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Abstract

This thesis consists of an introductory part and five self-contained papers dealing with market
definitions and economic assessments of horizontal mergers in the minerals industries world-
wide. Paper I analyses the relevant geographic market for internationally traded steam and 
coking coal using Cointegration and Error Correction models. Quarterly price series data 
between 1980 and 2000, in the two dominating regions Europe and Japan, are used. The
results show that for both markets the null hypothesis of the existence of a world market
cannot be rejected, as demonstrated by the long-run cointegrating relationship between the 
price series. However, the short-run adjustments to the long-run levels indicate a faster
adjustment towards the long-run equilibrium for coking coal than for steam coal. In Paper II
the relevant economic markets for steam and coking coal are also in focus, and this paper 
applies two different tests using shipments data and price data, respectively. The results from 
both methods point in the same direction. In the case of 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 market is more regional in scope, and there 
exist no clear tendencies of increased integration over time. One policy implication of the 
finding that the steam coal market is more regional in scope, is that a merger in this market
would likely be of more concern for antitrust authorities than the same activity in the coking
coal market. Paper III estimates the price and welfare effects from the iron ore mergers
between Rio Tinto and North Ltd in 2000, and CVRD and Caemi in 2001. The analyses are 
conducted using a merger simulation model that, based on the pre-merger situation, estimates
the post-merger outcome. A standard Cournot framework model assuming homogenous
product and that firms set quantities have been applied. The results from the merger
simulations show that the estimated prices increases due to the mergers are about 6% and 7%, 
respectively. In both merger simulations the overall welfare effect is estimated to be negative,
something which thus does not support the European Commission’s decisions to allow these 
mergers. However, none of the simulations did take into account possible cost efficiencies 
resulting from the mergers. Paper IV also applies merger simulations to the same mergers as
in Paper III. However, the merger model in this paper (PCAIDS) assumes that the product is 
differentiated and that the firms’ strategic variable is price. The increases in the estimated
market-weighted average price are 2.6% and 4.6%, respectively. When removing Caemi’s
Canadian asset, which is the Commission’s verdict for allowing the merger, the estimated
market price following the CVRD-Caemi merger decreases to about 3%. Overall the results 
support the Commission’s decisions regarding both merger cases, and show that merger
simulations of price effects can be a valuable tool in merger assessments. Finally, Paper V
applies an event study to the Rio Tinto and North Ltd merger in order to analyse the 
competitive and efficiency impacts of the merger, and to investigate the main motivation
behind the merger. The event study method analyses stock market reactions of the merging
firms and close rivals at the time of the merger announcement. These reactions indicate 
whether the merger has had a positive or negative impact on the value of the firms,
information that in turn can be used to assess the overall efficiency and welfare effects of the 
merger. The main result shows that efficiency improvements were the predominant motive
behind the merger. This suggests that there are positive welfare effects to expect and the 
Commission’s decision to allow the merger is supported. An overall conclusion from this
thesis is that all the quantitative economic techniques that have been applied can provide 
information that is valuable in a comprehensive merger assessment study, but all methods
need to be complemented by supplementary (often qualitative) analyses. 
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Preface

1. Background and Overall Research Problems 
A market is considered to be efficient when it is perfectly competitive, i.e., when many firms

produce identical products and firms can easily enter and exit the market. In this situation

each firm will be a price taker, i.e., it cannot influence the price, and there are no deadweight

losses to society. However, this situation is rare in most industries, and some sort of imperfect

competition is usually the norm. Imperfectly competitive markets generally involve fewer

firms that closely monitor their rivals’ actions in order to predict their behaviour. In this 

situation firms have some market power, i.e., the ability to raise price above marginal cost, 

and each firm’s pricing decision will affect all firms’ behaviour. Thus, when markets become

more concentrated, with fewer actors, there are reasons to believe that market mechanisms do 

not promote economic efficiency.

Horizontal mergers represent mergers between competitors in a given market, and as a 

consequence these mergers will inevitably lead to fewer competitors and a more concentrated

market. Thus, horizontal mergers need to be properly analysed in order to assess the likely 

competitive situation in the market after the merger. An inherent difficulty in this task is the

issue of foreseeing the future market structure. For this reason a merger assessment study 

usually involves both qualitative and quantitative information that together constitute the

basis for prohibiting/allowing the merger under investigation. In this thesis we focus on the 

competitive situation in the mineral industries and the different quantitative methods

commonly used in merger assessment studies. 

The overall purpose of this thesis is to examine the competitive and efficiency impacts

of horizontal mergers in the minerals industries worldwide and to evaluate different methods

that can be applied in merger appraisal. The main motivation for the thesis is the fundamental

structural changes that the mining and minerals industries have experienced during the last 

several decades. These changes can be classed into two main categories; pro-competitive

globalisation and anti-competitive consolidation. Some important factors triggering

globalisation have been: (i) privatisation of the mining and minerals industries in most

countries where these used to be state-owned, (ii) less focus on security of supply issues, 

promoting imports of supplies if prices are favourable, (iii) dramatically decreased 

1



transportation costs, opening up for the development of global markets even for bulky 

products such as coal and iron ore. Globalisation has overall had a pro-competitive effect due 

to suppressed prices of minerals products, which have been beneficial for the world economy.

However, while globalisation has intensified competition during the last decades a 

relatively recent wave of consolidation, mainly through a number of large scale mergers and 

acquisitions, has left the industries with far fewer and more dominant users. This has led to 

higher concentration rates in the world mining and minerals markets, and industry analysts 

have raised concerns about the possibility for large producers to influence prices. Figure 1 

shows the total amount spent on mergers and acquisitions in the mining industries over the

time period 1995-2006. Evident from Figure 1, in which the line indicates the percentage 

share of mining mergers out of total industry merger activity, is that merger and acquisition 

activity has been frequent during the last decade. Most likely this corporate strategy will 

continue, something which thus raises concern regarding the future competitive situation in

many of these markets (Ericsson, 2007). For a more detailed presentation of the merger

activity in these industries, see section 2. 

Figure 1: Mining Mergers and Acquisitions, 1995-2006
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Source: Ericsson (2007), Raw Materials Group, Stockholm, 2007.

Nevertheless, even if the competitive effects of the mergers may be negative, this could be

outweighed by the fact that the cost saving potentials of the mergers can be large. The above 

developments and concerns raise a number of questions about the impacts of the recent wave 

of mergers in the minerals industries. Will the bigger companies be able to influence prices?
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Or, will the mergers create new entities that are more cost efficient and thus more profitable

than their predecessors? What analytical techniques are appropriate for evaluating the market

power and efficiency impacts of mining mergers? What should be the attitude of national and 

international antitrust authorities towards mining and minerals mergers, especially given their 

cross-border nature? These are the most important questions addressed in this thesis.

The analysis is divided into two parts: (i) the determination of the relevant economic

markets using price and shipments data; and (ii) ex ante simulations of the competitive and 

efficiency effects using numerical market models and event study techniques. By relying on a 

number of economic techniques, all drawn from the industrial organisation literature, an 

assessment of the usefulness and the limitations of different approaches to market definition

and merger appraisal will be performed. In particular, the analysis will indicate to what extent 

different methods tend to provide opposing or similar results in relation to a specific question. 

As antitrust authorities are looking for more reliable and efficient ways of evaluating merger

proposals, such results will have policy relevance.

The first part of the thesis illustrates the issue of defining the relevant market. This can 

be done either in product space or in geographic space. These concepts are intertwined, but it 

is in order to emphasize some differences; product market definition involves determining

which brands are close substitutes to each other, while geographic market definition focuses

on determining whether products that are physically distant from each other belong to the 

same market. The latter is more important if the product is geographically dispersed and the 

transportation costs are high. Since this thesis focuses on the minerals industry, which is 

characterized by relatively homogenous products and where deposits are geographically 

distinct, the geographic market will be in focus.1 Defining the relevant market is considered to 

be an important step in a merger assessment study, since the initial market definition often is a 

strong determinant of the final outcome. The main reason for this is that a merger taking place 

on a broadly defined market most often has less competitive impact than if the market is 

narrowly defined (Merger Guidelines, 1997).

In the second part of the thesis we perform ex ante economic modelling of the 

competitive and efficiency effects of recent mergers. The use of quantitative methods, when 

analysing proposed mergers, has increased considerably during the last decade. The literature

1 The products in many mineral industries are often assumed to be relatively homogenous, especially when
compared to household products, e.g., cereals, where the same producer often produces several different brands.
However, we acknowledge that most minerals are differentiated in one way or another, not the least regarding
geographic location. See Lundmark and Wårell (2007b) for a discussion of product differentiation in the iron ore
industry.
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in this area is extensive and for a comprehensive review, see Baker and Rubinfeld (1999). 

Merger simulation methods represent one strand of quantitative methods that have been 

commonly used in merger assessments lately, see e.g., Farrell and Shapiro (1990); Hausman

et al. (1994); Werden (1997); Shapiro (1996); Epstein and Rubinfeld (2001; 2004a). Merger

simulation is an approach that combines demand elasticities with an assumption about the 

nature of competition to estimate directly the unilateral effects of a proposed merger on the

prices and outputs of market participants. The estimation of the new prices and outputs after a 

proposed merger involves a two stage process. First, estimates of relevant elasticities are 

required. Second, an assumption has to be made about the nature of competition in the market,

e.g., Cournot or Bertrand conduct.2

Both the European Commission and the U.S. Department of Justice (DoJ) have used 

merger simulations when analysing proposed mergers. An early example by the European 

Commission is given by the proposed merger between Volvo and Scania in 2000, a merger in 

the end blocked by the Commission.3 In the US the proposed merger between Interstate 

Bakeries and Continental Bakeries provides a good example of when merger simulation was 

successfully used in a merger case.4 The advantage of merger simulations is that they directly

provide estimates of the effects a merger will have on prices and outputs. This is in contrast to

the traditional approach to merger analysis that focused mainly on the market shares of the 

merging parties and the industry (Werden and Froeb, 1996). Generally, a market share of

about 35% for the merged firm has been seen as possibly anti-competitive. However, a focus 

on market shares can sometimes be a poor indicator of the parties’ market power, this since 

competition can be intense even in concentrated markets. Thus, the demand for quantifying

price effects rather than inferring them has increased considerably in merger analysis in recent

years (Walker, 2005).

2 In 1838 Antoine Augustin Cournot published his seminal work on oligopoly theory, arguing that firms compete
mainly by setting quantities. As a response to Cournot’s book, in 1883 Joseph Louis Francois Bertrand argued
that firms compete by setting their prices rather than quantities.
3 The estimated elasticities confirmed that Volvo and Scania heavy trucks were relatively close substitutes for
each other, while rival suppliers’ heavy trucks were less close substitutes for both Volvo and Scania heavy 
trucks. As a consequence, the results of the merger simulation suggested that the merger would have substantial
unilateral effects, with the prices of both Volvo and Scania trucks increasing about 5% in many EU countries and
by more than 10% in the Scandinavian countries (European Commission, 2000; Werden, 2000).
4 This case would have brought together the leading bakers of branded white pan bread in the US. The DoJ was
concerned that following the merger, the parties would be able to raise the prices of some of their bread brands
and therefore used retail data to estimate demand elasticities. The results of the simulation showed that the
proposed merger would have allowed the parties to substantially increase the prices of their brands, and on basis
of this evidence (along with other information pointing in the same direction) the DoJ filed a case against the
merger (United States v. Interstate Bakeries Corp., 1995). 
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Another approach to ex ante assess a merger proposal is to perform an event study 

analysis of the market reactions to different announcements in a specific merger case. This 

provides a different approach to analysing mergers that focuses on investigating the main

motive behind the merger. The event study methodology builds on the analysis of the stock 

market reactions of the merging firms, as well as their closest rivals. The maintained

hypothesis is that these reactions indicate whether the merger has had positive or negative 

impacts on the value of the firms, and also the possible welfare impacts on consumers. A 

positive impact on the value of the merged firms indicates that the main motive behind the 

merger was either efficiency or market power. A negative impact on the value of the firms is

not well explained by traditional microeconomic theory. However, more modern

microeconomic theories exemplified here by the managerial and hubris hypotheses provide 

explanations for possible negative effects resulting from the merger (e.g., Jensen and 

Meckling, 1976; Roll, 1986)). The event study approach can both be applied ex ante, focusing 

on analysing the merger proposal, i.e., before the merger has been accepted, and ex post,

focusing the analysis on the entire period of events around the merger proposal, i.e., including 

all important information releases about the merger. For a more detailed presentation of all the 

economic techniques applied in this thesis, see section 3.

To summarize, the overall objective of the thesis is to provide a detailed empirical

assessment of market integration and the implications of recent mergers in the mining

industry. This also permits evaluations of the different economic methods that can be applied 

in different antitrust situations, both regarding market definition and merger simulations.

2. The Empirical Scope of the Thesis
As was mentioned above, large scale mergers and acquisitions have been frequently occurring 

in the mining industry, at least since the mid 1990s. The largest merger deals in these 

industries, excluding gold and diamonds, between 1995 and 2006 are presented in Table 1. 

