

results from the regressions are presented in the Appendix, and they show that all series, 

when regressing past levels and no lagged changes, obey stationarity. This implies that 

the price series in Japan and Europe for both time periods are cointegrated, and thus that 

Error Correction estimates can be employed.  
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The error correction model, which produces estimates for the speed of adjustment 

parameter and short run responses, is performed as outlined in equation (9). Table 8 

presents the estimated values of these parameters, using both Europe and Japan as the 

dependent variable. The results for the 1980s show that none of the short run response 

parameters are statistically significant at an acceptable significance level.  

 

Table 8 

Error Correction Estimates for Selected Time Periods (Coking Coal) 

COKING COAL EUROPE JAPAN 

1980Q1-1989Q4 bE bJ δE bJ bE δJ 

Estimate -0.008 0.43 -0.39 0.20 0.03 -0.24 

t-values (-0.04) (1.45) (-1.60) (1.18) (0.23) (-1.66) 

1990Q1-2000Q3 bE bJ δE bJ bE δJ 

Estimate 0.28*** 0.34** -0.60* 0.33*** -0.07 -0.22 

t-values (1.75) (2.23) (-3.39) (1.88) (0.66) (-1.50) 

           * Bold numbers indicate statistical significance at * 1 % level, ** 5 % level, and *** 10 % level. 

 

The results for the 1990s seem to indicate a stronger relationship between the price series 

in Europe and Japan. When using Europe as the dependent variable, all short run 

variables are statistically significant at all conventional significance levels. The effect of 

a one percent increase of the price level in Japan the preceding period indicates that the 

price level in Europe increases by 0.34 percent the present quarter. The effect of a change 

in the own price level in the preceding period is 28 percent increase in the price level the 

present quarter. The speed of adjustment parameter indicates that the prices move back to 

the long run equilibrium by 60 percent in the first quarter after the price shock, something 

which is to be considered a relatively strong adjustment. The results when using Japan as 

the dependent variable indicate that the effect of a price change in the own region the 

preceding quarter results in an increase by 33 percent this time period. The other 

variables are not statistically significant, which indicates that prices in Japan Granger-

causes prices in Europe. This result is in line with the results concerning coking coal 

when employing the whole time period in the regression. 
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The results from the cointegration regressions over time regarding coking coal do not 

indicate stronger market integration over time, at least when analyzing the long run 

correlation between the price series in Europe and Japan. However, the price series in 

Japan and Europe are cointegrated both time periods, which indicate the presence of a 

unified economic market. Moreover, the short run error correction estimates point 

towards a faster adjustment towards the long run equilibrium level in the 1990s, which is 

an indication of more market integration over time. However, one should be cautious 

when analyzing the results given that it is not statistically motivated to run the error 

correction model for coking coal when dividing the price series into two time periods 

 

4.4.2 Results for Steam Coal 

The same procedure has been conducted for the steam coal market. The results for steam 

coal, separated in the two time periods, are presented in Table 9. The results for the 1980s 

indicate a relatively strong price correlation, however it is evident that the price levels 

have become more integrated over time. This is evident especially when regressing prices 

in Japan on prices in Europe, given that a one percent increase in the price level in Japan 

yields a 0.99 percent increase in the European price level in the long run in the 1990s 

compared to 0.76 percent in the 1980s. This implies that the prices are almost perfectly 

correlated with each other in the 1990s.   

 
Table 9 

The Long Run Cointegration Results for Selected Time Periods (Steam Coal) 

STEAM COAL 1980Q1-1989Q4 1990Q1-2000Q3 

 Japan Intercept Japan Intercept 

Estimate 0.76 0.93 0.99 -0.01 

t-values (15.01) (4.66) (18.58) (-0.07) 

 Europe Intercept Europe Intercept 

Estimate 1.13 -0.48 0.90 0.42 

t-values (15.01) (-1.62) (18.58) (2.28) 

 

To test for cointegration the residuals from the regressions presented in Table 9 have to 

obey stationarity. The results from the regressions are presented in the Appendix. When 

regressing the change in the residuals on past levels and no lagged changes, the results 
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show that in the 1980s the residuals obey stationarity. This implies that the price series in 

Japan and Europe are cointegrated in the 1980s, and thus that Error Correction estimates 

can be employed. However, when turning the attention to the 1990s, where the price 

series are more correlated, we cannot find evidence of cointegration.  

 

The error correction model is performed as outlined in equation (9). Table 10 presents the 

estimated values of these parameters, using both Europe and Japan as the dependent 

variable. The results for the 1980s, when using Europe as the dependent variable, show 

that none of the short run response parameters are statistically significant at an acceptable 

significance level. When using Japan as the dependent variable the results show that the 

effect of a one percent increase of the price level in the own region the preceding period 

will lead to an increase in the price level by 0.27 the present quarter. The speed of 

adjustment parameter indicates that the prices move back to the equilibrium level by 29 

percent after the first quarter. The results from the 1990s should not be interpreted given 

that the residuals do not obey stationarity.  

 

Table 10 

Error Correction Estimates for Selected Time Periods (Steam Coal) 

STEAM COAL EUROPE JAPAN 

1980Q1-1989Q4 bE bJ δE bJ bE δJ 

Estimate 0.03 0.22 -0.31 0.27** 0.16 -0.29** 

t-values (0.16) (1.25) (-1.38) (2.25) (1.10) (-2.29) 

1990Q1-2000Q3 bE bJ δE bJ bE δJ 

Estimate 0.20 0.28 -0.28*** 0.20 0.21 -0.01 

t-values (0.97) (0.98) (-1.78) (1.11) (1.67) (-0.14) 

           * Bold numbers indicate statistical significance at * 1 % level, ** 5 % level, and *** 10 % level. 

 

The results from the long run relationship between prices in Europe and Japan indicate 

stronger price correlation over time. However, when analyzing the cointegration 

relationship and the short run error correction estimates the test results are indecisive. The 

somewhat peculiar finding that steam coal prices for the 1990s are not cointegrated, even 

though the prices are closely correlated is difficult to explain. One likely explanation 
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might be that the prices used in the regression are based on customs unit values. Customs 

unit values are average values derived from customs’ administrations total volume and 

total value data. These data indicate broad price movements given that they reflect the 

contract terms and conditions under which the trade occurs. Preferable is therefore to use 

spot and tender prices that is reported in the trade press, given that these pertain to one 

time transactions, and thus reflect more short term market conditions. This provides a 

more accurate estimation of the price formation process.  

 

In order to try to explain the odd finding, a regression using spot and tender prices for 

steam coal during the 1990s has been conducted. Spot and tender prices before this time 

period are not available, which is why the previous regression has not used spot prices. 

Figure 4 shows quarterly averages of spot and tender prices collected by Taipower in the 

Asia Pacific market, and by MCIS in the European market, as well as the reported 

customs unit values of steam coal during the same time period. The figure indicates that 

the spot prices are mostly lower than the customs unit values, and also there seem to be 

larger differences between the two dominating regions. 

Figure 4 
Spot and Tender CIF Prices for Steam Coal
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The same procedure as earlier is applied. The ADF tests reject unit roots in levels, but not 

when first differencing, which implies that tests for cointegration can be applied. The 

results when regressing spot prices in Asia-Pacific on spot prices in Europe, and vice 

versa, are presented in Table 11. The results indicate that the long run prices in Europe 

and Asia-Pacific are not as correlated as when regressing customs unit values. The results 

show that when the price in Asia-Pacific increases by one percent, the corresponding long 

run increase in the European price level is 0.57 percent, compared to an almost perfect 

relationship in Table 9. The results when regressing prices in Europe on prices in Asia-

Pacific show a similar result. 

Table 11 

The Long Run Cointegration Results for Steam Coal Using Spot Prices 

STEAM COAL 1992Q1-2001Q2 

 Japan Intercept Europe Intercept 

Estimate 0.57 1.56 0.61 0.82 

t-values (5.64) (4.30) (5.64) (1.18) 

 

To test for cointegration the residuals from the regressions presented in Table 11 have to 

obey stationarity. However, when regressing the change in residuals on past levels, with 

or without including lagged changes, the test statistics cannot reject the null hypothesis of 

non-cointegration given that the residuals do not obey stationarity. The results therefore 

confirm the conclusion that steam coal prices are not cointegrated in the 1990s. This 

implies that the spot markets in Europe and Asia-Pacific cannot, according to the 

cointegration results, be considered as integrated in the 1990s. To conclude, the results 

for steam coal when analyzing market integration over time indicate a stronger price 

correlation in the 1990s, but the price series do not indicate cointegration, either when 

using custom unit values or spot and tender prices. However, one should be cautious 

when analyzing the results of market integration over time, both for steam coal and 

coking coal, given that the data set is reduced in half. A data set with fewer observations 

will be more sensitive than a data set with more observations. 
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5. Concluding Remarks 

The purpose of this paper has been to test the hypothesis of the existence of a single 

economic market for the international coal industry, and to investigate whether the 

industry has experienced increased market integration over time. This has been conducted 

by analyzing whether the price series in Europe and Japan, using quarterly data between 

1980 and 2000, are cointegrated. If a long run cointegrating relationship is present, it is 

also of interest for market integration purposes to analyze the short run responses to price 

deviations in the other region. In order to analyze market integration over time the same 

analysis has been conducted when dividing the data set into two separate time periods, 

the 1980s and the 1990s. 