Evident from Table 1 is that the trend during the last year, 2006, shows that the mergers tend 

to become larger. Some of the biggest deals have been made in aluminium and copper, and 

some of the diversified mergers involve important ownership changes in the iron ore and coal 

industries. The companies involved generally stress that opportunities to reap benefits of

economies of scale and to achieve cost savings through productivity improvements constitute

the main rationales behind the merger activities (Ericsson, 2007). 
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Table 1: The Largest Mining Mergers and Acquisitions, 1995-2006 
Rank Buyer Target Sector Year Amount (MUSD)
1. Rusal – Russky Aluminii SUAL Group Aluminium 2006 30000
2. Freeport Phelps Dodge Corp Copper 2006 25900
3. CVRD Inco Ltd Nickel 2006 17896
4. Xstrata plc Falconbridge Ltd Diversified 2006 14484
5. BHP Billiton plc BHP Billiton Ltd Diversified 2001 14000
6. BHP Billiton Group WMC Resources Diversified 2005 7300
7. Alcoa Reynolds Aluminium 1999 4600
8. Alcan Algroup Aluminium 2000 4400
9. RTZ CRA Diversified 1995 4000
10. Alcan Pechiney Aluminium 2003 3841
11. Alcoa Alumax Aluminium 1998 3800
12. Anglo American Minorco Diversified 1998 3800
13. Texas Pacific Group Aleris International Aluminium 2006 3300
14. Inco Ltd Voisey’s Bay Nickel 1995 3278
15. Valepar AS CVRD Diversified 1997 3150
16. BHP Billiton Magma Copper 1995 2400
17. Rio Tinto North Ltd Diversified 2000 2030
18. Phelps Dodge Cyprus/Amax Copper 1999 1800
Source: Ericsson (2007).

The international coal industry is a representative example of a more consolidated market.

The creation of RTZ-CRA (subsequently Rio Tinto) in 1995 brought together the Australian 

and Indonesian coal assets of CRA and the U.S. as well as the South American coal assets of 

RTZ. Additional acquisitions have followed in Australia and the USA, especially with the exit

of the oil companies from the sector (Humphreys and Welham, 2000). This has led to higher 

concentration rates in the world coal market and industry analysts have raised concerns about 

the possibility of coal producers to influence prices (Regibeau, 2000). The international coal 

industry is also an illustrative example of a minerals industry where a globalisation trend has 

led to large structural changes. 30 years ago security of supply goals encouraged the 

development of national coal industries, whose output almost exclusively was dedicated to the

(often) state-owned power generation industry. Today it is argued that the coal industry is 

essentially a unified global market which keeps ‘regional’ prices in step with one another 

(e.g., Ellerman, 1995). Thus, the market for internationally traded coal has grown remarkably 

due to coal’s attractiveness as fuel input into power generation. These parallel developments

of the coal industry make it an interesting case to study regarding the definition of the relevant

market. Is the market for internationally traded coal regional or worldwide in scope? The 

answer to this question has important policy implications regarding the potential effects from

the recent mergers and acquisitions, i.e., in a regional market the potential anti-competitive

effects of a merger are more of a concern.

The iron ore industry is another mining industry that has experienced many mergers

and acquisitions during this time period, exemplified by CVRD-Ferteco (2001), BHP-Billiton 
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(2001), CVRD-Caemi (2001), Rio Tinto-North Ltd (2000) and North Ltd-Iron Ore Co of 

Canada (1997) (Ericsson, 2002). Figure 2 shows the increased concentration in the iron ore 

industry between 1975 and 2000, as measured by changes in the Herfindahl-Hirschman Index 

(HHI). The HHI is defined as the sum of squared market shares of all producers in the 

relevant market, and is commonly used by competition authorities as a measure of

concentration. Figure 2 indicates that the concentration in the iron ore market has increased 

substantially over this time period, and between 1995 and 2001 the HHI almost doubled. 

However, the concentration level in the iron ore market is still not very high from an antitrust 

point of view. According to the Merger Guidelines (1997), markets with a HHI of less than 

1000 are usually not of any competitive concern. 

Figure 2: Concentration in the Iron Ore Industry, 1975-2005 

1000
Rio Tinto-North Ltd 900
Approved merger 

Source: Raw Materials Group, Stockholm, 2007.

It is though worth noting that the market shares are based on world production, and if the HHI 

was measured on market shares calculated of seaborne sold iron ore, the concentration in the

market would be substantially higher. Indicated in Figure 2 are also some of the large merger

deals/proposals that have had a significant impact on the iron ore market. In June 1999, Rio 

Tinto and BHP confirmed that they had discussed a joint venture between their iron ore 

operations in Australia. However, since this would bring together the majority of the iron ore

production in Australia, the indication from the Australian Competition Commission, together

with the strong opposition from the Japanese steel mills, made sure that this merger deal never 

was realised (Mining Journal, 1999). However, about a year after these merger talks ended, 
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the merger proposal between Rio Tinto and North Ltd (the third largest iron ore producer in 

Australia) was announced and subsequently approved. In 2001, the merger between CVRD 

and Caemi was eventually approved by the European Commission, however, subject to 

divestitures.

All of these mergers have increased the concentration in the iron ore market, and an 

important question then becomes; what is the effect of the increased consolidation? The steel 

industry voiced a concern over iron ore producers becoming too powerful in the yearly price 

negotiations already in 2000, when the proposed merger between Rio Tinto and North Ltd 

was discussed (Kirk, 2000). Nevertheless, even if the competitive effects of the mergers may

be negative, this could be outweighed by the fact that the cost saving potentials of the mergers

may be large. However, this argument has also been questioned. Mergers in the mining

industry generally do not have as much potential for cost synergies as may be the case in 

many other industries. Most importantly, the advantages of economies of scale are not as 

easily realized since two mines cannot, for geological reasons, simply be merged (e.g., Kirk, 

2000).

In order to establish whether the consolidation trend in the iron ore industry has had a 

significantly anti-competitive effect on the iron ore market, a number of merger assessment

studies will be applied to the large mergers between Rio Tinto-North Ltd in 2000 and CVRD-

Caemi in 2001. The main contribution of this thesis to the existing literature is mainly the 

empirical analysis of specific markets/mergers in the mineral industries. This answers the 

question whether the large scale mergers have had pro- or anti-competitive effects on the

minerals markets, and what the main motive behind the mergers has been. A second, equally 

important, contribution is to apply different economic techniques to analyse the same markets

and mergers. For example, two merger simulation methods are applied to the same merger

cases. This can be seen as counter-productive, since it can be argued that one method should 

be better suited to explain the iron ore market.5 However, it is not always straightforward 

which model that best describes the actual market. In the case of many minerals markets the 

issue whether the product should be seen as homogenous or differentiated is often complex.

The application of two merger simulation models opens up for the possibility to compare the 

results from the models.

One limitation of the thesis is that only two minerals industries, coal and iron ore, have 

been analysed, coal in the case of market definition and iron ore is the focus in the merger

5 See Werden et al. (2004) for a discussion of the importance that the model used to predict the effects of a 
merger also fit the facts of the industry, i.e., that the model explains past performance reasonably well.
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assessment studies. Moreover, in the merger case study section, only two merger cases have 

been analysed. The main motivation for this is to make possible methodological comparisons, 

i.e., given that different methods have been applied to the same merger cases. It permits the 

comparison and evaluation of the usefulness of different models. However, an interesting 

topic for future research is to analyse more mergers in the mineral industries. It is worth 

mentioning that this thesis mainly focuses on empirical and applied work; no attempts have 

been made to develop new theoretical models applied to merger assessments in the mineral

industries. Another limitation concerns the fact that other possible structural effects after the 

merger have not been analysed, such as new entry or exit, repositioning, and collusive

behaviour. All of these are important for an antitrust practitioner in a real-case merger

appraisal. This thesis thus focuses primarily on the quantitative techniques that can form part

of a merger analysis, but that not alone can constitute a comprehensive merger assessment.

3. Methodological Issues 
As was noted above, a number of different methods can be applied in a merger assessment

situation. This concerns both the market definition task as well as the issue of simulating

merger impacts. In this section we highlight some of the most central methodological issues 

in these two areas.

3.1 Market Definition 

Identifying market boundaries is important for several reasons. From an industrial economists

point of view it is a way of intellectually organizing the central unit of analysis, markets,

where most of the economic activity that we focus on takes place. From an antitrust

practitioner’s point of view it is essential since the final decision in many antitrust cases will

be heavily determined by the market boundaries computed. Obviously there are more reasons 

to study market definitions, especially from a corporate strategist’s point of view. However,

this thesis focuses solely on the traditional definitions of markets that are presented below.

Before introducing the different methodological issues that are the focus of this thesis it 

is useful to distinguish between the definition of an antitrust market and an economic market

(Geroski, 1998).6 This is important since the former usually is what a competition authority is

interested in, but the latter is more often what is used in antitrust cases in practice. The 

definitions of these concepts in the literature are however not clear-cut, something which in 

6 Geroski (1998) uses the term trading market in regards to what here is noted as an economic market.
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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 (e.g., Cournot, 1838; Marshall, 1920). A widely used definition of 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 market is the area in 

which the prices of the products are linked to one another by the concept of supply- or 

demand-side arbitrage. A large amount of the early economic literature dealing with defining 

markets for antitrust analysis has been based on this classical view of economic markets.

Economic market boundaries can be identified by the use of many different 

methodological approaches. The most intuitive method would be to estimate cross-price 

elasticities of demand for the products under investigation. However, this is usually a difficult 

task to perform in practice since it is arbitrary to decide the magnitude of the cross-elasticity

in order to include/exclude the products in the defined market. Also, the data needed to 

compute the cross-price elasticities are often close to impossible to get hold of. Another 

method suggested to identify market boundaries is to apply the law of one price, i.e., 

identifying a geographical area where the same price is charged for the same product. 

However, since many products differ regarding one aspect or another it is complicated in 

practice to determine whether the price difference between two products violate the law of 

one price (Geroski, 1998). Thus, to overcome these problems other tests to identify a market

have been developed, such as shipment tests, cointegration and error correction tests of price 

series, Granger causality in price movements, and residual demand analysis (e.g., Elzinga and 

Hogarty, 1973; Stigler and Sherwin, 1985; Slade, 1986; and Scheffman and Spiller, 1987).

An antitrust market 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 geographical 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 SSNIP “small but significant 

and non-transitory increase in price” above prevailing or likely future levels” (Merger 

Guidelines, 1984: 13). Werden (1981) was among the first to emphasise the difference 

between a classical economic market and an antitrust 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 through collusion or merger) would result in a profit

maximizing price that significantly exceeds the competitive price” (Werden, 1981: 721).
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The most common approach to define the relevant antitrust market is thus to find the 

smallest group of products, and area, where a significant price increase profitably could be 

imposed. The standard test used by most antitrust authorities to define markets is the SSNIP 

test (sometimes also called “the hypothetical monopolist test”), which is designed to explore 

the consequences of a hypothetical price increase on the profitability of the hypothetical firm

that initiates it. The test starts with finding the smallest group of products and geographical 

area that is realistic. Then suppose that the products sold in that area are monopolized, and ask 

what would happen if that hypothetical monopolist were to raise its price by 5-10%. If that 

price increase is not profitable, then add the closest substitute product (or geographical area)

to the market area, and repeat the procedure. The process ends when the analyst finds a set of 

products sold in a particular area that would sustain a price rise of 5-10% by a hypothetical 

monopolist (Geroski and Griffith, 2003). 

The above discussion makes it clear that defining an economic market does not 

necessarily imply that an antitrust market has been defined as well. Why then are price tests

and shipments tests (that obviously define trading 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 determine what constitutes a “hypothetical”

monopolist. Tests for defining relevant antitrust markets 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 input in defining 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 investigation to 

prove the existence of an antitrust market.

Both market tests analysed 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 geographic market. 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 

second test relies on shipments data and a simple technique for calculating the relevant 

geographic market. The different methods are interesting given their different approaches to 

the problem of defining geographic markets. Moreover, applying two different methods for 
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defining the same relevant market also makes it possible to compare the outcomes from the 

estimations.

3.1.1 Price Tests for Defining a Relevant Market 

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

for delineating relevant 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.

A number of different price tests have been used for delineating markets, e.g., price 

correlations, estimation of speed of adjustment, econometric tests for Granger causality, 

Cointegration, and Error Correction models. The logic behind these tests is that two

geographically separated areas constitute a single market for a product when the prices at the 

different areas are correlated, i.e., over time follows the same price trend. In this thesis we 

perform the Cointegration and Error Correction tests. The logic behind these tests are that if 

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

then the areas do not belong to the same economic or antitrust market. The speed of 

adjustment parameter, which is an outcome of the econometric estimation of the Error 

Correction model, measures how fast the prices will converge towards the equilibrium level in

case of a price shock. Compared to e.g., price correlation tests the Cointegration and Error 

Correction tests are more econometrically complicated but they provide additional

information that is important when defining the relevant market.

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 economic market area, this does not necessary have to 
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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, giving rise 

to so-called spurious correlation. Given this situation, an assessment using 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 consumers, several 

different prices are likely to prevail.

An additional critique towards price test methods for delineating relevant antitrust

markets is that if the cost of transporting the product from one location to the other is very 

high, the two locations would be separate antitrust markets no matter what the prices are. If 

the transportation costs were low economic theory predicts that arbitrage should prevent 

substantial price differences. 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).

3.1.2 Shipments Data Tests for Defining a Relevant Market 

Elzinga and Hogarty (1973) introduced 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 therefore become widely used in 

delineating relevant geographic markets for antitrust purposes (Epstein and Rubinfeld,

2004b).

The tests that are 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 within the identified region are 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 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 thresholds that both the
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LIFO and LOFI tests should meet, is 75% for a “weak” market and 90% for a “strong” market

(Elzinga and Hogarty, 1973). The tests are only based on quantity data, and it is thus assumed

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

the demand and supply behavior.

One line of critique towards the use of the Elzinga-Hogarty test when delineating 

relevant markets is given by e.g., Giffin 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 is where 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 anti-competitive behavior within the market. Werden

(1981) notes that this problem would be avoided if the cross-elasticity of demand was known.

3.1.3 Concluding Remarks

Defining relevant geographic markets is conceptually straightforward but data limitations will 

constrain empirical work. Given that it is possible for either demand or supply factors to drive

market definition, there is no single best approach to define a relevant geographic market. In 

sum, the above methods are not mutually exclusive; rather they can be seen as complements

in a merger assessment study. The two methods generate different information into 

understanding the competitive situation in a market. For example, it is important to

understand historical product flow patterns in an industry when making decisions regarding 

future flows. For this reason, the Elzinga-Hogarty method using shipments data can often be a 

good starting point for a merger assessment study. The use of price data, either through price 

correlations or cointegration tests (which in principle is a refinement of analysis of

correlations of time series data), is also informative for geographic market definition. Price 
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movements between different geographic locations will indicate weather or not buyers would 

consider shifting purchases between different geographic locations in response to changes in 

prices.

3.2 Merger Assessment Approaches 

The merger assessment approaches focus on the direct competitive and welfare effects of 

horizontal mergers. The analysis will in this thesis rely on the use of two different

methodological approaches, which both can be used to ex ante determine the market power 

impacts of a proposed merger. The first method involves simulating the price effects of large 

mergers in the iron ore industry. Two merger models have been applied to the same merger

cases. The first model was proposed by Farrell and Shapiro (1990) and builds on a Cournot 

oligopoly model that assumes homogenous products and that firms compete in quantities. The 

other merger model relies on a Bertrand oligopoly model that assumes differentiated products 

and that firms compete in prices. The second method used for merger assessment is an event 

study analysis. This line of research uses stock prices to evaluate the effects of a horizontal 

merger by examining who gains and loses when mergers, merger challenges or an antitrust

complaint are announced (e.g., Mullin et al., 1995). In this way different hypotheses regarding 

market expectations about market power and/or efficiency can be tested. 

3.2.1 Merger Simulation

Merger simulations make quantitative estimations of the likely price effects resulting from the 

merger based on the pre-merger situation. These estimations are used to predict the likely 

anti-competitive unilateral conduct of the post-merger firm. Unilateral, or non-coordinated,

effects arise when the merged firm enjoys market power without depending for its

profitability on coordinated interaction with the other firms in the market. Merger simulation

analysis thus evaluates the ability of the merged firm to raise the prices of its products through 

unilateral decisions and without relying on collusive conduct. An increase in price by the 

merged firm will increase the demand for rival firms’ products as consumers switch their 

demand towards these alternatives, and will therefore encourage rivals to raise prices too.

However, the result of merger simulations will be dependent upon the assumptions that are 

necessary to perform the task. As a consequence one should see the simulated price effects in 

the light of the assumptions made, and only as rough estimates of the likely effects of the 

merger (Werden and Froeb, 2006). 
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Merger simulation involves choosing a functional form of demand that identifies the 

relationship between prices and quantities in the market. The merger simulation model must

comply with certain demand and supply conditions in order to be effective. Regarding the 

demand model, the own price elasticity of each product should be negative and the cross price 

elasticities should be positive if the products in the market are substitutes. Regarding supply, 

the cost function needs to be specified. Moreover, the analyst has to make an assumption

about the nature of competition on the market, i.e., Cournot or Bertrand conduct. A distinction 

between these is that Cournot competition assumes that firms compete in output/capacity and

Bertrand competition assumes that firms compete in prices (Kokkoris, 2005). The Cournot 

model of oligopoly that will be analysed in this thesis also assumes that the products on the 

market are homogenous, while the Bertrand model assumes that the products are

differentiated.

The results of merger simulation critically depend upon the accuracy and reliability of 

the estimated demand elasticities and the assumption made about the nature of competition. 

There are different merger models that can be applied to a merger case, where the choice of 

model usually depends on the specific market that is investigated. However, when analysing 

mergers in many mineral industries, the choice of competitive situation is not always a 

straightforward one. Certain characteristics of these markets make it more complex to

distinguish whether e.g. the product is homogenous or differentiated. Below two merger

models have been applied to the same merger cases in the iron ore industry. These merger

models assume different competitive situations for the firms and have two completely

different approaches to simulating the merger. The purpose of this exercise is to illustrate that

since the choice of competitive situation is not always a clear-cut one, it is interesting to see 

how much the results of the merger simulation differ due the merger model applied. 

Cournot Industries with Homogenous Products 

A Cournot industry assumes that the actions of firms are their output decisions and the 

original Cournot model also considered an industry producing homogenous products. The 

basic Cournot model thus assumes that competing firms, producing a homogenous product, 

simultaneously choose how much to produce in a one-shoot game. From the Cournot model it 

follows that larger firms will have a lower marginal cost in equilibrium. Farrell and Shapiro 

(1990) provide a formal derivation of the Cournot model and they show that mergers in 

Cournot industries cause prices to rise unless they generate sufficiently large synergy effects. 

Without synergies the profit maximising choice for the merged firm is to produce less than 
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the sum of the pre-merger firms output. Given that the firms’ quantities are treated as 

substitutes, the reduction of the merged firm’s quantity post-merger leads rival firms to 

expand their output. Thus, the result of the merger absent synergies is that the merger leads to 

a reduction in quantity and increase in price. However, the decrease in quantity will not be as 

large as the initial reduction in output by the merged firm, due to the offsetting by the rivals 

output expansion (Werden and Froeb, 2006).

An important issue for merger simulations in Cournot industries is the assumption on 

the cost function. The firms in the industry are characterized by their cost functions, and the 

result of a merger will be dependent on the structure of the cost functions in the industry. For 

example, if assuming constant marginal costs without capacity constraints, the effect of a 

merger will in theory be that the higher-cost firm is destroyed. Given that this is an 

unreasonable assumption in the real world, assuming constant marginal costs without capacity 

constraints is not very useful. An interesting case introduced by Farrell and Shapiro (1990), 

and applied by Werden (1991) and McAfee and Williams (1992), assumes linear demand and

quadratic costs that is dependent upon the firm’s capital stock or capacity. Given these 

assumptions a merger between two firms in the industry will combine their capital

stock/capacity. Solving this model one finds that the larger the change in capacity due to the

merger, the larger is the impact of the merger on price.

Regarding profitability, Salant et al. (1983) show that in a symmetric Cournot industry, 

assuming linear demand and constant marginal costs without any capacity constraints, a

merger between two firm’s in an industry will generally be unprofitable unless the new firm

has at least a 80% share of the market. However, the assumption of constant marginal costs 

without capacity constraints is unrealistic, and Perry and Porter (1985) show that profitable

mergers are more likely to occur when assuming increasing marginal costs that is dependent

on capital stock or capacity. In sum, to perform merger simulations in a Cournot industry 

requires functional forms of demand and cost, estimates of the industry elasticity, and pre-

merger market shares of involved firms, in order to estimate likely price and quantity effects 

from the merger. Of course, in order for merger simulation to be meaningful, it is important

that the assumptions of the Cournot model reasonably well match the industry.

Bertrand Industries with Differentiated Products 

In a review of Cournot’s book, Bertrand (1883) argued that it was more likely that the actions 

of firms’ in an industry were prices. In the Bertrand type of competition with homogenous

products, prices will rapidly collapse to marginal costs. With differentiated products, firms are 
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able to adjust prices without losing the entire market, and as a result mergers usually raise 

prices and are profitable for all firms in the market (Deneckere and Davidson, 1985). Even 

when the products of the merging firms are not close substitutes, the anti-competitive effect of 

the merger may still be considerable. The prices of different products can be seen as 

complements in Bertrand industries. This implies that a price increase of one good typically 

causes rival firms to increase their prices, but often to a smaller extent. In other words, a price 

increase generates a positive response on the market, and this encourages the merging firms to 

further raise their prices. Thus, unless the merger leads to synergy effects, translating to lower 

prices, a merger in a Bertrand industry will increase all firms’ post-merger prices (Kokkoris, 

2005).

Merger simulations in a Bertrand industry require the same basic steps as for a Cournot 

industry, i.e. specifying the functional forms for demand and costs, calibrating/finding 

parameters such as own-price and cross-price elasticities, in order to estimate post-merger

prices and market shares. One thing that complicates merger simulations in Bertrand

industries is that the calibration of the parameters of demand functions is considerably more

difficult when products are differentiated compared to when they are homogenous. Moreover, 

the higher-order properties of the demand will have an impact on the price effect resulting

from the merger. For example, Crooke et al. (1999) shows that a demand model with constant 

elasticity will result in price increases more than double of those generated by a linear demand

model. However, capacity constraints are not as important when products are differentiated 

compared to an industry with homogenous products. This is because the output of the rival 

firms’ is most likely not going to change considerably after the merger. Most common is

therefore to assume constant marginal cost for the relevant range of output (Werden and 

Froeb, 2006). 

Given that merger simulation models using different functional forms tend to generate 

different outcomes in Bertrand settings, a presentation of different models is provided 

(Crooke et al., 1999). As mentioned above, one of the forms of demand that can be used in 

merger simulations is the linear demand model. An advantage with the linear demand model

is that it makes computations of the post-merger equilibrium relatively easy. However, a 

disadvantage of the model is that it requires the estimation of a large number of parameters,

and it is possible that the estimated parameters are of the wrong sign. An alternative to the 

linear form of demand is the log-linear form, i.e., assuming constant-elasticity. This model

also has disadvantages, e.g., all own- and cross-elasticities are invariant to prices when 

assuming constant elasticity of demand. These two forms of demand are therefore not 
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commonly applied in merger simulations in Bertrand industries (Hosken et al., 2002). 

Moreover, Crooke et al. (1999) show that the linear and the log-linear forms of demand

produce the lowest and highest estimated price effects in a comparison between four different 

functional-forms.

The most common forms of demand used in merger simulations are therefore the logit

form and the AIDS model. Werden and Froeb (1994) and Werden et al. (1996) advocate the 

use of the logit model mainly because it is analytically tractable and also not very data-

intensive. Werden and Froeb also present a logit model that is adjusted to fit antitrust merger

simulations, the ALM (antitrust logit model). The ALM is based on the IIA (independence of 

irrelevant alternatives) property which implies substitution proportionate to, in this case,

market shares. This implies that if the price of one product increases consumers switch to 

other products in proportion to their market shares. This assumption is practical because it 

greatly reduces the number of parameters to be calibrated; it is also however restrictive and 

may not be applicable in all industries (e.g., Hosken et al., 2002). The IIA assumption can 

though be made less restrictive when applying a so-called nested logit model (Werden and 

Froeb, 2006). However, this complicates the model considerably, thus making it less 

tractable.

The other functional form of demand that is frequently used in merger simulations is 

the AIDS model. This model was first proposed by Deaton and Muellbauer (1980), and

advocated by Hausman et al. (1994) in empirical merger analysis. The AIDS model has a 

more flexible form of demand and allows estimations of own-price and cross-price elasticities

consistent with economic theory. In addition, its economic properties are often regarded as

more advanced compared to alternatives used in merger simulation, including linear, constant-

elasticity (log-linear), and logit demand models (Epstein and Rubinfeld, 2002). One 

disadvantage with the AIDS model is similar to that identified for the linear demand

approach, i.e., it requires the estimation of many parameters that may end up having the 

wrong signs, thus being contradictory to economic theory. Moreover, even if the AIDS model

allows elasticities to adjust when the equilibrium prices and quantities change, it limits how 

these adjustments are being made. The extent of the price increases post-merger match the 

changes in the elasticities, and the more elastic demand becomes the less the price will rise

(Kokkoris, 2005).