 

The results, when examining the entire time period, show that both the coking coal and 

steam coal markets indicate the existence of a unified economic market, as demonstrated 

by the stable long run cointegrating relationship between the price series in the different 

world regions. The long run price correlation is significantly higher for steam coal than 

for coking coal. However, when analyzing the short run error correction estimates the 

results seem to indicate a faster adjustment towards the long run equilibrium level for 

coking coal than for steam coal. This result indicates that the conclusion about the level 

of integration for coking coal and steam coal is indecisive. Noteworthy is that the short 

run price adjustments are only significant from one direction, both for coking coal and 

steam coal. In the coking coal market, the results are consistent with Japan as a price 

leader, and in the steam coal market, Europe acts as a price leader. This result may be 

explained by the timing of price negotiations, where the Japanese prices are normally 

settled before the European prices concerning coking coal, and vice versa for steam coal. 

 

In order to test for market integration over time, the price series data are separated into 

two time periods. The structural break in 1990 is confirmed for steam coal when using a 

Chow test, but not for coking coal. However, the results for coking coal indicates that the 

markets are cointegrated in both time periods, but that the long run price correlation is 

lower in the 1990s than in the 1980s. When analyzing the short run error correction 

estimates the results seem to point towards in the opposite direction given that there is a 
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faster adjustment towards the long run equilibrium level in the 1990s. This result 

indicates that the market have become more integrated over time. The result of strong 

short run adjustments for the coking coal market might be explained by the fact that 

prices of coking coal are higher than of steam coal, and hence transportation costs a lower 

proportion of total costs, and thus one would expect more integration in the coking coal 

market. The results regarding steam coal show that the price correlation is stronger in the 

1990s than in the 1980s. However, since cointegration cannot be confirmed in the latter 

time period the conclusion of a single economic market cannot be maintained. 

Furthermore, when conducting the same regression using spot prices, the price series do 

not indicate cointegration. It is though important to be aware of that the regressions of the 

shorter time periods do not contain as many data points, and it would be interesting to 

conduct the same regressions when using monthly or weekly data.  

  

A policy implication of the finding that the steam coal market cannot be considered 

cointegrated in the 1990s, is that mergers and acquisitions during this period would add 

more to the merged companies’ market power, as the same activity during the 1980s. 

This implies that the wave of mergers and acquisitions during the 1990s, which has 

increased the concentration on the market, may have led to a certain market power, i.e., 

price premium, for these companies. In the coking coal market the situation is somewhat 

different. There are tendencies towards greater integration, given that the short run 

adjustment for the prices has increased in the 1990s, and thus the possibility that a given 

merger would result in non-competitive pricing has therefore likely decreased during the 

1990s.  

 

An important caveat of the error correction model is that it is sensitive to the different 

specifications that are necessary for estimating the relevant coefficients. Because of this 

all results should be treated cautiously, and reliant upon the specified levels and orders. It 

is therefore important to note that the results produced in this paper needs to be 

reinforced by the use of other methods in order to provide a more comprehensive analysis 

of market integration in the international coal market. The error correction model 

produces necessary conditions for market integration, but these are not sufficient for 
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concluding that the market is fully integrated. It is therefore important to undertake 

further research concerning market integration, preferably using alternative research 

methods. 
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Appendix: Unit Root Test Results for Selected Time Periods 

 

Dickey Fuller (DF) Test for Unit Root 

1980Q1-1989Q4 COKING COAL STEAM COAL 

Europe Level First 
Difference 

Critical 
Value* 

Level First 
Difference 

Critical 
Value* 

Constant -1.30 (0)     -6.55 (0)** -2.94 -1.20 (0) -6.59 (0) -2.94 

Const + trend -2.48 (0) -6.46 (0) -3.53 -1.79 (0) -6.50 (0) -3.53 

Japan       

Constant -0.84 (0) -4.85 (0) -2.94 -1.15 (0) -4.80 (0) -2.94 

Const + trend -2.04 (0) -4.74 (0) -3.53 -2.60 (0) -4.65 (0) -3.53 

1990Q1-2000Q3 COKING COAL STEAM COAL 

Europe Level First 
Difference 

Critical 
Value* 

Level First 
Difference 

Critical 
Value 

Constant -0.33 (0) -5.72 (0) -2.93 -0.60 (0) -5.48 (0) -2.93 

Const + trend -2.09 (0) -5.83 (0) -3.52 -1.72 (0) -5.43 (0) -3.52 

Japan       

Constant -1.58 (0) -5.36 (0) -2.93 1.01 (0) -4.68 (0) -2.93 

Const + trend -0.21 (0) -5.84 (0) -3.52 -0.73 (0) -4.91 (0) -3.52 

* The 95 % confidence level is reported, collected from Eviews and generated by Monte Carlo simulations. 

** Bold numbers indicate that the null hypothesis H0: γ = 0 cannot be rejected. 

 

 

 

Augmented Dickey Fuller (ADF) Test for Stationarity (Coking Coal) 

COKING COAL 1980Q1-1989Q4 1990Q1-2000Q3 

Europe Level Critical 
Value* 

Level Critical 
Value* 

4 lags + constant -2.11 -3.63 -3.76 -3.63 

0 lags + constant     -3.96** -3.61 -4.19 -3.61 

Japan     

4 lags + constant -1.89 -3.63 -2.71 -3.63 

0 lags + constant -3.71 -3.61 -4.65 -3.61 

* The 95 % confidence level is reported, collected from Eviews and generated by Monte Carlo simulations. 

** Bold numbers indicate that the null hypothesis H0: γ = 0 cannot be rejected. 
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Augmented Dickey Fuller (ADF) Test for Stationarity (Steam Coal) 

STEAM COAL 1980Q1-1989Q4 1990Q1-2000Q3 

Europe Level Critical 
Value* 

Level Critical 
Value* 

4 lags + constant -3.04 -3.63 -2.49 -3.61 

0 lags + constant     -4.32** -3.61 -2.59 -2.62 

Japan     

4 lags + constant -2.48 -3.63 -1.79 -3.61 

0 lags + constant -4.29 -3.61 -2.12 -3.59 

* The 95 % confidence level is reported, collected from Eviews and generated by Monte Carlo simulations. 

** Bold numbers indicate that the null hypothesis H0: γ = 0 cannot be rejected. 
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Abstract 

The purpose of this paper is to define the relevant economic market for steam and coking 

coal with the use of shipments data, and to test the hypothesis of a single world market 

for coal. Methodologically the paper relies on the so-called Elzinga-Hogarty method, 

which outlines two criteria for the existence of an economic market. Regarding coking 

coal the results indicate that the market is essentially global in scope, and also that the 

market has become more integrated over time. The results for steam coal show that the 

markets are more regional in scope, and there exist no clear tendencies of increased 

integration over time. These results are in line with evidence from cointegration and short 

run error correction estimates, based on price series data. In order to scrutinize the 

Elzinga-Hogarty method in more detail, some of the criticism towards the method is 

addressed empirically. The overall conclusion is that the method is not well equipped to 

detect potential market participation or potential anticompetitive behavior within a 

defined area (especially when there are large differences in the size of the market 

participants). Still, the Elzinga-Hogarty method is useful as a first step in market 

delineation analysis as it contributes to a good understanding of the prevailing product 

flow patterns. 

                                                 
* Generous financial support from the Swedish Competition Authority is gratefully acknowledged, as are 
helpful comments from Patrik Söderholm, Bo Jonsson, Marian Radetzki, James Griffin, and John Tilton. 



 

 1 

1. Introduction  

Recent developments in the coal industry have led many analysts to describe the market 

for internationally traded coal as a unified world market (e.g., Ellerman, 1995; 

Humphreys and Welham, 2000). The reason for this conclusion is mostly due to the large 

structural changes in the industry, such as the increase in demand due to the oil crises in 

the 1970s that produced significant increases in seaborne coal trade. According to 

Ellerman (1995) this development has integrated the previously separated, mainly 

national, coal markets into what can be described as a world market. The closely 

connected price movements in the geographically separated world regions provide 

additional support for this conclusion. However, the geographically disperse market 

regions in the international coal industry (i.e., the Asian-Pacific and the European-

Mediterranean), as well as the bulky nature of coal, and hence, large transportation costs, 

do, though, provide reasons to believe that the international market for traded coal still 

have regional tendencies.  

 

Lately the coal industry has experienced a number of mergers and acquisitions, which 

have produced a more consolidated market (Regibeau, 2000). This development has 

raised the concern for whether the new and larger companies can exert market power, and 

thus raise consumer prices. In order to determine whether this is a plausible scenario it is 

important to define the relevant market for coal, this since companies acting on a regional 

market is more likely to exert market power than would be the case in a world market. 

The aim of this paper is to define the relevant economic market for steam and coking coal 

with the use of shipments data, i.e., export and import quantities, and test the hypothesis 

of a single world market for coal. The analysis will be conducted for the time period 1978 

to 2000 in order to distinguish any changes in market integration over time.  

 

During recent years a large body of articles has been published on the topic of market 

integration and market definition in the minerals and energy industries. However, these 

articles have typically used sophisticated econometric techniques implemented on price 

series data (e.g., deVany and Walls, 1993; Sauer, 1994; Asche et al., 2001; Wårell, 2002). 

The use of price series data is however connected with a number of drawbacks when it 
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comes to market integration analysis. According to Werden and Froeb (1993) and 

Elzinga and Hogarty (1973) the use of price data is not an appropriate tool for antitrust 

analysis. There are primarily two reasons for this conclusion. First, it is often difficult to 

collect the correct prices as well as transportation costs for the products sold in the 

geographically separated markets, and conclusions based on poor data may be 

misleading. Second, even if it is possible that when prices for products sold in 

geographically separated markets tend to unity or follow the same trend they belong to 

the same economic market area, it does not necessarily have to be the case. For example, 

the prices in two distinct markets could exhibit the same movements even if it is 

coincidental, or caused by the price change of a common input factor, i.e., so-called 

spurious correlation. Given this situation, an assessment of price data would induce the 

wrong assumption of an integrated geographic market area, when in fact this is not the 

case (Werden and Froeb, 1993).  

 

There are however alternative methods for geographic market definition that avoid the 

use of prices, and instead focus on the product flows between different producers and 

consumers. The most commonly used method is a cluster analysis presented by Elzinga 

and Hogarty (1973). They propose an operational procedure that is highly intuitive, as 

well as consistent with economic theory, given that the product flows (in quantities) will 

capture all of the fundamental demand and supply shifts that affect prices. Therefore, the 

only data needed in order to estimate relevant market areas are, according to the authors, 

shipments data, and consumption and production data. The method proposed by Elzinga 

and Hogarty is often used in practice by antitrust authorities to delineate first-cut market 

regions. 

 

Besides the hypothesis of a world market, it is not a coincidence that coal is used as a 

case study in the analysis of geographic market definition in this article. Certain attributes 

make coal suitable for applying this methodology. Most importantly, coal is by nature a 

bulky product, and areas of production and consumption are clearly separated. Moreover, 

information on quantities of coal shipments is usually reliable and easily available. 

Finally, earlier studies have applied the same methodology on the coal market (Giffen 
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and Kushner, 1976; Shrieves, 1978; Elzinga and Hogarty, 1978). However, this literature 

focuses entirely on the US market for coal, and does not deal with the world market for 

internationally traded coal.  

 

The paper proceeds as follows. The next section will focus on the development of the 

international market for coal from the 1970s and onwards. This section will analyze 

separately the developments of steam and coking coal due to their different end-uses and 

the structure of these markets. The third section explains the methodology, and also 

discusses some criticism towards the Elzinga-Hogarty method. Section 4 presents the 

results for both the steam and coking coal markets. These results are also compared with 

previous results based on price series data, permitting an evaluation of different 

methodologies for defining a relevant market. In the fifth section, the critique towards the 

Elzinga-Hogarty method is scrutinized empirically, and the final section presents the 

overall conclusions.  

 

2. The World Market for Coal Products 

This article focuses on hard coal, while brown coal is left out of the analysis. Hard coal 

can be divided into two broad categories, steam coal and coking coal. Steam coal is 

mainly used as an input in the energy sector to produce electricity and heat. In 2000, this 

market represented more than 65 percent of all traded coal. Steam coal consumption has 

grown considerably since 1970, something which mainly reflects the growth in electricity 

production where steam coal represents about 34 percent of the world market. Coking 

coal, on the other hand, is primarily used as an input into blast furnace iron and steel 

production. This industry has, especially in Europe, experienced a slow-down during the 

last decades. Technological innovations have decreased the use of coking coal in the steel 

making process (IEA, 2001). The different end-uses and developments of steam and 

coking coal imply that these products should be treated separately in the ensuing analysis.  

 

Large coal deposits are located in specified geographic regions, but demand for coal is 

world wide. This implies that areas of production and consumption are separated, and 

that international trade is important. World hard coal consumption has grown 
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considerably during the last three decades, an increase of over 60 percent since 1970. 

However, this increase is not as large as that for world hard coal trade, which has grown 

by 230 percent during the same time period.1 The international market for traded coal has 

thus become increasingly important both for the world-wide growth in electricity 

generation, as well as for the steel making industry in developing countries.  

 

The pattern of trade has not been stable since the 1970s. In the first part of the 1980s 

growth in export of coal came mainly from the US and Poland, but since then new 

exporters have entered the market and outplayed the previous market leaders. Australia, 

South Africa, and Indonesia are today larger exporters than the US and Poland. Australia 

is the largest exporter of coal in 2000, with a market share of 52 percent of coking coal 

exports and 23 percent of world steam coal exports (Mélanie et. al; 2002). In 2000, 90 

percent of all traded coal was directed to the two dominating regions, the Asia-Pacific2 

market and the Europe-Mediterranean3 market. 52 percent was headed towards the Asia-

Pacific market and 38 percent was directed to the European-Mediterranean market (IEA, 

2001). This illustrates the situation of relatively regional market tendencies for 

internationally traded hard coal. 

 

2.1 The Development of Steam Coal Trade 

International trade of steam coal was insignificant until the 1970s when the oil price 

shocks increased demand for steam coal as an electricity input. The high oil prices 

enforced by the OPEC cartel increased the demand for internationally traded coal as a 

whole, but especially that for steam coal. Transportation costs and storing costs for steam 

coal seemed no longer to be an overwhelming obstacle. Since the mid-1980s the coal 

export has been dominated by steam coal, which in 2000 represented about 65 percent of 

all traded hard coal. Compared to the coking coal market it has thus grown considerably 

faster during the last 20 years (IEA, 2001).  
                                                 
1 It is however noteworthy that world shipments of coal still only represent about 12 percent of all coal 
produced (IEA, 2001). 
2 The Asia-Pacific market includes Australia, China, Chinese Taipei, Hong Kong, India, Indonesia, Japan, 
Korea, New Zealand, Vietnam, and other Asia and Oceania. 
3 The European-Mediterranean market includes EU(15), Bulgaria, Czech Republic, Egypt, Former USSR, 
Hungary, Iceland, Israel, Morocco, Norway, Poland, Romania, Russia, Slovak Republic, South Africa, 
Switzerland, Turkey, Ukraine, Zimbabwe, other Africa, Eastern Europe and Middle East. 
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Since 1980, steam coal’s share of the electricity generation market has been relatively 

constant. However, the world-wide increase in electricity demand has led to a significant 

increase in steam coal consumption over the same time period. Still, in some regions 

steam coal consumption has during recent years decreased compared to other fuels. This 

trend has been most significant in Europe where, due to environmental concerns and 

technical progress, many countries have shifted from coal to natural gas in electricity 

generation. The European Union has led a policy campaign aiming at reducing coal 

production subsidies in the member countries, which is an additional reason for the 

switch to other fuels in the electricity generation industry. Despite this, coal remains an 

important part of the energy sector in Europe. Steam coal is the dominant source of 

energy for some of the countries, e.g., Germany, Denmark, and Greece. Coal is also the 

back-up fuel for many countries, and due to security of supply issues coal dependency 

has increased for many countries during the last years (Ibid.).  

 

Of specific interest for this paper is an analysis of the major trade routes, i.e., the import 

and export patterns, of the international market for traded coal. Figure 1 illustrates the 

world steam coal trade routes in 2000, which this year mounted to a total of 381 million 

tons. The figure illustrates that Australia, who is the worlds largest exporter, is the 

dominant supplier to Japan and Other Asia (e.g., Korea, Chinese Taipei, and India), to 

which they export 47 million tons and 29 million tons respectively. Japan is the single 

largest importer of steam coal with an import of 80 million tons. About 10 million tons of 

Australian exports are headed towards Europe. Regarding the Asia-Pacific market, we 

can see that additional imports to the major importing regions, come from China and 

Indonesia. South Africa exports about 12 million tons to Other Asia, which is the only 

significant export that comes from a region that is not geographically close to the Asia-

Pacific market. The trade patterns towards the other major importing region, the 

European-Mediterranean market, illustrate the same tendency of geographically close 

exporters and importers. The largest exporter to the European market is South Africa, 

which exports 42 million tons. Other major exporters to the European market are 

Columbia and the Former Soviet Union, which export 22 million tons and 17 million tons 

respectively (Ibid). 
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Figure 1 
World Steam Coal Trade Routes 2000 (Mt) 

 Source: Own construction based on IEA (2001). 