Epstein and Rubinfeld (2001) propose a merger simulation model based on the AIDS 

model that is considerably less data-intensive. The PCAIDS (Proportionately Calibrated 

AIDS) model can estimate the AIDS functional form of demand only using the own-price 
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elasticity of any product in the market and the market’s price elasticity. This information

together with data on market shares are sufficient to generate the price and quantity effects of 

a horizontal merger. According to Epstein and Rubinfeld (2001), the PCAIDS model is 

analytically flexible at the same time as it sustains many of the desirable properties of the

AIDS model. The PCAIDS model assumes that the IIA property holds pre-merger.7 This is

the same restrictive assumption that the ALM model uses; it does however not appear as 

complicated to relax the IIA assumption for PCAIDS (Epstein and Rubinfeld, 2004b). Epstein 

and Rubinfeld (2004a) propose an extended version of the PCAIDS model that uses nests, 

assuming that products that are closer substitutes, than is assumed by proportionality, can be 

placed in the same nest. Moreover, the PCAIDS model does not need price data, something

which e.g., the ALM model requires. In the present thesis we apply the extended PCAIDS 

model in merger simulations in accordance with the above motivations.

 Advantages and Limitations with Merger Simulation 

Werden and Froeb (2002) stress that calibrated merger simulation models provide several 

advantages in merger analyses. One advantage of applying merger simulations, as with any 

formal modelling method, is that important assumptions have to be made explicit. This brings

the essential issues of the investigation into sharper focus. Another advantage concerns the

quantification of the model. Relying on calculations compared to intuition adds accuracy to

the investigation. In other words, applying merger simulations makes the analysis more

concrete regarding the facts of the case and better related to relevant economic theory. “While

merger simulation applies abstract theoretical models, its proper use assures that the specific 

facts of each case plays a central role in merger simulation.” (Werden and Froeb, 2006: 34).

An important limitation of merger simulations is that the price effects are sensitive to

the functional forms of demand (in Bertrand industries) and costs (in Cournot industries). 

Thus, the price effects need to be treated as rough estimates that have to be seen in the light of 

the assumptions made and are always subject to modelling error, given that the model never 

perfectly can describe the real-world market. Moreover, the data can suffer from sampling

errors in the statistical estimation of relevant model parameters, e.g., the own- and cross-price 

elasticities. Also to bear in mind, merger simulation only predicts the short-term price effects 

resulting from the merger; issues such as entry, product repositioning and other structural 

changes are not considered (Werden et al., 2004).

7 According to the authors this assumption is however not unlikely in industries with limited brand 
differentiation (Epstein and Rubinfeld, 2004a).

20



3.2.2 Event Studies 

The event study methodology “simulates” the possible anti-competitive effects of a merger by 

analysing the stock market reactions of involved firms at the time of the merger

announcement. The basic idea is that the stock markets contain information that could be used 

when predicting the future profitability in the market. Event study analysis has its roots in the 

finance literature and the approach to examine possible anti-competitive effects of proposed

mergers was first introduced by Eckbo (1983) and Stillman (1983). Event studies thus

analyses the abnormal stock price performance of the merging firms and their closest rivals 

both during the time of a merger announcement and during subsequent information releases. 

The basis for the analysis is the assumption that a horizontal merger changes the competition

in the market, which transforms into changes in product and factor prices. The stock market

will adjust to these changes, thus resulting in abnormal returns for both merging firms and 

their rivals. The direction of the abnormal returns for the involved firms can then be used to

predict the underlying motive behind the merger, and thus whether the merger will have pro-

or anti-competitive effects. 

The hypotheses explaining economic gains from horizontal mergers can be classified 

into two broad categories, neoclassical theories and managerial theories. The neoclassical

hypotheses assume that the merger is value-enhancing for both the bidder and the target firm, 

something which presume that managers act in their share holders’ interest. The merger can

either be pro- or anti-competitive, as illustrated by the efficiency and market power 

hypotheses. By estimating close rivals’ abnormal return for the merger announcement it is

possible to determine the likely effect of/motivation for the merger at hand (Duso et al., 

2006a). For example, when the abnormal return of rival firms’ increases significantly due to a 

merger announcement, it is assumed that the market power hypothesis is the likely outcome

of the merger. This is the case since the market power hypothesis predicts that a horizontal 

merger encourages dominant firm pricing or collusive behaviour, which causes an increase in 

prices of all firms in the market. Unfortunately, empirical evidence shows that it is not always 

the case that the merger results in an increased profitability for the merging firms (Roller et 

al., 2000). These unsuccessful mergers are difficult to explain when using traditional 

neoclassical theories. However, there are more modern microeconomic theories, such as 

transaction costs economics and principal-agent theories, which can be used to explain this

result. These non-wealth maximizing theories have here collectively been named managerial 

theories.
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However, the use of stock market data in anticipating horizontal mergers competitive

effects has not been extensive. One reason for this could be many economists’ scepticism 

towards the stock market’s ability to correctly anticipate the competitive effects of mergers

(Duso et al., 2006b). The role of stock market studies in formulating antirust policy towards 

horizontal mergers have been criticised by e.g., Werden and Williams (1989). They argue that

antitrust enforcement authorities should have better information than investors since they 

receive information from all the relevant sources in an antitrust case. Werden and Williams

(1989) thus question that there is anything to learn from the stock market. Eckbo (1989) 

defends the approach and argues that stock prices that have been set in a rational market will 

entail information that is useful for analysing whether mergers are anti-competitive or not. In 

a recent study Duso et al. (2006b) compare stock market and accounting data in an attempt to

answer whether the event study methodology is useful for merger analysis. Using a large 

sample of EU mergers between 1990 and 2002 they find empirical evidence that the event 

study methodology is useful for the competitive analysis of mergers, i.e., the abnormal returns

at the time of the merger announcement and the ex post profitability of mergers are positively

correlated.

Advantages and Limitations with Event Studies 

The main advantage with the stock market approach is that it can be seen as an independent

assessment of the competitive consequences of mergers, i.e., it does not rely on data that are 

supplied by the merging parties that possibly is both incomplete and subjective. Rather the 

approach can be seen as exogenous (Duso et al., 2006a). Other advantages of the event study 

methodology are that stock market data are relatively easy to obtain, and that the estimation of 

abnormal returns are relatively straightforward. Moreover, compared to accounting data, stock

market data have the advantage of being forward-looking, i.e., they are better suited to capture 

firm performance after the merger is in effect. The main limitations of the event study 

methodology are also strongly connected to the use of stock market data. One limitation of the

use of stock market data arises when the merger involves large conglomerates that receive 

only a small part of their profit from the market in which the merger takes place. For example,

McAfee and Williams (1988) argue that it is difficult to detect market power when the rivals 

of the merging firms are large corporations whose stock prices depends on their operations in 

many markets. Another limitation of using stock market data occurs when a merger

announcement signals the possibility of future structural changes in the market. For example,

the change in the stock price of competitors may reflect the signalling effect of alternative
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mergers in the market, rather than the consequences of the announced merger (see e.g., 

Eckbo, 1989; Fridolfsson and Stennek, 2005). 

4. Outline and Summary of Papers 
This thesis consists of five self-contained papers. The topics of the included papers can be

subdivided into two interrelated parts. The first part (Papers I and II) focuses on the definition

of the relevant geographic market for internationally traded steam and coking coal. Paper I 

defines the relevant market by applying cointegration and error-correction models on 

quarterly price series data, while Paper II applies both a price test and a test based on 

shipments data when defining the relevant market for traded coal. This thus opens up for the

possibility to compare the two methods for assessing the boundaries of the markets under 

investigation. The second part of the thesis (Papers III, IV, and V) focuses on evaluating large 

mergers in the iron ore industry. Paper III applies a merger simulation model introduced by 

Farrell and Shapiro (1990) that assumes that the competitive conduct in the market can be 

represented by a Cournot model with homogenous products. Paper IV recognizes that iron ore 

is differentiated both as a product but also in the sense that each mine is geographically 

separated. Thus, the merger simulation model applied in this paper is based on Bertrand 

conduct where the firms’ individual mines are regarded as separate products. Given that the 

iron ore market shows evidence of both Cournot and Bertrand competitive conduct it is 

interesting to analyse whether the results from the two different merger simulation models

differ significantly. Papers III and IV both addresses two large iron ore mergers; Rio

Tinto/North Ltd in 2000 and CVRD/Caemi in 2001. Paper V applies a so-called event study 

to the Rio Tinto/North Ltd merger. This study is performed in order to approach the merger

from a different angle, and its main purpose is to investigate the main motive behind the

merger. The paper analyses both the market reactions to the merger announcement date, and 

relevant information releases connected to the merger.

Paper I: Market Integration in the International Coal Industry: An Error Correction 

Model. The Energy Journal, 27(1): 99-118, 2006. 

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 analysing 

whether the steam and coking coal price series in Europe and Japan are cointegrated. The 
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results, when examining the entire time period, show that for both markets the existence of a 

world market cannot be rejected, as demonstrated by the long-run cointegrating relationship 

between the price series in the different world regions. A policy implication from this result is 

that mergers within a particular country or region ought to be less problematic, since the 

relevant boundary for the steam and coking coal markets are world-wide instead of regional. 

The short-run adjustments to the long-run levels have also been studied, and these results

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

coal. Thus, there are tendencies towards greater market integration for coking coal. 

In order to test for market integration over time, the price series data have been 

separated into two time periods, the 1980s and the 1990s. The structural break in 1990 is 

confirmed for steam coal, but not for coking coal. The results regarding steam coal show that 

cointegration cannot be confirmed in the 1990s, and therefore it cannot be concluded that a 

world market existed in the 1990s. Furthermore, when conducting the same regression using 

spot prices, this rather surprising result is confirmed. One policy implication of the finding of 

a more regional market for steam coal in the 1990s compared to the 1980s is that a merger

during the former period might have added more to the merged companies’ market power.

However, the finding of non-cointegration for the steam coal market in the 1990s does not 

have to imply that competition in the market is constrained. Defining market boundaries is

only a first step in competition analysis and the methods are limited as a means to analyse 

antitrust issues, partly because the competitive situation in the market is not directly

estimated. The cointegration and error-correction methods do however provide useful 

information in antitrust cases that can complement other analyses.

Paper II: Defining Geographic Coal Markets Using Price Data and Shipments Data.

Energy Policy, 33(17): 2216-2230, 2005. 

Given the importance of coal in world energy supply an analysis of the relevant geographic 

market is essential for consumers, producers, as well as for competition policy. The purpose

of this paper is to define the relevant economic market for steam and coking coal, and to test

the hypothesis of single world markets for these coal products. Methodologically the paper 

relies on two different tests for defining markets, using shipments data and price data, 

respectively. The results from both methods point in the same direction. In the case of 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 market is
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more regional in scope, and there exist no clear tendencies of increased integration over time.

One policy implication of the finding that the steam coal market is more regional in scope,

and thus that the market boundary is smaller than if the market would have been international, 

is that a merger and acquisition in this market likely would have been of more concern for 

antitrust authorities than the same activity in the coking coal market.

Finally, the methods applied are limited in their use for analysing antitrust issues, at 

least when used alone. However, they still provide useful information and guidance for 

antitrust practitioners. The shipment test provides a good understanding of the historical 

product flow patterns, which is essential for understanding future product flow patterns. The

price tests are important since the price movements between different geographic locations 

will indicate weather or not buyers would consider shifting purchases between different 

geographic locations in response to changes in prices. When used in combination with other 

tests, which preferably provide some notion of the own- and cross-price elasticities of 

demand, the antitrust analyst should be provided with a good understanding of the 

competitive situation in the market.

Paper III: Horizontal Mergers in the Iron Ore Industry – A Merger Simulation Approach. 

(with Robert Lundmark). Manuscript, 2007. 

The purpose of this paper is to analyse the price and welfare effects from the iron ore mergers

between Rio Tinto and North Ltd in 2000, and CVRD and Caemi in 2001. The analyses are 

conducted using a merger simulation model that, based on the pre-merger situation estimates

the post-merger outcome. This paper applies a standard Cournot framework model where 

each firm produces a single homogenous product, and the firms set which quantity to supply. 

The results from the merger simulation regarding the Rio Tinto/North Ltd merger show that 

the estimated price increase due to the merger is 5.8%. Regarding the CVRD/Caemi merger

the initial concentration on the market pre-merger is substantially larger than the year before,

and the results indicate that the estimated price effect from the merger is more significant, 

almost 7%. In both merger simulations the overall welfare effect is estimated to be negative,

something which thus does not support the European Commission’s decisions to allow these 

mergers.

The Cournot model is a theoretical model that is based on some strong and restrictive 

assumptions that will have an impact on the overall results from the merger simulations. For 

example, the results show that the mergers are not profitable for the involved parties. One can 
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question whether this result reflects the actual outcome in the market. It is though important to 

note that we have not included any cost efficiencies in our merger model. In the case of 

mining industries, the cost efficiencies involved can however be limited due to the fact that 

mines cannot physically merge. Another limitation of this merger simulation model is the 

assumption of homogenous products. Most products, even in the mining and minerals

industries, are differentiated in one way or another. Using merger models that allows for this 

will provide results that are more flexible.

Paper IV: Horizontal Mergers in the Iron Ore Industry – An Application of PCAIDS. (with 

Robert Lundmark). Manuscript re-submitted to Resources Policy, 2007. 

The purpose of this paper is to estimate and analyse the price effects from the mergers

between Rio Tinto and North Ltd in 2000, and CVRD and Caemi in 2001. The analyses are 

conducted using a merger simulation model that, based on the pre-merger situation, estimates

the post-merger outcome. This paper applies the so-called Proportionality-Calibrated Almost

Ideal Demand System (PCAIDS) model, which assumes that the product is differentiated and 

that the firms’ strategic variable is price. The results from the merger simulations regarding 

the Rio Tinto-North Ltd merger indicate an average market price increase of about 2.5%. The

relatively moderate increase in the post-merger market price indicates that the merger most

likely is not of any anti-competitive concern. This result is also in line with the European

Commissions decision to allow the merger between Rio Tinto and North Ltd without any 

objections.

Regarding the results from the merger simulations of the CVRD and Caemi merger the 

pre-merger situation was already more concentrated compared to the year of the Rio Tinto-

North Ltd merger. The estimated market average price increase from the merger was larger,

i.e., an increase by about 4.5%. The price effect from the merger simulation thus supported 

the Commission’s decision to remove Caemi’s Canadian mine in order for the merger to go 

thorough. When performing merger simulations without the Canadian mine, the expected 

market price increase following the merger decreases to about three percent. Thus, the results

from the merger simulation analyses indicate that the Commission’s rulings regarding both 

the Rio Tinto/North Ltd and the CVRD/Caemi mergers were sound. This also illustrates that 

merger simulations can provide valuable information in traditional merger assessment studies. 

An overall conclusion from this study is that the price increases in the iron ore market, due to

the mergers, do not seem to have been of any competitive concern. However, merger
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simulations of price effects are primarily important complements to traditional merger

assessments. These analyses still need to be complemented by analyses of dominant

strategies, entry and exits, and other possible anti-competitive strategies.

Paper V: A Horizontal Merger in the Iron Ore Industry: An Event Study Approach. 

Forthcoming in Resources Policy, 32(1), 2008.

The purpose of this paper is to analyse the competitive and efficiency impacts of the iron ore

merger between Rio Tinto and North Ltd in 2000, using an event study approach. This 

method uses stock market reactions of the merging firms as well as their closest rivals at the 

time of the merger announcement. The market reactions, either positive or negative, are then 

used to infer the main motive behind the merger. The results from the event study using an 

11-day event window indicates that the merger between Rio Tinto and North Ltd did create 

value for the stockholders, given positive effects on both Rio Tinto’s and North Ltd’s stock 

prices on the announcement day. The market thus believed that the company either would be 

more efficient, or would be able to increase prices as is expected in the market power 

hypothesis. When studying the stock market reaction of the closest competitor, BHP, the 

conclusion of which motive (efficiency or market power) that was behind the merger could

not be confirmed statistically.

However, when adjusting the event window to include several relevant information

releases for the merger case the result shows that BHP’s stock market reaction was 

significantly negative, which indicates that the merger was supported by efficiency motives.

Thus, according to the market reactions, there is no evidence showing that this large merger

will have a negative impact on the competition in the market. Given the efficiency motive, the

expected welfare gains from the merger are positive. Moreover, this result supports the

Commission’s decision to allow the merger between Rio Tinto and North Ltd. This paper also 

shows that an event study can be an important tool for analysing merger proposals. Compared

to a ‘full-on’ merger investigation the event study is quick and easy to apply. It is though 

important to note that the efficient market hypothesis, which the event study methodology

builds upon, has been criticized and it is therefore essential to use more than one method

when evaluating the motive behind merger proposals.
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5. General Findings and Implications 
This dissertation examines the relevant market boundaries and the competitive and efficiency 

impacts of horizontal mergers in the minerals industries worldwide. Furthermore, a number of 

economic techniques have been applied in order to evaluate different methods that can be 

applied in merger appraisal. Below some of the general findings and comparisons from the

five self-contained papers that are appended in this thesis are summarized. Finally, we also 

briefly outline some important policy implications.

5.1 General Findings and Comparisons 

Regarding the market delineation studies of the international coal market both methods point 

in the same direction. For coking coal the methods indicate essentially a globally integrated 

market. However, the results for steam coal show that in comparison to the coking coal case

the former market is more regional in scope and there exist no clear tendencies of increased

integration over time. Regarding the applicability of the methods, the overall conclusion from

this study is that both methods applied are useful as a first assessment of the competitive

situation in a market. However, the methods applied are limited when analysing antitrust 

issues, at least when used alone. When used in combination with other tests, which preferably

provide some notion of the own- and cross-price elasticities of demand, the antitrust analyst

should however be provided with a good understanding of the competitive situation in the 

market.

When comparing the results from the two merger simulation studies it is evident that 

the Cournot model estimated larger market price increases than the Bertrand model.

Moreover, the overall welfare effect when applying the Cournot model is negative, something

which contradicts the Commission’s ruling in the two cases. The estimated market price

increases when simulating a merger in a Bertrand setting are not in the range where a 

competition authority would prohibit a merger. Thus, these two models came to somewhat

contradicting conclusions regarding the effect of the merger. The event study analysis of the 

merger between Rio Tinto and North Ltd provided useful information for understanding 

merger motivations and outcomes. According to the market reactions, there exists no evidence 

showing that this large merger in the iron ore industry will have a negative impact on 

competition in the market. The expected welfare gains from the merger are instead positive

since the main motive behind the merger is judged to be efficiency improvements. This result 

thus supports the Commission’s decision to allow the merger between Rio Tinto and North 
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Ltd. Compared to the merger simulations studies the event study method formulates and tests 

several motivations for a merger, not the least efficiency improvements. In merger

simulations any potential efficiency improvements have to be inferred from the information

provided by the merging parties, information that is thus not independent but rather 

exogenously determined. Merger simulation methods assume essentially that any motivation

behind the merger is related to the exercise of market power.

5.2 Policy Guidance 

The market definition techniques can provide useful information and guidance for the 

antitrust practitioner, especially when the analyst does not have access to extensive data 

and/or are under time constraints. These methods can provide a good first assessment of the 

market situation. The shipment test provides a good understanding of the historical product 

flow patterns, and the price tests are important since the price movements between different 

geographic locations will indicate weather or not buyers would consider shifting purchases 

between different geographic locations in response to changes in prices.

The use of merger simulations in merger assessment studies has grown remarkably

during the last years. For an antitrust practitioner a relevant question then becomes; are

merger simulation methods relevant to use when assessing mergers in the minerals industry?

In many minerals industry, here exemplified by the iron ore industry, the choice of 

competitive situation is not always straightforward. At first glance the iron ore industry

probably has more resemblance with a Cournot industry, given that iron ore is a rather 

homogenous product that naturally is capacity constrained. However, the Cournot merger

simulation model builds upon some strong assumptions that seldom fit the real-world 

situation. Regarding the Bertrand merger simulation model, it is more sophisticated than the 

Cournot model and it also acknowledges that there is some differentiation between each mine

and iron ore output. However, it is not obvious that the competitive situation in the iron ore 

market is best described by Bertrand conduct. The above conclusions do not however suggest 

that merger simulations as such are meaningless. Rather they reflect the possibility that the

assumptions that are necessary in order to simulate the models do not accurately portray the

actual situation in the market. In order for the results from merger simulations to be

meaningful it is imperative that the assumptions of the model well describe the reality in the 

market.

Unfortunately the overall conclusions from the different merger simulation models

diverged and given this it is difficult to asses which merger model that best resemblance the
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competitive situation in the iron ore market. Perhaps neither a Cournot nor a Bertrand model

is consistent with the actual competitive conduct in the market. In the case of iron ore, a 

model that more explicitly portrays imperfect collusion among sellers and among buyers 

would perhaps better explain the competitive situation of the market. This model would 

recognize that the price of iron ore is determined through some sort of annual bilateral

oligopoly price setting mechanism, and then the producers sell what they can up to their 

capacity constraint. However, to model this requires time and deep knowledge about the 

specific market situation, something which often is lacking in merger assessment studies. 

The use of event studies in merger assessment studies has not been extensive; rather it 

is a method that has its roots in the finance literature. However, the results from an event 

study can significantly complement traditional merger evaluations in adding a different 

perspective, i.e., the reaction from the stock market. This perspective could be seen as

independent given that it does not either take the merging parties’ or the antitrust authorities’

view. Another strength of the event study is that it implicitly includes several motivations

behind a merger, and thus no estimates of potential cost efficiencies are needed to conclude 

that, say, efficiency improvements have been the main motivation behind the merger. Event

studies can thus provide hints about the motives behind the merger, something which in turn 

can set the direction for further merger analyses.
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Abstract

Given the importance of coal in world energy supply an analysis of the relevant geographic market is essential for consumers,

producers, as well as for competition policy. The purpose of this paper is to define the relevant economic market for steam and coking

coal, and to test the hypothesis of single world markets for these coal products. Methodologically the paper relies on two different

tests for defining markets, using both shipments data and price data. The results from both methods point in the same direction. In

the case of 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 market is more regional in scope, and there exist no clear tendencies of

increased integration over time. One policy implication of the finding that the steam coal market is more regional in scope, and thus

that the market boundary is smaller than if the market would have been international, is that a merger and acquisition in this market

likely would have been of a more concern for antitrust authorities than the same activity on the coking coal market.
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1. Introduction

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 by more than 75%, in North
America the increase was almost 30%, and in Europe
the equivalent was about 20% (Keay, 2003). This
development does not show signs of deceleration. Coal’s
share in generating electricity is about 34% (2000)
globally, a number which has been relatively constant
during the last decade (IEA, 2001). Developments in the
coal industry, mainly the large increase in traded coal
during the last decades, have led many analysts to

describe the market for internationally traded coal as an
integrated international coal market (e.g., Ellerman,
1995; IEA, 1997; Humphreys and Welham, 2000).

Lately the coal industry has experienced a number of
mergers and acquisitions, which have led to a more
consolidated market (Regibeau, 2000). This develop-
ment 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 boundaries for coal. Defining market boundaries
is an important part (of several steps) when determining
whether a market is anti-competitive or not. At first, the
market shares of leading firms are evaluated and
compared to critical threshold values.1 It is in this initial
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phase that market boundaries are defined and assessed.
Given the relevant market boundary, in this case either
regional or international, the concentration ratios will
have different effects, i.e., if the market is regional it is
more likely that, e.g., a merger, will have anti-
competitive effects than if the market is international.
After this initial step, an antitrust analysis need also to
establish if there are barriers to entry, and if the existing
firms conduct any anti-competitive behaviour, such as
price discrimination, collusion, or have mark-ups that
indicate abnormal profits. It is important to note that
this paper will only consider the definition of market
boundaries and will therefore not be able to answer
questions regarding anti-competitive behavior.

The aim of this paper is to define the relevant
economic market for steam and coking coal with the
use of shipments data and price series data to test the
hypothesis of a single world market for coal. Methodo-
logically the paper relies on two distinctly different
methods; the Elzinga–Hogarty test and the cointegra-
tion test. Given two different approaches to define
market boundaries, a second aim of the paper is to
evaluate and compare these methods. The analysis will
be conducted for the time period 1978–2000 in order to
distinguish any changes in market integration over time.

The paper proceeds as follows. First, an overview of
the coal sector, with a focus on the market structure and
trade patterns, is presented. Next, the chosen methodol-
ogies and criticism towards them are discussed. In the
following, the main results from the two approaches are
presented, permitting an evaluation of the different
methodologies for defining a relevant market. Next,
some critique towards the different methods is dis-
cussed, and finally, the overall conclusions and policy
implications of the paper are outlined.

2. Coal markets and trade flows

Coal is as a consequence of different quality contents
and end uses commonly divided into two different coal
products; steam coal (or thermal coal) which is mainly

used as an input in the energy sector to produce
electricity, and coking coal (or metallurgical coal) which
is primarily used as an input into blast furnace iron and
steel production (IEA, 1997). The different end-uses and
developments of steam and coking coal imply that these
products should be treated separately in the ensuing
analysis. The coal market is dominated by steam coal,
which in 2000 represented 84% of world coal produc-
tion, compared to 16% for coking coal (IEA, 2001).

Large coal deposits are located in specified geographic
regions, but demand for coal is global. This implies that
international trade is important both for consumers and
producers. World hard coal consumption has grown
considerably during the last three decades, an increase of
over 60% since 1970. However, this increase is not as
remarkable as that for world hard coal trade, which has
grown by 230% during the same time period (IEA,
2001). Regarding the market structure for traded coal it
is evident that there are few countries that dominate the
industry. The five main actors on both the demand
(import) side and supply (export) side for steam and
coking coal are presented in Table 1. We can see that
both markets are concentrated, especially on the supply
side. The coking coal market appears to be more
concentrated, given that the five largest countries on
the supply side have almost 90% of the total market.

Trade flows of both coking and steam coal have 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, such as Australia,
South Africa and Indonesia, have entered the market
and outplayed the previous market leaders. Australia is
the largest exporter of coal in 2000, with a market
share of almost 52% of coking coal exports and 23% of
world steam coal exports (Mélanie et al., 2002). In 2000,
90% of all traded coal was directed to the
two dominating regions, the Asia–Pacific2 market and
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Table 1

Market shares for internationally traded coal, 2000 (%)

Coking coal Steam coal

Countries Imports Countries Exports Countries Imports Countries Exports

Japan 33.6 Australia 51.5 Japan 21.1 Australia 23.0

Korea 9.8 US 14.8 Korea 11.2 South Africa 17.7

India 8.0 Canada 14.1 Ch. Taipei 10.3 China 12.6

Brazil 5.8 Indonesia 4.5 Germany 4.8 Indonesia 12.6

UK 4.4 Former SU 3.8 Netherlands 4.6 Colombia 8.9

Total 61.6 Total 88.7 Total 52.0 Total 74.8

Source: IEA (2001).