 

It is thus evident from Figure 1 that the main imports and exports are directed to the 

countries that are geographically close to each other. However, noticeable is that some 

exports, e.g., from Australia to Europe, from Indonesia to Europe, and from South Africa 

to Asia-Pacific, defy the far distances. A brief examination of the import patterns over 

time shows that imports of steam coal in the Asian countries have increased more than 

the imports of coal to the European countries. In 2000, Japan, Chinese Taipei, and Korea 

alone accounted for about 40 percent of world steam coal imports. Consumption of steam 

coal in electricity generation has differed between different world regions. In the 

European region, where many electricity markets have been deregulated during recent 

years, steam coal has reduced its share in the electricity market (Ibid.). 

 

2.2 The Development of Coking Coal Trade 

Coking coal represents coal with a quality that allows the production of coke suitable to 

support a blast furnace charge, and is thus primarily used as a chemical reductant in iron 

and steel production. Growth in the coking coal market was most evident during the 
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1960s, something which can be ascribed to higher demand for coking coal primarily in 

Europe where production could not sustain the newly created demand. The higher 

demand for coking coal in the steel and iron making process in many European countries 

produced significant trade of seaborne coal, where previously there had been almost 

none. During the 1970s the demand for coking coal increased substantially in the newly 

industrializing countries, mainly in Asia and Latin America, something which reinforced 

the development in the 1960s. During the 1980s, though, growth in the coking coal 

market slowed down due to the slow growth in industry use for coking coal (mainly in 

Europe), and a new technical process that decreased the use of coke in the steel making 

process (IEA, 1997). 

 

The trade flow patterns for coking coal is similar compared to those of steam coal. Figure 

2 illustrates the trade flow patterns in 2000, and it is evident that this market also is 

characterized by two dominating importing regions, the Asia-Pacific market and the 

European-Mediterranean market. However, we can see that trade of coking coal is not as 

large as that for steam coal. In 2000, world coking coal trade was 192 million tons, 

compared to 381 million tons of steam coal. The figure illustrates that Australia, who is 

the world’s largest exporter of coking coal, is the dominant supplier to Japan and Other 

Asia, to which they export 41 million tons and 28 million tons respectively. A large 

amount of Australian export is though headed towards the other dominant region given 

that Europe imports about 22 million tons of coking coal from Australia. Another large 

exporter to the Asia-Pacific market is Canada, who exports 12 million tons to Japan and 5 

million tons to other Asian countries (mainly Korea and Chinese Taipei). Smaller 

amounts of imports to the Asia-Pacific market also come from Indonesia and China. It is 

though evident that most trade comes from importers and exporters that are within the 

Asia-Pacific region. The trade patterns towards the other major importing region, the 

European-Mediterranean market, show that the largest exporter is Australia, who exports 

22 million tons of coking coal to Europe. Other major exporters to the European market 

are the United States and Canada, who exports 16 million tons and 7 million tons 

respectively (IEA, 2001). 
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Figure 2 
World Coking Coal Trade Routes 2000 (Mt) 

 Source: Own construction based on IEA (2001). 

 

It is interesting to note that coking coal from Australia is despite the distance and thus 

higher transportation cost as competitive as the import from the geographically closer 

markets. When analyzing the coking coal market over time, world consumption of coking 

coal has been relatively constant since the 1980s. However, there has been a sharp 

decline in many of the developed OECD countries, but this has been offset by the 

growing demand in the developing countries in Asia and Latin America. Regarding 

coking coal, Japan alone accounts for about 33 percent of world imports. This makes 

them the largest importer of coking coal during the last 30 years. Regarding the growth 

pattern, coking coal imports to Japan and Western Europe have been relatively stable 

since the 1980s. Increases in imports have thus mainly been to India, Brazil, Chinese 

Taipei, and Korea (Mélanie et. al., 2002).  

 

2.3 Price Development and Structural Trends 

Since the 1980s coal prices have experienced a downward trend caused mainly by 

increases in the export capacity for many exporting countries, as well as significant 
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productivity improvements in the uses and the production of coal products. Recent 

consolidations in the coal industry, which have led to a higher concentration in the 

market, may, though, put an upward pressure on prices. Today the largest 10 coal 

companies’ market share is 23 percent of all produced coal. However, analysts often 

claim that competition is relatively strong, at least for steam coal (Keay, 2003). The 

prices for coking coal are generally settled by long term contracts (more than five years) 

through bilateral negotiations between suppliers and consumers. During the last 5-6 years 

spot markets for coal have also developed, but these are still limited in scope since the 

demand for coking coal is to a large extent fixed in the short run. There is though 

evidence that the prices paid in spot markets impact the contract prices settlements, 

especially in the European market (IEA, 1997).  

 

Finally, one can conclude that the development of steam coal and coking coal 

consumption has varied substantially between the different world regions. A broad trend 

has been that the growth rates in the developed countries have been slower compared to 

the growth rates in the developing countries. Regarding the developed countries we can 

notice that some countries have not followed this path. The United States and the 

developed nations in Asia have remained large coal consumers, contrary to the situation 

in the European Union, where consumption has decreased by about 30 percent since the 

beginning of the 1970s. Coal consumption in the transition economies in Eastern Europe 

and in the Former Soviet Union has also experienced sharp declines since the end of the 

1980s. This is evidently a result of the large economic reforms in this region, which have 

aimed at decreasing coal subsidies and reduce the number of large steel industries (IEA, 

2001).  

 

Regarding the coal market, both for steam and coking coal, it is obvious that the trade 

flows are directed to the two main regions, the Asia-Pacific market and the European-

Mediterranean market. It is also evident that most trade to these areas comes from 

producers that are located regionally close to the markets. However, even if much 

information can be attained from only studying the trade flows as such, a formalized test 

for how the markets are to be delineated is still of interest. Such a test will make it easier 
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for practitioners to analyze the level of market integration, given that a formalized test is 

not as open for subjective conclusions. Another advantage is that it facilitates an analysis 

of market integration patterns over time.  

 

3. Methodology and Data 

3.1 The Elzinga-Hogarty Test 

The method chosen for this article is based on two tests suggested by Elzinga and 

Hogarty (1973). They calculate the interregional shipments in order to decide whether 

different regions belong to the same geographic market. The tests proposed are; the little 

in from the outside (LIFO) test, and the little out from the inside (LOFI) test. The LIFO 

test concerns the demand side of the market, and asks whether total purchases in an 

identified region is also produced within the area? The LOFI test concerns the supply side 

of the market, and identifies the smallest geographic region that is required to include 

almost all shipments from the defined market area. This implies that a relevant 

geographic market area will include all regions that either exports or imports significant 

amounts of the product under investigation. The tests are only based on quantity data, and 

it is assumed that all necessary information about the product, such as prices and 

elasticities, is reflected in the demand and supply behavior. It is though important to 

know where the shipment comes from (origin), and to where the product is delivered 

(destination). When the necessary data have been collected, Elzinga and Hogarty propose 

the following procedure. 

 

Start with a market region, in the case of coal it could be the European market.4 Estimate 

whether 75 percent (or 90 percent) of the total sales within the hypothetical area comes 

from countries located within the area.5 If this is the case, the little in from the outside 

                                                 
4 The procedure of selecting a starting point (which in this article is a region or a country) is somewhat 
arbitrary. However, the authors propose using informed judgment such as either starting in a large 
producing area, or a large consuming area.  
5 The percentages are also arbitrarily chosen. Elzinga and Hogarty (1973) suggest that a strong market 
implies that 90 percent of the shipments are within the market, and that a weak market suggests that at least 
75 percent of the shipments are within the specified market.  
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(LIFO)6 test is met, and the analyst can move on to the next step. This step is the so 

called little out from the inside (LOFI)7 test, which states that if at least 75 percent (or 90 

percent) of the shipments within the hypothetical market area are to consumers within the 

area, it is fair to conclude that this constitutes an economic market area. When both the 

LIFO an LOFI tests are met total consumption (from all shipping points) is calculated to 

obtain an estimate of the market size of the hypothetical market (Elzinga and Hogarty, 

1973). 