2The Asia-Pacific market includes Australia, China, Chinese Taipei,

Hong Kong, India, Indonesia, Japan, Korea, New Zealand, Vietnam,

and other Asia and Oceania.
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the Europe–Mediterranean3 market, 52% and 38%,
respectively (IEA, 2001). This illustrates the situation of
relatively regional market tendencies for internationally
traded hard coal.

2.1. The development of coking coal trade and prices

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 1960s,
something which can be ascribed to higher demand for
coking coal primarily in Europe where production
could not sustain the newly created demand. This
produced significant trade of seaborne coal, where
previously there had been almost none. During the
1970s the demand for coking coal increased substan-
tially 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). 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. Fig. 1 shows the trade flow patterns in 2000 for

coking coal, which amounted to 192 million tons this
year (IEA, 2001).

This figure illustrates that Australia, who is the
world’s largest exporter of coking coal, is the dominant
supplier to both Japan and Europe. It is interesting to
note that coking coal in Europe imported from
Australia is, despite the distance, as competitive as
import from geographically closer markets. When
analyzing the coking coal market over time, world
consumption of coking coal has been relatively constant
since the 1980s. Japan alone accounts for about 33% of
world imports, which 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).

The quarterly price levels for import of coking coal in
the two dominant regions, Europe and Japan, were in
2000 US$ 47.9/ton and US$ 39.5/ton, respectively,
measured in average customs unit values (IEA, 2001).
Fig. 2 presents coking coal price levels for Europe and
Japan from 1980 until 2000. It is evident from this figure
that the prices in the two markets tend to be closely
correlated. The prices for coking coal are generally
settled in long-term contracts (more than 5 years)
through bilateral negotiations between suppliers and
consumers. During the last 5–6 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).
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3The European-Mediterranean market includes EU(15), Bulgaria,

Czech Republic, Egypt, Former USSR, Hungary, Iceland, Israel,
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Africa, Switzerland, Turkey, Ukraine, Zimbabwe, other Africa,

Eastern Europe and Middle East.
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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. The Development of steam coal trade and prices

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 spurred the
development towards an international market for steam

coal (IEA, 1997). Since 1980, steam coal’s share of the
electricity generation market has been relatively con-
stant. 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.
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 (IEA, 2001).

Fig. 3 illustrates the world steam coal trade routes in
2000; total trade in this year amounted to a total of 381
million tons. The figure illustrates that Australia, who is
the world’s largest exporter, is the dominant supplier to
the Asia–Pacific market, but also exports to the more
distant European market. The largest exporter to the
European market is South Africa, which is geographi-
cally closer to Europe. It is evident from Fig. 3 that the
main imports and exports are directed to the countries
that are geographically closer 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% of world steam coal
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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
(IEA, 2001).

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 (IEA, 2001). Fig. 4
presents the quarterly steam coal prices for Europe and
Japan from 1980 until 2000. The prices in these
geographically separated markets seem highly corre-
lated. 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. 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, something 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).

2.3. 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 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% of all produced coal.
However, analysts often claim that competition is
relatively strong, at least for steam coal (Keay, 2003).

An important link between the two dominating
geographic markets, the European and the Asian–Pa-
cific, is Australia who exports to both. This is primarily
explained by the excess supply from the Australian
producers. Australia can therefore be seen as a marginal
supplier. Another link between the markets is the
possibility for the US producers to enter the interna-
tional 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 facts, and the relatively strong relationship
between coal prices as illustrated in Figs. 2 and 4, tend
to support the notion of a unified market for inter-
nationally 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 develop-
ment 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 arrange-
ments and the wave of mergers that have characterized
the international coal market over the last 5 years
therefore provide further motivations for a detailed
investigation of market integration in the coal industry.

3. Methodology and data

To define the relevant market for internationally
traded coal two different methods for market delinea-
tion will be used and compared. The first 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. The second method is based on price
series data where a long run cointegrating relationship
indicates whether or not the regions belong to the
same market. By using two different methodological
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4According to Ellerman (1995) the US can be seen as a swing

supplier on the steam coal market, and therefore it is likely to believe

that market integration between the US and Europe is strong. 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 domestic production volumes.
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traditions an evaluation and comparison of these
methods will also be made.5

3.1. Defining markets through shipments data: the

Elzinga–Hogarty test

This method is based on two related tests suggested by
Elzinga and Hogarty (1973). They calculate the inter-
regional 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 (1973)
propose the following procedure.

Start with a market region, in the case of coal it could
be the European market.6 Estimate whether 90% (or
75%) of the total sales within the hypothetical area
comes from countries located within the area.7 If this is
the case, the little in from the outside (LIFO)8 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)9

test, which states that if at least 90% (or 75%) 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). If the LIFO and LOFI tests are not met
for the defined market area the procedure is repeated
until 90% of all the shipments is within the specified
market area.

According to Elzinga and Hogarty (1973) 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.
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.

3.1.1. Criticism towards the Elzinga–Hogarty method

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. (2001) argue 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.10

Werden (1981) has also 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
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5Both tests that are analyzed in this paper 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.
6The 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.
7The percentages are also arbitrarily chosen. Elzinga and Hogarty

(1973) suggest that a strong market implies that 90% of the shipments

are within the market, and that a weak market suggests that at least

75% of the shipments are within the specified market.
8The 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).
9The 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).

10Capps et al. (2001) do however acknowledge that the silent

majority fallacy is of more concern when the products under

investigation are highly differentiated, regarding both location and

other dimensions.
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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. 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 detect 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 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 anti-competitive behavior within the region. 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 may be very
helpful in defining markets, if used properly. Shipment
tests are 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.

3.1.2. Data use and choice of starting points

In this paper separate shipment tests will be con-
ducted 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 the case of both coking coal and steam coal it
seems applicable to start with the dominant regions
the—Europe–Atlantic and the Asia–Pacific—when esti-
mating the hypothetical market areas. If the above
explained procedure cannot be met without the inclu-
sion 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 also been performed using different

starting points, Europe,11 North America,12 Australia,13

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.

3.2. Defining markets through price series data: the

cointegration test

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; Stigler and Sherwin, 1985; Engle and Granger,
1987). The price tests empirically implemented the
classical definition of an economic market as a tool by
using different econometric methods. The logic behind
these tests is that two geographically separated areas
constitute a single market when the prices at the
different areas are cointegrated, i.e., over time follow
the same price trend. This implies that if the prices in
two different markets over time stay persistently out of
line with each other, then the markets are not integrated
into one market.

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, as well as speed of
adjustment parameter which measures how fast the
prices will converge towards the long run equilibrium
level in case of a price shock in one of the markets. Error
correction models have gained increased support for
empirical estimations of market integration in energy
industries during the last 10 years (e.g., deVany and
Walls, 1993; Sauer, 1994; Asche et al., 2001). The
technique thus examines movements in prices for goods
located in different regions in order to test the
hypothesis of a single international market for coal.

3.2.1. 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 et that is
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stationary, I(1):14

pj;t � a� bpi;t ¼ et ð1Þ
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, pj;t � bpi;t, 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 relation, 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,�b] in
Eq. (1) 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:

Dpj;t ¼ bjDpj;t�k þ biDpi;t�k þ dECt�1 þ et; ð2Þ
where k represents the lag length and the error-
correction term is represented by ECt�1, which adopts
the following form:

ECt�1 ¼ pj;t�1 � a� bpi;t�1 ð3Þ
and this term captures the deviation from long-run
equilibrium, and the coefficient d in Eq. (2) 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 bi
and bj represent the short run counterparts to the long
run solution in Eq. (3).

The Engle and Granger test for cointegration 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 relation-
ship 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).

3.2.2. Criticism towards using price series data

The use of price series data is however connected with
a number of drawbacks and therefore also criticized.
According to Werden and Froeb (1993) and Elzinga and
Hogarty (1973) the use of price data is not always

applicable when defining relevant market boundaries.
There are primarily two reasons for this. 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 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.

3.2.3. Data and time interval

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.

4. Empirical results

4.1. Results for coking coal

4.1.1. Elzinga–Hogarty test results

The results from both the LIFO and LOFI tests for
the four starting regions are presented in Table 2. The
LOFI ratios are calculated by extracting export from
production, and divide through by production, in order
to evaluate whether or not the region export significant
amounts (here the critical level is 10%). Regarding
Europe we can see that the LOFI test is over the 90%
threshold level for all years under investigation, which
thus implies that the exports out of Europe are
insignificant. The LIFO ratios are calculated in a similar
fashion, but now divide through by consumption
instead of production, in order to detect whether
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14This 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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consumption in the chosen region comes mainly from
domestic production or from producers outside the
region. In the case of Europe the LIFO test is not
fulfilled for any of the years, which indicates that a
significant amount of the consumption in Europe is
imported from outside the defined area. This suggests
that more countries, or regions, need to be included in
the analysis in order to define the relevant market area
for Europe.

Regarding North America we can see that the results
show that the LIFO test is fulfilled, but not the LOFI
test. This implies that the region does export but not
import significant amounts of coal to and from the
region. For Australia, the conclusion is similar, i.e., a
significant amount of the production in the region is
exported and therefore the test indicates that the region
cannot be seen as a relevant geographic market. For
Japan, the results show that a significant amount of the
consumption within the area is imported.15 The above
results imply that more countries, or regions, need to be
included in the relevant market areas for all the regions
investigated. The region, or country, chosen to be
included in the market areas is the region that in the
case of LIFO most of import comes from, and in the
case of LOFI where most of export goes to. After
including a new region, the same calculations as above
are repeated but now for the new market areas.16 This
procedure is repeated until both the LIFO and LOFI
tests are fulfilled for the chosen market areas. The
results for including more countries, or regions, into the
analysis are presented in Table 3. The table shows all the
regions, or countries, that had to be included in the four
starting regions in order to define these as relevant
economic markets.

Table 3 shows that the same regions, or countries, are
included regardless of which region that is defined as the
hypothetical market area. It is only in 1 year, 1978, that
Europe and North America alone can be seen as a
relevant economic market. 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.

4.1.2. Cointegration and error correction test results17

A standard OLS estimation for the long run relation-
ship between the two price series is performed. 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:

PE ¼ 1:04þ 0:75PJ

ð�7:66Þ ð�22:5Þ: ð4Þ
Eq. (4) indicates that when the price in Japan rises

by 1%, the corresponding long run increase in the
European price level is 0.75%. The values in the
parentheses represent the t-statistics. The sign indicates
that the price level in Japan is lower than the price level
in Europe, as is also evident when looking at Fig. 2. To
test for cointegration the residuals from Eq. (4) have to
obey stationarity. This implies that the residuals have to
reject the null hypothesis of ‘‘no-cointegration’’ accord-
ing to the test statistics given by the Dickey Fuller test.
Regressing the change in the residuals on past levels
presents a test statistic of �4.52, which is statistically
significant. This implies that the price series in Japan
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Table 2

LIFO and LOFI test results for coking coal

Year Europe North America Australia Japan

LIFO LOFI LIFO LOFI LIFO LOFI LIFOa 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

15The years for which LIFO is above one are years in which some

production is neither exported nor consumed.
16When including more regions the market boundary becomes

larger, and what was previously defined as shipments between, e.g.,

Europe and North America, need now to be defined as shipments

within the new and broader market area.

17For a more complete presentation of the results presented in this

section, see W(arell (2003).
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and Europe are cointegrated, and thus the error
correcting dynamics can be tested for.

The error correction model used is given in Eq. (5).
Regressions with up to four lags have been performed,
but presented in the tables are only models where the lag
length is one since these were the models that were
statistically significant. Note that the model already
includes one lag given the regression of changes in
prices. The dependent variable is Europe in Eq. (5), but
an estimation using Japan as the dependent variable has
also been performed. We thus have:

DpE;t ¼
X1

k¼1

bEDpE;t�1 þ
X1

k¼1

bJDpJ ;t�1 þ dECt�1; ð5Þ

where bJ and bE is the estimated short run counterparts
to the long run solution in Eq. (4), and d 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 results using prices in Europe as the dependent
variable indicate that a 1% increase of prices in Japan
the preceding period yields a 0.41% 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 period. The speed of adjustment para-
meter implies that a deviation from the long run
equilibrium in Japan the preceding time period, is
adjusted for by 38% 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 order to investigate increased market integration
over time the price series have been divided into two
time periods, representing the 1980s and the 1990s.18

The long run results for the 1980s indicate that the long
run price change is almost perfect, but decreases in the
1990s. Both time periods are cointegrated, which
indicates that the markets are integrated. Regarding
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Table 3

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

Table 4

Error correction estimates (coking coal)

Coefficients Europe Japan

bE bJ dE bJ bE dJ

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.

18For a more thorough discussion see W(arell (2003).
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the short run responses, the results for the 1990s indicate
a stronger relationship between the price series in
Europe and Japan than for the 1980s. The speed of
adjustment parameter shows that the prices move back
to the long run equilibrium by 60% in the first quarter
after the price shock in the 1990s. 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. Regarding the short
run responses these are relatively high, and we can also
see that the short run results indicate stronger market
integration over time. This result supports the hypoth-
esis of an integrated world market for coking coal. Thus,
the results from both the Elzinga–Hogarty test and the
error correction model define the relevant market for
coking coal as an integrated international market.

4.2. Results for steam coal

4.2.1. Elzinga–Hogarty test results

The results from both the LIFO and the LOFI
tests, applied on the steam coal market, are presented in
Table 5. The same procedure as for the coking coal
market is applied in order to achieve these results.
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.

Europe fulfills the requirements for a relevant
geographic market in 1978 and 1980. After this year,
the LIFO test is not fulfilled, which implies that a
significant part of the consumption was imported into
the region from then on. The results for North America

show that it can be seen as a relevant market area for all
years that are investigated, implying that most produc-
tion of 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). In the case of

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, but 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, except for North America,
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 6.

Table 6 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. We can thus see that, even if
North America is classified as a relevant market area
according to the Elzinga-Hogarty test, in two occasions
(1985 in Australia and 1995 in Europe) it is included in
the defined market areas for other starting regions. In
2000 the Asia–Pacific region must be included in the
market in order to accomplish 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.

4.2.2. Cointegration and error correction test results19

The tests for cointegration and error correction
for the steam coal market follow the same general
procedure as for coking coal. The cointegrating
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Table 5

LIFO and LOFI test results for steam coal

Year Europe North America Australia Japan

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 0.9602 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

19As for coking coal, a more complete presentation of the results is

presented in W(arell (2003).
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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:

PE ¼ 0:30þ 0:91PJ

ð2:00Þ ð23:39Þ: ð6Þ

Eq. (6) indicates that when the price in Japan
increases by 1%, the corresponding long run increase
in the European price level is 91%. Compared to the
coking coal market, it is evident that this price change is
higher. To test for cointegration the residuals from Eq.
(6) have to obey stationarity. When regressing the
change in the residuals on past levels the test statistic is
�4.82 which implies that the price series in Japan and
Europe are cointegrated, and thus the error correcting
dynamics can be tested for.

The error correction model is once again performed as
outlined in Eq. (5). Table 7 presents the estimated values
of these parameters, using both Europe and Japan as the
dependent variable. The results when using Europe as
the dependent variable show that none of the short run
response parameters are statistically significant. 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% increase of the price
level in Japan the present time period. This result
suggests that the prices in Japan are reacting to price
changes in Europe the preceding time period. 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% in Japan the
following time period. The results considering steam
coal indicate that the European and the Japanese
markets are integrated into one market given the
presence of cointegration. The corresponding long run
price change in one region due to a change in the other
region is higher for steam coal than coking coal. When
examining the short run response, responses to price
changes are lower for steam coal than for coking coal
given a speed of adjustment of 17%, compared to 38%
in the case of coking coal. 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 change and the short run responses do not
point in the same direction.

In order to investigate increased market integration
over time the price series have once again been divided
into two time periods. The results indicate that the long
run price change in one region, due to a 1% increase in
the other region, has increased in the 1990s compared to
the 1980s. However, when analyzing the cointegration
relationship the results show that steam coal prices for
the 1990s are not cointegrated. This result does not
support the conclusion of an integrated world market
for traded steam coal. When summarizing the price test
results we see that over the whole time period, the prices
in Europe and Japan are cointegrated. However, the
short run responses to price changes are not as high as
for coking coal, and when analyzing market integration
over time there are no evidence of increased integration
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Table 6

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 7

Error correction estimates (steam coal)

Europe Japan

Coefficients bE bJ dE bJ bE dJ
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.
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over time. Thus, both the results from the Elzinga–Ho-
garty test and the error correction test indicate that the
defined relevant market for steam coal have more
regional tendencies than the coking coal market.

5. Comparison and analysis

By using two different methods an evaluation and
comparison of these are applicable. The overall conclu-
sions when using both tests point in the same direction,
i.e., the conclusion regarding market boundaries are
similar for both tests. This is of course positive given
that these methods often are not used as complements,
but rather as substitutes when defining a relevant
market. However, it is still relevant to discuss some of
the pros and cons with each method. Regarding the
Elzinga–Hogarty method, the pros are foremost that it
is simple to use, in that it only requires quantity data,
and also that the results from the test is easily
interpreted. It also gives a good picture of the trade
flow patterns and their development in a more
formalized way than studying flow chart diagrams. On
the other hand, given the simplicity and crudeness of the
method it is easy to criticize. Some of the critique
discussed in Section 3 will be addressed here.

5.1. Evaluation of the Elzinga–Hogarty method

The main critique directed towards the Elzinga–Ho-
garty method is that, first, when there are ‘‘insignificant’’
shipments between the areas these are concluded to be
distinct markets. The results regarding steam coal show
that shipments to or from North America are insignif-
icant, i.e., less than 10%, 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 might be the
lower price level in the steam coal market that leads to
the conclusion that North America is a distinct market.
A shipment based test is 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 whether there exists
a submarket within the defined market area. This
critique deals with the level of analysis. Thus, starting
from a regional market, e.g., Europe, the method does
not reveal whether a submarket could be found within
Europe. In order to adjust for this W(arell (2003)
conducts the same analysis when starting on a country
level. The findings from this exercise are similar as when

conducting the analysis on a regional level. This
indicates that the defined market areas would not
change significantly and thus that there were no
tendencies of submarkets within the regions (e.g., the
European countries, e.g., France, still imported signifi-
cant amounts of coal from countries outside the region).
However, in order to detect anti-competitive behavior
within a specified market area it is most likely necessary
to bring the analysis down to a firm level, instead of a
country level and to analyze cross elasticity of demand.

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. This problem is related to the use of
ratios when calculating the LIFO and LOFI. 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. Moreover, a region can be defined as a separate
relevant economic market even if its export is relatively
large on the world market, but not compared to
domestic production and consumption. An example of
this situation is given by North America where even
though the region is defined as a relevant market area
for all years investigated regarding steam coal, it is
included in the relevant market area for Australia in
1985 and Europe in 1995. This implies thus that North
America still exports significant amounts of steam coal
during those years. Thus, a formalized test for product
flows does not always portray the situation correctly.
The overall conclusion is that the Elzinga–Hogarty
method is not well equipped to detect potential market
participation or potential anti-competitive behavior
within a defined market area (especially when there are
large differences in the size of the participants).
However, as a method of defining relevant economic
markets it is still useful as a first step in antitrust analysis
since it contributes to a good understanding of the
product flow patterns.

5.2. Evaluation of the cointegration and error correction

approach

The main critique directed towards the use of prices in
defining relevant markets concerns mainly the accuracy
of the underlying data (the prices) and spurious
correlation. When using prices in order to define a
relevant geographic market the analyst relies on the
underlying assumption that the prices are determined by
the balance of supply and demand in the market.
According to Chang (1995) there are many reasons to
believe that, at least the coking coal industry is not a
competitive market. The main reasons for this are that
coking coal is not a homogenous product, and the
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market primarily uses long-term contractual arrange-
ments which are renegotiated once a year. Chang also
stresses that steel mills are risk averse in that they tend
to secure supply of a certain coal quality. Coking coal
prices may therefore be formed based on quality
differences, as well as the need of different suppliers,
which would imply that prices for this market is not
formed competitively.

Chang (1995) also discusses the difference in using
FOB (free on board) coal prices and CIF (cost,
insurance, and freight) prices in evaluating price
differences for coking coal. CIF prices are often derived
by adding an estimated transport cost component to the
FOB contract prices, and thus the quality of the CIF
price depends on the accuracy of the estimated transport
costs. However, for the analysis conducted in this paper
it is important to include the transport prices, and given
that specified prices of origin with respective transporta-
tion costs data is not available, CIF prices are
considered to be the best proxy available for a spatial
analysis. Another caveat regards that the CIF prices 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.20

An additional caveat concerning the error correction
model is that it is sensitive to the different econometric
specifications that are necessary for estimating the
relevant coefficients, i.e. how many lags to include,
should an intercept and trend be included in the model
and so on. Because of this all results should be treated
cautiously, and reliant upon the specified levels and
orders. We therefore conclude 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.

6. Conclusions and policy implications

This paper has defined the relevant economic market
for steam coal and coking coal using shipments data and
price data in order to test the hypothesis of a single

world market for coal. Regarding coking coal the
overall results point towards an integrated world
market, both when analyzing the shipments data and
the price data. When analyzing the development over
time, the results from the Elzinga–Hogarty test show
that more and more 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. The results regarding market integration over
time are similar when applying the error correction
model. Both time periods are cointegrated in the long
run, and the short run responses indicate more integra-
tion over time given a larger price adjustment to price
changes in the other region in the 1990s.

In the case of steam coal the results from the
Elzinga–Hogarty test show that the markets are more
regional in scope, and there are no clear tendencies of
more integration over time. The results when using the
price data indicate that the European and the Japanese
markets are integrated into one market for the entire
time period. The corresponding long run price change is
actually higher for steam coal than coking coal, but
when examining the short run response it is evident that
they are lower. Regarding market integration over time,
the results does not point towards increased market
integration given that cointegration between the price
series cannot be confirmed in 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 being more
integrated globally. This is also surprising given other
evidence that prices in the coking coal market are not
competitive (Chang, 1995).

One policy implication of the finding that the steam
coal market is more regional in scope, and thus that the
market boundary is smaller than if the market would
have been international, is that a merger and acquisition
in this market likely would have been of a more concern
for antitrust authorities than the same activity on the
coking coal market. The findings that the steam coal
market is regional in scope and that North America is
considered a single economic market, do though not
have to imply that anti-competitive conduct is per-
formed. The methods applied are not applicable to
answer questions regarding whether the market is anti-
competitive or not. 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
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20Spot and tender prices are not available for the entire time period

evaluated. However, steam coal spot prices for the 1990s are available

and used in W(arell (2003) in order to find cointegration between prices

in Europe and Japan. The results from this regression shows that steam

coal prices are not cointegrated in the 1990s, which supports the results

conducted using average prices.
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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, for instance, the short-term adjustment processes
in the case when the price deviates from its 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 estimate and analyse the price and welfare effects from the 

mergers between Rio Tinto and North Ltd in 2000, and CVRD and Caemi in 2001. The 

analyses are conducted using a merger simulation model that, based on the pre-merger 

situation estimates the post-merger outcome. This paper applies a standard Cournot 

framework model where each firm produces a single homogenous product, and the firms’ 

strategic variable is quantities. The results from the merger simulation regarding the Rio 

Tinto/North Ltd merger show that the merged firm has a combined market share of almost 

20%. The estimated price increase due to the merger is 5.8%. Regarding the CVRD/Caemi 

merger the initial concentration in the pre-merger market is substantially larger than the year 

before, and the results indicate that the estimated price effect from the merger is more 

significant, almost 7%. In both merger simulations the overall welfare effect is estimated to be 

negative, something which thus does not support the European Commission’s decisions to 

allow these mergers. However, none of the simulations did take into account possible cost 

efficiencies resulting from the mergers. 
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1. Introduction
The iron ore industry has undergone a strong consolidation trend during the last decade, 

exemplified by the mergers between CVRD-Ferteco (2001), BHP-Billiton (2001), CVRD-

Caemi (2001), Rio Tinto-North Ltd (2000) and North Ltd-Iron Ore Co of Canada (1997). All 

of these mergers have increased the concentration in the iron ore market, and this raises some 

important questions. For example, what is the effect of the increased consolidation for the 

consumers? What is the overall effect on the society? Already in 2000, the steel industry, i.e., 

the consumers of iron ore, expressed a concern over iron ore producers becoming too 

powerful in the yearly price negotiations (Kirk, 2000). The situation of more powerful iron 

ore producers has to some extent been realised given the long-lasting price negotiations that 

followed the period of large scale mergers in the industry (Ericsson, 2003).1 However, the 

question remains, has the consolidation trend had a significant effect on the prices and 

quantities of iron ore, and what is the overall welfare effect on society? When studying the 

impact of mergers it is worth emphasising that they can either have positive or negative 

welfare effects. The positive effect arises when the merger leads to cost efficiencies and 

synergy effects, thus reducing the price in the market. The negative effect occurs when the 

market power increases so that the firms will be able to raise prices post-merger.  

The purpose of this paper is to estimate and analyse the price and welfare effects from 

the mergers between Rio Tinto and North Ltd in 2000, and CVRD and Caemi in 2001. These 

are interesting case studies given that both mergers united two of the top five producers of 

iron ore at the time. The analysis will be conducted using a merger simulation model that, 

based on the pre-merger situation, estimates the post-merger outcome. Generally, merger 

simulation models estimate the price effect mergers have by combining estimates of 

elasticities of demand with an economic model of firm behaviour. 