 

In order to illustrate the procedure for delineating a relevant market area using the 

Elzinga-Hogarty method the following example will be used. Assume that a specific area, 

region A, produces 100 million tons coal, consumes 125 million tons coal, and exports 10 

million tons coal in a certain year. To find the LOFI ratio for region A data for sales from 

producers within the area (i.e., production minus exports) are divided by total production 

within the area: 

 

 LOFI ratio: 90.0
100

10100 =−
   (1) 

 

The LOFI ratio shows that 90 percent of all produced coal within the region A is 

consumed within the defined market area. This implies that there are no significant 

shipments that originate from within region A, directed to countries outside the region, 

i.e., exports are insignificant. However, in order to define region A as a relevant market 

area the Elzinga-Hogarty test also requires that the LIFO test is fulfilled. In order to find 

the LIFO ratio, data for sales from producers within region A are divided by total 

consumption within the area: 

  

                                                 
6 The LIFO test states that ”if only a small proportion of the product consumed in the hypothetical 
geographic market is “imported” into the area from the outside, this is an indicator of a unique geographic 
market area,” (Elzinga and Hogarty, 1973: 54).  
7 The LOFI test states that “If the firms in a hypothetical geographic market area receive little of their 
business from customers outside of the geographic market area, this is an indicator of the propriety of 
defining that area as a market,” (Elzinga and Hogarty, 1973: 57). 
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LIFO ratio: 72.0
125

10100 =−
   (2) 

 

The LIFO ratio shows that 72 percent of all coal consumed are produced within the 

specified area. In other words, the demand for coal in region A is not fulfilled by the 

supply in the area. This implies that region A needs to import a significant amount of coal 

from other regions, and region A does not thus represent what Elzinga and Hogarty 

define as a relevant market area. In order to delineate the relevant market area for region 

A it is therefore necessary to bring more regions into the analysis. The region, or country, 

chosen to be included in the defined market area is the area that most of the imports 

originate from. In this example, most imports to region A comes from region B. The 

same procedure for the LIFO and the LOFI tests is then conducted, but now for the 

aggregate region A and region B. When calculating the export volume from the aggregate 

region A+B it is important to exclude the export that goes between the regions, i.e., the 

export from region A to region B and vice versa. If the LIFO and LOFI tests are not met 

for the defined market area the procedure is repeated until 90 percent of all the shipments 

is within the specified market area.  

 

According to Elzinga and Hogarty it is of vital importance that both the LOFI and the 

LIFO tests are met since a sole dependence on, for instance, the supply side would likely 

define a market too narrowly. The reasoning goes something like this; even if an area 

imports almost all of its consumption from a specified region, the former can still not be 

defined as a distinct geographic market if the exporters ship the products outside the 

defined market. Fundamental economic theory, as first presented by Alfred Marshall, 

asserts that sales in one region will affect the prices in all regions where the product is 

sold, and therefore it is vital that all affected regions are a part of the geographic market. 

The Elzinga-Hogarty method has since its development been widely used by competition 

authorities in merger analysis, especially in the United States. Primary motives are the 

importance of geographic market definition in merger analyses for products where areas 

of production and consumption are separated. The Elzinga-Hogarty method makes 

economic sense and is simple to apply, and has thus become important in practice.  
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3.2 Criticism towards the Use of Shipments Data in Market Delineation 

Before defining the relevant markets for steam coal and coking coal it is important to 

present some of the criticism directed towards this method. Giffen and Kushner (1976) 

argue that the tests are unacceptable since separate and distinct markets can exist without 

meeting the criteria for the LIFO and LOFI tests. They argue that the tests fail to detect 

the overall economic environment, and thus any potential market power of firms within 

the area. Solomon and Pyrdol (1986) also direct criticisms towards the method, such as 

the subjective judgments of starting points as well as the arbitrary selection of the 

percentages for determining weak and strong markets. Recent research conducted by 

Capps et al. (2001) discusses what is termed the silent majority fallacy of the Elzinga-

Hogarty criteria. The silent majority fallacy concerns the potential error in relying on 

shipments data when there are significant differences in demand behavior within and 

outside the defined market area. Capps et al. argues that markets sometimes are defined 

too broadly when some exports are directed out of the country, even if this export does 

not follow the same demand pattern as that within the defined area. The authors use 

hospital mergers as an example to show that even if some patients travel for hospital care, 

most patients do not, and thus the relevant market is not as broad as is often stressed. 

 

Werden (1981) is another prominent author that has directed some critique towards the 

method proposed by Elzinga and Hogarty. Werden identifies two situations where the 

method will lead to fundamental errors regarding what constitutes a relevant market. 

First, in a situation where there are no shipments between two regions, the Elzinga-

Hogarty test would conclude that the regions belong to distinct markets. However, if the 

cross-elasticity of demand is high, it is not likely that the firms in the different regions 

would be able to set prices independently. In other words, the Elzinga-Hogarty test does 

not account for potential competition from other regions, which would mean that a cartel 

in one of the regions would not be able to profitably raise prices. When this is the case, 

the regions do in fact belong to the same economic market. The second situation concerns 

the issue that a shipment test could neglect to define a relevant market that exists within 

the defined area. The test does never answer the question of whether firms could 

profitably raise the price level after a merger has taken place. Given that the test only 
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considers shipments data at one point in time, it fails to analyze post-merger shipment 

patterns. This line of criticism therefore concludes that the test could in some instances 

define the market too broadly, and thus not be able to detect anticompetitive behavior 

within the region. Given that most antitrust analyzes are conducted a priori a structural 

change in the market, the shipment test will fail to recognize anticompetitive behavior 

within the market. Once again Werden notes that this problem would be avoided if the 

cross-elasticity of demand was known by the analyst.  

 

Nevertheless, Werden concludes that regardless of the shortcomings of shipments tests 

they are very helpful in market delineation, if used properly. He emphasizes that 

shipment data alone are insufficient to define geographic markets, but they are useful to 

get a first picture over the size of the relevant market that is delineated. Shipment tests 

are also valuable since they provide an understanding of the product flow patterns, 

something which is an important part of the process of delineating the relevant market. 

Werden emphasizes, though, that shipments data need to be supplemented with some 

notion of cross-elasticity of demand in order to correctly delineate the relevant market.  

 

3.3 Data Use and Choice of Starting Points 

Separate shipment tests will be conducted for the steam coal and the coking coal markets. 

This permits an analysis of whether there exist significant differences in market 

integration between the two products. Data for production, consumption, import and 

export, between the years 1978 and 2000, are collected from Coal Information, published 

annually by the International Energy Agency (IEA). The test will be performed for a 

number of selected years, something which permits an analysis of whether important 

changes in market integration have occurred over time. In addition, the chosen time 

period, as well as the separation of steam and coking coal, also opens up the possibility to 

compare the results with the accompanying study Wårell (2002), which uses a 

cointegration approach (based on price series data) on the same markets and over 

essentially the same time period. 
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In the case of coal, both coking coal and steam coal, it seems applicable to start with the 

Europe-Atlantic (Europe and North America) and the Asia-Pacific (Japan and Australia), 

and estimate the hypothetical market area for these four regions. If the above explained 

procedure cannot be met without the inclusion of, e.g., Australia, South Africa, and 

Japan, in the hypothetical market area Europe, it would be fair to conclude that the 

market for internationally traded coal can be seen as a world market. However, if the 

above procedure can be conducted without the inclusion of exporters/importers that 

belong to other world regions, it is likely that the markets are more regional in scope. The 

tests have been performed when using different starting points, Europe8, North America9, 

Australia10, and Japan. These regions are chosen because they are either significant coal 

producers (Australia, North America) or large coal importers (Japan, Europe). The reason 

for conducting the analysis using different starting regions is that it will illustrate if 

similar patterns of market integration appear regardless of the choice of starting point. 

This procedure thus avoids the somewhat arbitrary choice of starting point, which some 

of the criticism towards the Elzinga-Hogarty method has focused on. The next section 

presents the results from the cluster analysis for both steam and coking coal. A 

comparison to the results in Wårell (2002) will be presented in association with the 

findings. Section 5 aims at scrutinizing the Elzinga-Hogarty method in more detail, and 

addresses empirically some of the criticism presented in section 3.2.  

 

4. Empirical Results 

4.1 Results for Coking Coal 

The results from both the LIFO and LOFI tests, applied on the market for coking coal, are 

presented in Table 1. The results for the hypothetical market area Europe shows that the 

LOFI test is fulfilled for all years under investigation. This implies that the exports out of 

the defined area Europe are insignificant. However, the LIFO test is not fulfilled at the 90 

percent level for any of the years which indicates that a significant amount of the 

consumption in Europe is imported from outside the area. This suggests that more 

                                                 
8 “Europe” includes the following countries: EU (15), Iceland, Norway, Switzerland, Turkey, Poland, 
Czech Republic, Slovak Republic, Hungary, Romania, Bulgaria, Albania, and Former Yugoslavia. 
9 “North America” includes the following countries: Canada, Mecixo, and the USA. 
10 “Australia” includes the following countries: Australia and New Zeeland. 



 

 16 

countries, or regions, need to be included in the analysis in order to delineate the relevant 

market area. An investigation over time also shows that the LIFO test decreases over the 

years, implying that the imported share of consumption in Europe increases.  

 
Table 1  

LIFO and LOFI Test Results for Coking Coal 

 Europe North America Australia Japan 

Year LIFO LOFI LIFO LOFI LIFO LOFI LIFO LOFI 

1978 0.7891 0.9901 0.9286 0.6787 0.9200 0.1648 0.1467 0.9948 

1980 0.7004 0.9971 0.9526 0.5135 0.9497 0.1562 0.5347 0.9952 

1985 0.6235 0.9981 0.9949 0.4025 0.9954 0.0970 0.4569 0.9997 

1990 0.5440 0.9985 1.0235 0.3570 1.1616 0.1082 0.4282 1.0 

1995 0.6307 0.9874 1.0188 0.3436 1.030 0.0746 0.4788 1.0 

1997 0.5709 0.9906 1.0577 0.3285 1.9518 0.1245 0.5289 1.0 

1998 0.5050 0.9858 1.0075 0.3246 0.7466 0.0470 0.5210 1.0 

1999 0.52314 0.9756 0.9845 0.3677 2.167 0.1176 0.5477 1.0 

2000 0.4687 0.9850 0.9472 0.3920 -1.7613 -0.0864 0.6208 1.0 

 

When studying North America we can see that the results are the opposite, i.e., that the 

LIFO test is fulfilled, but not the LOFI test. This implies that the region does not import 

coking coal from other countries. However, significant amounts of the production of 

coking coal in North America leave the region, which implies that North America alone 

cannot be seen as a relevant market area. Regarding Australia, the conclusion is similar to 

that for North America, i.e., a significant amount of the production in the region is 

exported and therefore the Elzinga-Hogarty test indicates that the region cannot be seen 

as a relevant geographic market. For Japan, the results show that the LOFI test is 

fulfilled, but not the LIFO test implying that a significant amount of the consumption 

within the area is imported. The years for which the LIFO ratio is above one (1), it means 

that some of the production within the region is neither consumed nor exported. 

 

The above results imply that more countries, or regions, need to be included in order for 

the regions to be defined as relevant markets. The results for including more countries, or 

regions, into the analysis are presented in Table 2. The table shows that the same regions, 
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or countries, are included regardless of which region that is defined as the hypothetical 

market area. It is only in one year, 1978, that Europe and North America alone can be 

seen as a relevant economic market.  

Table 2  

Relevant Economic Markets for Coking Coal 

Year Europe North America Australia Japan 

1978 North America 
Japan, Australia, 

Europe 
Japan, North America, 

Europe 
Australia, North 
America, Europe 

1980 North America, 
Japan, Australia 

Japan, Australia, 
Europe 

Japan, North America, 
Europe 

North America, 
Australia, Europe 

1985 North America, 
Japan, Australia  

Japan, Australia, 
Europe 

Japan, North America, 
Europe 

North America, 
Australia, Europe 

1990 
North America, 
Japan, Australia, 

Korea 

Europe, Japan, 
Australia, Korea 

Japan, North America, 
Europe, Korea 

Australia, North 
America, Europe, 

Korea 

1995 

North America, 
Japan, Australia, 

Korea, Latin 
America 

Europe, Japan, 
Australia, Korea, 

Latin America 

Japan, North America, 
Europe, Korea, Latin 

America 

Australia, North 
America, Europe, 

Korea, Latin 
America 

1997 

North America, 
Japan, Australia, 

Korea, Latin 
America 

Europe, Japan, 
Australia, Korea, 

Latin America 

Japan, North America, 
Europe, Korea, Latin 

America 

Australia, North 
America, Europe, 

Korea, Latin 
America 

1998 

North America, 
Japan, Australia, 

Korea, Latin 
America 

Europe, Japan, 
Australia, Korea, 

Latin America 

Japan, North America, 
Europe, Korea, Latin 

America 

Australia, North 
America, Europe, 

Korea, Latin 
America 

1999 

North America, 
Japan, Australia, 

Korea, Latin 
America 

Europe, Japan, 
Australia, Korea, 

Latin America 

Japan, North America, 
Europe, Korea, Latin 

America 

Australia, North 
America, Europe, 

Korea, Latin 
America 

2000 

North America, 
Japan, Australia, 

Korea, Latin 
America, USSR 

Europe, Japan, 
Australia, Korea, 
Latin America, 

USSR 

Japan, North America, 
Europe, Korea, Latin 

America, USSR 

Australia, North 
America, Europe, 

Korea, Latin 
America, USSR 

 

The results also indicate that the market is integrated from 1978 and onwards given that 

all the four regions under investigation have to be included in defining the relevant 

market for coking coal. When analyzing the development over time the results indicate 

that more and more countries, or regions, need to be included in order to define the 

relevant market for coking coal. This indicates that the market have become more 

integrated over time. The results regarding coking coal from Wårell (2002) show that the 

import prices for coking coal in Europe and Japan follow the same long run trend, i.e., 
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they are cointegrated and the error correction estimates indicate a relatively fast 

adjustment to the long run trend. This finding is in line with what is reported in this 

section. Regarding market integration over time the results in Wårell (2002) are more 

indecisive. The price correlation is higher in the 1980s than the 1990s, but the short run 

error correction estimates indicate a faster adjustment towards the long run equilibrium 

level in the 1990s than in the 1980s.  

 

4.2 Results for Steam Coal 

The results from both the LIFO and the LOFI tests, applied on the steam coal market, are 

presented in Table 3. Compared to the results for the coking coal market, where none of 

the chosen market areas represented a relevant geographic market, the results show that 

for a number of years the starting point region itself could be considered a relevant 

market area. This implies that the shipments between regions are insignificant for these 

years.  

Table 3 

LIFO and LOFI Test Results for Steam Coal 

 Europe North America Australia Japan 

Year LIFO LOFI LIFO LOFI LIFO LOFI LIFO LOFI 

1978 0,9755 0,9999 0,9799 0,9966 1,0137 0,8419 0,9002 0,9989 

1980 0,9311 0,9999 1,0374 0,9718 0,8036 0,7455 0,6319 0,9975 

1985 0,8670 0,9989 0,9598 0,9613 0,7143 0,4082 0,3467 1,0 

1990 0,8004 0,9986 1,0401 0,96002 1,1095 0,5255 0,1810 1,0 

1995 0,7020 0,9998 0,9987 0,9533 1,0683 0,4518 0,0981 1,0 

1997 0,7192 0,9995 0,9674 0,9740 0,8414 0,3803 0,0615 1,0 

1998 0,6441 0,9999 0,9848 0,9798 0,9191 0,3802 0,0524 1,0 

1999 0,6361 0,9955 0,9807 0,9864 0,8569 0,3821 0,0526 1,0 

2000 0,5723 0,9998 0,9835 0,9856 0,8066 0,3594 0,0378 1,0 

 

Regarding Europe this region fulfills the requirements for a relevant geographic market 

in 1978 and 1980. After this year the LIFO test is not fulfilled at the 90 % level, which 

implies that in these more recent years a significant part of the consumption was imported 

into the region. The results for North America show that this region can be seen as a 

relevant market area for all years that are investigated, implying that most production of 
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steam coal in North America is consumed within the region. Thus, there are no 

significant shipments of steam coal neither to nor from North America. This contradicts 

the notion of a unified Atlantic market for steam coal (e.g., Ellerman, 1995). Regarding 

the other regions the results are somewhat different. When it comes to Australia the LOFI 

test is not fulfilled for any of the years, and neither is the LIFO test for five of the years 

investigated. For Japan the results show that in 1978 the country could be considered a 

relevant market area in itself, i.e., there were no significant shipments with other world 

regions. However, after that year the LIFO test is not fulfilled implying that Japan 

imported a significant amount of the countries consumption from that year onwards. The 

above results indicate that more regions, or countries, need to be included in the analysis 

in order for the regions to be considered a relevant geographic market. The results from 

this procedure are presented in Table 4.  

Table 4  

Relevant Economic Markets for Steam Coal 

Year Europe North America Australia  Japan 

1978   Europe  

1980   Japan, China Australia., China 

1985 South Africa  
Japan, Europe North 

America, 
Australia, South 

Africa 

1990 South Africa  
Japan, Europe, South 

Africa 
Australia, Europe, 

South Africa 

1995 South Africa, 
North America 

 Japan, Korea, China 
Australia, Korea, 

China 

1997 South Africa  Japan, Korea, China 
Australia, Korea, 

China 

1998 South Africa, 
Colombia 

 Japan, Korea, China 
Australia, Korea, 

China 

1999 South Africa, 
Colombia 

 Japan, Korea, China 
Australia, Korea, 

China 

2000 

South Africa, 
Colombia, Russia, 
Australia, Japan, 

Korea, China 

 Japan, Korea, China 
Australia, Korea, 

China 

 

Table 4 shows that South Africa is the dominant supplier to fulfil consumption in Europe 

from 1985 and onwards. In 1995 this import is complemented with imports from North 

America, and in 1998 and 1999 the imports from South Africa are complemented also 

with imports from Colombia. In 2000 it requires that the Asia-Pacific region is included 
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in the market in order to fulfil the 90 percent shipments level. Concerning Australia and 

Japan the results indicate that these regions belong to the same market, the Asia-Pacific. 

From 1995 and onwards Japan, Australia, Korea, and China can be considered a relevant 

market area. Korea is the second largest importer in the Asia-Pacific market, and China is 

the second largest exporter in the market. Thus, the results concerning steam coal indicate 

that the market is more regional than is the case for coking coal.  

 

The most interesting result concerns North America which alone is considered a relevant 

market regarding steam coal for all the years investigated. This indicates that, in the case 

of steam coal, North America have almost no trade outside the region. Does this imply 

that North America is a market on its own, acting independently of the other world 

regions? What phenomenon is illustrated in this somewhat peculiar result? A more 

detailed discussion of this follows in section 5. When comparing the above results with 

the findings from Wårell (2002) some interesting observations can be made. Regarding 

steam coal, the cointegration test shows that the import prices in Europe and Japan are 

highly correlated and cointegrated. This result is in line with the notion of a world market 

for coal. The Elzinga-Hogarty tests do not support this finding given the clear tendency 

towards regionally separated markets regarding steam coal. The diverging results indicate 

that the chosen method needs to be investigated in more detail in order to evaluate the 

above results.  

 

5. Further Scrutiny of the Criticism towards Shipments Tests 

When comparing the results from the Elzinga-Hogarty test with the results from the price 

test in Wårell (2002) it would have been preferred to come to the same conclusion 

regarding the level of integration of the markets for steam coal and coking coal. 

However, since this is not the case, and given the critique outlined in section 3.2, a closer 

scrutiny of the method employed in this article is in order. The main critique directed 

towards the Elzinga-Hogarty method followed two strains of thoughts. First, when there 

are “insignificant” shipments between the areas these are concluded to be distinct markets 

even though this does not necessarily have to be the case. Second, the test fails to detect 
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markets within the defined market area. This section will address these two issues in 

turn.11 

 

5.1 Distinct Markets in the Case of Insignificant Shipments 

The results regarding steam coal show that shipments originating in or directed to North 

America are insignificant, i.e., less than ten percent. According to the Elzinga-Hogarty 

method this implies that North America is to be seen as a distinct market area for steam 

coal. However, according to Ellerman (1995) North America (or actually the United 

States) is a swing supplier in the steam coal market, i.e., American producers enter the 

world market for steam coal only when the price levels are beneficial. Monopoly power 

depends on the price elasticity of demand, and if producers outside North America try to 

raise prices, the price elasticity of demand would increase for these producers since 

American producers would enter the market. Thus, potential competition from North 

American producers might keep steam coal prices on a relatively low level. As well, this 

would imply that North America is not a distinct market area.  

 

Figure 3 illustrates the different price developments of import values for steam coal and 

coking coal from 1980 until 2000, represented as the average price level between prices 

in Europe, Japan, and the United States. It is evident that prices for coking coal are 

substantially higher than prices for steam coal. However, the prices for steam coal and 

coking coal do though follow the same pattern. The development of steam coal and 

coking coal have not been equal, and competition is more intense in the faster growing 

steam coal market than in the more stable coking coal market. The prices for coking coal 

are therefore not as repressed, which might be an explanation for why the American 

producers find it profitable to be part of the international market for coking coal, but not 

so much for steam coal. 

                                                 
11 The critique towards the Elzinga-Hogarty method that addresses the arbitrary choice of starting point has 
already been scrutinized given the choice to apply the method using different starting points. The critique in 
this case could be considered as valid, given the sometimes different results depending on which market 
region represented the starting point of the investigation. 
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Figure 3 
Steam and Coking Coal Average Import Prices
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            Source: IEA (quarterly). 

 

The conclusion that North America is a distinct market regarding steam coal is thus 

something that can be questioned. The Elzinga-Hogarty method will not detect potential 

market participation, i.e., producers that only enter the market when the price level is 

favorable. Without an analysis of the price level and the price elasticity of demand this 

behavior could not be detected. It is thus evident that shipments data alone are not well 

equipped to correctly distinguish why some regions are part of the market and others are 

not. A deeper understanding of the market under investigation is required, as well as 

some notion of the price elasticity of demand. This is in line with Werden’s (1981) main 

argument against using quantity based methods when defining relevant markets in 

antitrust cases. 

 

5.2 Markets within the Defined Market 

The second critique put forward by Werden (1981) (and also by Capps et al., 2001) 

concerns the difficulty for the Elzinga-Hogarty method to detect anticompetitive behavior 
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within a defined market area. This critique deals with the level of analysis, thus starting 

from a regional market, e.g., the aggregate Europe, the method does not reveal whether 

anticompetitive behavior is present within Europe. In order to test for this the same 

analysis as in section 4 has been conducted on a country level. The procedure for 

selecting starting points is similar to the one in section 4, i.e., the countries within Europe 

that are the largest consumers or producers are chosen. The countries that have been 

chosen are France, Germany, the United Kingdom, and Poland. Regarding these 

countries France and the United Kingdom are large importers, Poland is a large exporter, 

and Germany both imports and exports significant amounts of coal. Germany is also a 

large producer within Europe. Due to some difficulties of finding data for Poland, and 

other Eastern European countries before 1995, the results with Poland as the starting 

point are not analyzed prior to this year.  

 

The results for the coking coal market are presented in Table 5, and they indicate that the 

international market for coking coal is integrated into one world market given that 

countries from different world regions need to be incorporated in the defined market area 

in order to fulfill the LIFO and LOFI tests. Compared to the regional results presented in 

section 4.1, the results for the country level analysis become more detailed given that 

more countries need to be added to the analysis in order to fulfill the requirements for the 

LIFO and LOFI tests. To explain this in more detail an illustrative example is provided. 

In 1978, most of France’s imports originate in Germany, and when adding this latter 

country to the French market the LIFO test reaches 89 percent, and the LOFI test reaches 

85 percent. This indicates that the defined market area exports significant amounts of 

coking coal outside the area. Most of the export from the market area is directed towards 

Italy, and when including Italy in the market area it becomes obvious that the LIFO test is 

not fulfilled any longer. This implies that consumption within the area is not fulfilled by 

production, and thus that a significant share of total consumption is imported. The second 

largest importer to the market area is the US, and when this country is included in the 

analysis the LIFO test is met but not the LOFI test. Thus, significant amounts of exports 

from the United States are directed to other countries that now need to be included in the 

market area. Japan is the country where most of the export from the United States is 
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directed, and is included in the market area. However, Japan’s largest imports originate in 

Australia, which thus has to be included in the market area in order to fulfill the criterion 

for the Elzinga-Hogarty test. Since Japan is the single largest importer of coking coal, 

Canada also has to be included in the analysis in order to fulfill the LIFO test. Finally 

Belgium is included in the analysis given that the LOFI test is not fulfilled.  

 

Table 5  

Relevant Economic Markets for Coking Coal at the Country Level 

Year France Germany United Kingdom Poland 

1978 

Germany, Italy, United 
States (US), Japan, 

Australia (Au), Canada 
Belgium 

France, Italy, US, 
Japan, Au, Canada 

Belgium 
 Not specified 

1980 

Germany, US, Japan, 
Au, Italy, Canada, 

Korea, Spain, 
Netherlands (NL) 

France, US, Japan, 
Au, Italy, Canada, 
Korea, Spain, NL 

US, Japan, Au, Italy, 
Canada, France, 

Korea, Spain, NL 
Not specified 

1985 

US, Japan, Au, 
Canada, Italy, Korea, 

UK, NL, Spain, Brazil, 
Germany 

France, US, Japan, 
Au, Canada, Italy, 
Korea, UK, NL, 
Spain, Belgium 

US, Japan, Au, 
Canada, Italy, Korea, 
France, NL, Spain, 
Germany, Belgium 

Not specified 

1990 

US, Japan, Au, Korea, 
Italy, Belgium, UK, 

Brazil, Canada, India, 
NL, Spain 

 

US, Japan, Au, 
Korea, Italy, 

Belgium, France, 
Brazil, Canada, India, 

NL, Spain 

Not specified 

1995 

US, Japan, Au, Korea, 
India, Brazil, Italy, 

UK, Canada, Chinese 
Taipei, Belgium, NL 

 

Au, Japan, Korea, 
Canada, India, US, 

Brazil, Italy, France, 
Chinese Taipei, 
Belgium, NL 

Other Eastern 
Europe*, Slovak 
Republic, Czech 

Republic, Hungary, 
Austria 

1997 

US, Brazil, Canada, 
Japan, Au, Korea, 

India, UK, Italy, South 
Africa, China, 

Belgium 

 

Au, Japan, Korea, 
Canada, India, 

Chinese Taipei, US, 
Brazil, Italy, France, 

NL, Belgium 

Other Eastern 
Europe*, Slovak 

Republic, Finland, 
Austria, Czech 

Republic, Hungary 

2000 

Au, Japan, India, 
Korea, Canada, UK, 

Brazil, US, Italy, 
Chinese Taipei, 
Belgium, Spain, 
Indonesia, NL 

Au, Japan, India, 
Korea, Canada, UK, 

Brazil, US, Italy, 
Chinese Taipei, 
Belgium, Spain, 
Indonesia, NL 

Au, Japan, India, 
Korea, Canada, 

Brazil, US, Italy, 
France, Chinese 
Taipei, Belgium, 
Spain, Indonesia 

Other Eastern 
Europe*, Finland, 
Slovak Republic, 
Bulgaria, Czech 

Republic, Hungary, 
Russia 

* The export to the region “other Eastern Europe” is not specified, i.e., the necessary data are not available, 
as is the case also for Poland before 1995. However, a large proportion of Poland’s export is directed to 
Eastern Europe. 
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The above example illustrates that different world regions need to be incorporated in the 

French market in order to fulfill the criterion for the LIFO and the LOFI tests in 1978. 

The same is true when starting in Germany, but in 1978 the United Kingdom is regarded 

as a separate market for coking coal. When studying the following years we can see that 

many countries, from different world regions, have to be included for both France and the 

United Kingdom in order to define the relevant market areas. Regarding Germany this 

market is considered to be a single market area between 1990 and 2000, which is due to 

the small amount of trade of coking coal during those years. For Poland the results are 

more difficult to analyze, until 1995 it is not specified to which countries their export is 

headed to. However, after 1995 we can see that Poland mostly trades with other Eastern 

European countries, but since it is not specified which countries it is difficult to analyze 

the results regarding Poland even after 1995. When performing the LIFO and LOFI tests 

without including “Other Eastern Europe” the results indicate that the market area for 

Poland is mainly the former Eastern European countries (that are specified), something 

which indicates that there is a marked difference in market integration patterns between 

the Western European countries and the former Eastern European countries.  

 

However, the overall result (at least for the Western European countries) shows that the 

market for Europe cannot be seen as a single market; rather the market for coking coal 

should be seen as global in scope given that the separate countries often imports from 

different world regions, such as Australia and the United States. This result is thus in line 

with the findings from the regional cluster analysis regarding coking coal. This might not 

be a surprise given that if the aggregate Europe imports from other world regions, it is 

obvious that the parts of that aggregate do that as well. The same disaggregated analysis 

has also been conducted for the steam coal market, and the results are presented in Table 

6. The overall result for the steam coal market is similar to the result for the coking coal 

market, i.e., the market is (at least partly) global in scope for almost all years 

investigated. However, there is a marked difference in the numbers of countries that has 

to be included in the different market areas. It is also evident that the market areas 

concerning steam coal are more regional until 1990, since none of the countries that 

belong to the Asia-Pacific market have been included in the market areas until this year. 



 

 26 

In 1990, only the German steam coal market shows tendencies of being global in scope. 

However, steam coal from the defined market area is only exported to the Asia-Pacific 

market. In 1995 there is though a shift in the shipments, given that Japan, Australia, and 

China have to be included in the analysis in order to fulfill the LIFO and LOFI tests. 

However, this trend is changed in 2000 again since Australia, Japan, and China are not 

included in the analysis. In 2000, another large producer in the Asia-Pacific market 

region, India, is included in the market areas for Germany, France, and the United 

Kingdom. The results for the steam coal market do therefore not seem to follow any 

broad trend, which however to some extent can be explained by shortcomings of the 

Elzinga-Hogarty method.  

Table 6  

Relevant Economic Markets for Steam Coal at the Country Level 

Year France Germany United Kingdom Poland 

1978 South Africa (SA) 
Poland*, Belgium, 
France, Denmark, 

Finland, SA 
 Not specified 

1980 SA, Italy, Denmark, 
United States (US) 

Poland*, France, 
Belgium, SA, Italy 

 Not Specified 

1985 
SA, Germany, Italy, 

Belgium, Spain, 
Denmark, US 

SA, France, Italy, 
Belgium, Spain, 
Denmark, US 

 Not Specified 

1990 US 

SA, Italy, Belgium, 
Spain, Poland, 

Netherlands (NL), 
Korea, Chinese Taipei 

 Not Specified 

1995 

SA, Spain, Chinese 
Taipei, Israel, Korea, 

Australia (Au), 
Japan, China 

SA, Spain, Chinese 
Taipei, Israel, Korea, 

Au, Japan, China 
US 

Other Eastern Europe*, 
Denmark, Germany, 
SA, Spain, Chinese 

Taipei, Israel, Korea, 
Au, Japan, China 

1997 

SA, Germany, 
Denmark, Chinese 
Taipei, Au, Japan, 

China 

SA, Denmark, Chinese 
Taipei, Israel, Au, 

Japan, China 
US 

Germany, Denmark, 
SA, Chinese Taipei, 

Israel, , NL, Korea, Au, 
Japan, China 

2000 SA, Spain, Germany, 
NL, Israel, India 

Poland, SA, Spain, 
France, NL, Israel, 

India 
Colombia, US 

Germany, SA, Spain, 
France, NL, Israel, 

India 

* The export to the region “other Eastern Europe” is not specified, i.e., the necessary data are not available, 
as is the case also for Poland before 1995. However, a large proportion of Poland’s export is directed to 
Eastern Europe. 
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Regarding steam coal, some large producers, such as the United States, China, and India, 

represent separate markets by themselves, given that they are very large producers as well 

as consumers. However, a small amount of steam coal is still traded on the international 

market, and thus when including these countries in the defined market area both the LIFO 

and LOFI tests are directly fulfilled. This is, for instance, illustrated in 1990 when France 

and the United States together can be considered a separated market area. The United 

States is the largest exporter to France this year; however their export only represents 

about 22 percent of imported steam coal to France. Given that the United States is a 

separate market area, with LIFO = 1.03 and LOFI = 0.95, adding France’s consumption 

and production data to this market area will not affect the LIFO and LOFI measures for 

the United States. This implies that, even if the United States is one of many suppliers of 

steam coal to France, adding this country to the market area will automatically fulfil the 

LIFO and LOFI tests.   

 

Thus, there are several shortcomings of using the Elzinga-Hogarty method when defining 

geographic market areas. In this paper, some of these shortcomings have been illustrated, 

and this highlights the importance of adding additional dimensions to the analysis in 

order to be capable of defining relevant geographic markets.  

 

6. Conclusions 

This paper has defined the relevant economic market for steam coal and coking coal with 

the use of shipments data and has tested the hypothesis of a single world market for coal. 

Regarding coking coal the results indicate that the market is integrated from 1978 and 

onwards, given that the four major regions, Europe, North America, Australia, and Japan, 

all have to be included in defining the relevant market for coking coal. When analyzing 

the development over time the results indicate that more and more countries, or regions, 

need to be included in order to define the relevant market for coking coal. This indicates 

that the industry has become more integrated over time. In the case of steam coal the 

results show that the markets are more regional in scope, and there are no clear 

tendencies of more integration over time. The results from the Elzinga-Hogarty are not 
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entirely in line with the findings in Wårell (2002) that performed a similar analysis but by 

using price series data instead of quantity data.  

 

The main critique directed towards the Elzinga-Hogarty method is that, first, when there 

are “insignificant” shipments between the areas these are concluded to be distinct 

markets, and, second, the test fails to detect markets within the defined market area. This 

critique is addressed empirically in the article. First, the results regarding steam coal 

show that shipments to or from North America are insignificant, i.e., less than ten 

percent, and thus to be seen as a distinct market area for steam coal. However, according 

to Ellerman (1995) the United States is a swing supplier in the steam coal market, i.e., 

American producers enter the world market for steam coal only when the price levels are 

beneficial. This implies that it is the repressed price level in the steam coal market that 

leads to the conclusion that North America is a distinct market. When studying the results 

for the coking coal market this conclusion is confirmed given that North America is part 

of the world market for coking coal. A shipment based test is thus not able to detect any 

potential market participation; for this the analyst has to have some notion of the cross 

elasticity of demand at the market. This is the same conclusion as that made by Werden 

(1981).  

 

The second critique concerns the difficulty for the Elzinga-Hogarty method to detect 

anticompetitive behavior within a defined market area. This critique deals with the level 

of analysis. Thus, starting from a regional market, e.g., the aggregate Europe, the method 

does not reveal whether anticompetitive behavior is present within Europe. In order to 

test for this the analysis was conducted on a country level as well. The finding from this 

analysis was similar as when conducting the analysis on a regional level. Thus, this 

analysis could not detect any indication of anticompetitive behavior within the relevant 

market. However, in order to detect anticompetitive behavior within a specified market 

area it may be necessary to bring the analysis down to a firm level, instead of a country 

level. Such an analysis would be highly interesting, and should be given priority in future 

research efforts.  
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An additional problem of the Elzinga-Hogarty method is that it might come to an 

erroneous conclusion regarding the size of the relevant market when there are large 

differences in the size of the markets that are part of the analysis. For example, if a large 

producer and consumer of coal, that independently is a separate market, are included in 

the relevant market area for a relatively small consumer, the criteria for the LIFO and 

LOFI tests will instantly be met. Thus, a formalized test for product flows does not 

always portray the situation correctly. The overall conclusion is that the method is limited 

since it is not well equipped to detect potential market participation or potential 

anticompetitive behavior within a defined market area (especially when there are large 

differences in the size of the participants). Still, the Elzinga-Hogarty is useful as a first 

step in market delineation analysis since it contributes to a good understanding of the 

product flow patterns. 
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