The merger simulation model applied in this paper was first introduced by Farrell and 

Shapiro (1990). The model is derived from a standard Cournot framework where each firm 

produces a single homogenous product, and as a result there exists only one price on the 

market. The competitive situation in the iron ore industry can reasonably well be described as 

Cournot conduct, i.e., the firm’s production level is to a large extent determined by the mine 

capacities and the product (iron ore) is a relatively homogenous product. This competitive 

1 In 2002 the first iron ore price was settled on May 29th, and in 2003 the first price was settled on May 15. This 
should be compared to a long tradition of settling prices between February and March. However, the long-lasting 
price negotiations in the last years reflect also the conflict between strong demand (especially stemming from the 
exceptional growth in China) and weak economic performance in the steel making industry, an industry witch 
lags behind the consolidation trend in the iron ore industry (Ericsson, 2003). 
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situation also represents the starting point of previous research on the iron ore market. 

Hellmer (1997) analysed the market structure of the iron ore market focusing on the European 

market. He tests the hypothesis that all participants in the market are engaged in a Cournot 

game (determining output), against an alternative hypothesis that at least one of them, Brazil, 

is acting as a Stackelberg leader. The results verify that Brazil acts as a leader in the European 

market.  

Chang (1994) performed a similar analysis for the Japanese market, and Privovolos 

(1987) developed an iron ore model using theories of bilateral oligopoly. The latter applied a 

two-stage game to determine the price formation of iron ore at the contractual negotiations 

between Brazil and Europe. His main finding was that the model well described the market 

situation given that when introducing structural changes the price changed in the right 

direction. For example, an increase in Brazilian iron ore capacity would reduce iron ore 

prices. Lundmark (2004) and Lundmark and Nilsson (2003) analyse merger effects in the iron 

ore industry using a Cournot framework. In particular they analyse the merger between 

CVRD and Caemi using data on the DRI pellet market. They conclude that the merger 

resulted in negative welfare effects, contradicting the conclusions made by the European 

Commission in their merger approval. 

This paper contributes to the literature by applying merger simulations to two 

consecutive merger cases in the industry in order to evaluate the likely price and welfare 

effects. Previous analyses of the iron ore industry have most often relied upon country level 

data, while our study is based on firm level data. The paper proceeds with a description of the 

iron ore industry and a presentation of the mergers between Rio Tinto and North Ltd in 2000, 

and CVRD and Caemi in 2001. Section 3 outlines the merger simulation model. The results 

from both merger cases are presented and discussed in section 4. Finally, the overall 

conclusions are presented in section 5. 

2. Background to the Industry and the Case Studies 
2.1 The Iron Ore Market 

The finding of iron ore is determined by the chemical composition and geographically the 

largest deposits are located in Brazil, Western Australia, and the Lake Superior area of 

Canada. The content of the iron ore varies between different locations, where e.g., Brazilian 

and Australian ore has high iron content while the iron content of the Chinese ore is relatively 

low. Iron ore is mined in two forms, lump and fines ores, but is sold in three forms; lump, 
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fines, and pellets. Pellets are fines ore that have been processed by pelletising (or sintering). 

The reason for pelletising is that in the steel making process (in which about 99% of the iron 

ore is used) only lump ore can be used as a direct input; fines ore needs to be converted to 

pellets or sintered (European Commission, 2001). 

Entry in the iron ore market is difficult for a number of reasons. First, exploration for 

new high quality iron ore reserves that are large enough for world market competition is both 

complicated as well as expensive. Second, in order to receive mineral rights for opening and 

operating a new mine (including rail and port amenities) licenses are required. These licences 

have to be negotiated with relevant governments, a process that is known to take years. Third,

most of the known large high quality iron ore findings belong to already established iron ore 

producers. For the above reasons, almost no new entries have occurred during the last years. 

Any newcomer on the market is thus expected to be by merger and acquisitions of an already 

established iron ore producer (European Commission, 2001). 

Demand for iron ore comes, as mentioned above, almost exclusively from the steel 

industry. The prices are negotiated yearly between the major iron ore and steel producers in 

the dominating regions: Europe/Brazil and Japan/Australia. The negotiation process involves 

a number of meetings and it often takes several months to finish. The role of this process is to 

set reference/benchmark prices for the different ore types in each consumer region, which 

then smaller producers use as a guide in their pricing behavior.2 The contracts between the 

iron ore and the steel producers are often between three and five years but subject to yearly 

revisions (European Commission, 2001). The main reason behind the price negotiation is the 

short-run instability of iron ore production and prices, mainly caused by a relatively high 

income elasticity of demand. The use of long term contracts is a way of stabilizing the market 

and thus decreases the uncertainties involved for both producers and consumers (Rogers and 

Robertson, 1987). 

2.2 Concentration in the Iron Ore Industry 

The largest producers in the iron ore market are the multinational mining corporations CVRD, 

Rio Tinto, and BHP. Table 1 illustrates the ten leading iron ore companies in 1990 and 2000, 

respectively, based on total production of iron ore. Note that North Ltd is not included in the 

table because it in 1990 was classified as a diversified metal producer (Ericsson, 2002). 

2 The benchmark price is normally settled for fines first, mainly because of the lower prices and higher quantities 
concerned. After this price has been settled, the prices for lumps and pellets are negotiated (European 
Commission, 2001). 
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Moreover, 2000 presents post-merger production, i.e., North Ltd’s production is then part of 

Rio Tinto’s production. 

Table 1: Corporate Control in the Iron Ore Industry 1990 and 2000 
199
0

Company Country Productio
n (Mt) 

Shar
e % 
ww 

200
0

Company Country Productio
n (Mt) 

Shar
e % 
ww 

1 CVRD Brazil 85.44 15.4 1 CVRD Brazil 120.94 17.8 
2 BHP Ltd Australia 46.20 8.3 2 Rio Tinto plc  UK 89.47 13.2 
3 Rio Tinto 

plc 
UK 42.79 7.7 3 BHP Ltd Australia 66.91 9.9 

4 State of 
India 

India 32.07 5.8 4 Mitsui & Co Japan 47.26 7.0 

5 Caemi 
Mineraca
o

Brazil 23.03 4.1 5 State of India India 42.76 6.3 

6 State of 
SA

SA 22.23 4.0 6 Iscor Ltd SA 24 3.5 

7 State of 
Venezuela 

Venezuel
a

20.12 3.6 7 LKAB Sweden 20.5 3.0 

8 LKAB Sweden 19.74 3.6 8 ThyssenKrup
p

Germany 20.0 2.9 

9 State of 
Luxemb. 

Luxemb. 18.09 3.3 9 State of 
Venezuela 

Venezuel
a

17.0 2.5 

10 IOC of 
Canada 

Canada 14.25 2.6 10 USX Corp USA 16.30 2.4 

Total 10 largest 323.96 58.3 Total 10 largest 465.14 68.5 
Total western world 555.62 100 Total western world 679.16 100 
Total world 977.0  Total world 1060.0  
Source: Ericsson (2002). 

Table 1 shows that the active companies have varied over the decade but the top three 

companies, CVRD, BHP, and Rio Tinto, have manifested their position as large iron ore 

players. Rio Tinto moved from third to second position in the 1990s, mainly due to the merger 

with North Ltd. Evident is also that the concentration in the iron ore market has increased 

during the 1990s and considering the large mergers activity in 2001, concentration has 

continued to increase further. The higher concentration level has a potentially negative effect 

on iron ore consumers, i.e., the steel producers. Measuring corporate control solely from 

production data does however underestimate the concentration of iron ore producers since 

many mines are not involved in international iron ore trade. An alternative method of 

capturing supply-side concentration is therefore to measure the share of seaborne trade. Table 

2 shows corporate control of seaborne trade in 2002. We can see that the market shares of the 

major producers increase significantly. Regarding seaborne trade, CVRD alone controls about 

34% of the total market and the three largest companies’ control 70% of the market. This 

clearly illustrates the potential price influence by the three largest producers. 
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Table 2: Corporate Control of Seaborne Trade, 2002 
Controlling entity Country Share of seaborne trade (%) 
1. CVRD Brazil 34.0 
2. Rio Tinto UK 19.8 
3. BHP Billiton UK/Australia 16.0 
4. Kumba Resources South Africa 4.2 
5. LKAB Sweden 2.9 
6.Goa Mine Owners Assn India 2.8 
7. MMTC India 2.4 
8. SNIM Mauritania 2.1 
9. CVG Ferrominera Venezuela 1.4 
10. CAP Chile 1.3 
11. Kudremukh India 1.0 
12. Hierro Peru Peru 0.9 
Others Various 11.2 
Total seaborne trade (480m tonnes) 100.0 
Source: Ericsson (2003). 

2.3 The Rio Tinto and North Ltd Merger 

Rio Tinto notified relevant agencies of their request to pursue a public bid for all outstanding 

shares of North Ltd, giving Rio Tinto the sole control over North Ltd, on June 30, 2000. 3 The 

European Competition Commission (hereafter the Commission) came to their conclusion on 

the 2nd of August. Regarding the definition of relevant product markets the Commission was 

informed by a number of interested parties that fines, pellets and lump ore should be 

considered as separate product markets. According to these parties the substitution 

possibilities between the three different ores are limited, since the switching between e.g., 

pellets and fines can significantly affect the efficiency of the steel mills. There is also limited 

substitution possibilities from a supply perspective given that not all mines can produce 

lumps, and also since the production of pellets requires a pelletising plant, which involves a 

large capital investment (European Commission, 2000). 

Another suggestion was that the relevant market should only include seaborne 

quantities, since it is only seaborne iron ore that normally is available for the European 

importers. However, the Commission did not find it necessary neither to establish separate 

product markets for pellets, fines and lump nor to only consider seaborne trade. The notified 

3 The proposed merger had to get approval from three involved agencies, the Australian Competition and 
Consumer Commission (ACCC), the Canadian Competition Bureau, and the European Competition 
Commission. The Canadian Competition Bureau revealed that they would not oppose the proposed acquisition 
on the 19th of July. The ACCC announced their approval of the merger on the 4th of August. The ACCC’s 
decision was based on the estimation that the merged firm’s iron ore production would be about 7% of world 
production. The share of the combined Australian iron ore production was expected to be considerably larger, 
but since almost all production is exported this was not seen as a problem. The ACCC thus decided that the 
acquisition would unlikely result in a substantial decrease of competition in any Australian market (ACCC, 
2000). 
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merger proposal “will not lead to the creation or strengthening of a dominant position” 

(European Commission, 2000: 3). Regarding the definition of the relevant geographic market 

the Commission acknowledges that metals and minerals are commonly traded on a global 

basis, and thus the relevant geographic market should be considered as world-wide. This is 

supported by the fact that European consumption of iron ore constitutes of 90% imports. Also, 

the prices in the two main importing areas, Europe and Japan, follow each other closely. 

Moreover, the major iron ore producers in Australia and Brazil export their iron ore to steel 

mills both in Europe and Asia (European Commission, 2000). 

The Commission finds that the market share of the merged firm would be about 9% 

(calculated from the estimated world-wide supplies) and would thus not be of any competitive 

concern. The Commission also considers concentration levels for the separate markets for 

pellets, fines and lump, and only allowing for seaborne supplies. Regarding pellets there is no 

horizontal overlap in Rio Tinto and North Ltd’s production. For fines and lump the 

Commission finds that the market share of the merged firm, based on seaborne supplies, 

would be approximately 25% to 30% for both products. Considering that other firms in the 

industry have similar shares, the Commission concluded that there would still be a significant 

degree of competition on these markets.4 The Commission also noted that the industry had 

excess capacity and thus the merged firm would not be able to raise prices profitably for its 

fines or lump supplies (European Commission, 2000). 

In summary, even if all the involved Competition Agencies found that there are no 

competitive concerns due to the merger it is still of interest to analyse the potential price and 

welfare effects of the merger. This since the involved agencies approach to the merger is 

structural, i.e., after defining the relevant market the assessments rely heavily on measures of 

market shares and the Herfindahl-Hirshman Index (HHI). A simulation model provides a 

more direct estimate of the potential price and welfare effects resulting from a merger. It does 

therefore bring a different perspective to the traditional antitrust assessments. 

2.4 The CVRD and Caemi Merger 

May 31, 2001 CVRD and Mitsui, a Japanese trading company, informed the European 

Commission that they intended to acquire joint control over Caemi, a Brazilian company with 

significant iron ore assets both in Brazil and Canada. The Commission concluded that the 

acquisition raised serious doubts regarding whether it was compatible with the common 

4 CVRD has market shares of approximately 20-30% for seaborne fines, and 15-20% for seaborne lump. BHP 
has market shares in the range of 15-20% for seaborne fines, and 15-25% for seaborne lump. 
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market within the European Union. Regarding product market definition the Commission 

concludes that fines, lump and pellets should be considered as separate markets. They also 

note that iron ore that is suitable for DRI production also should be divided into two 

hypothetical markets, one for DR pellets and one market for combining DR pellets and DR 

lump (European Commission, 2001).5

Based on total seaborne iron ore sales in 2000, the Commissions calculation of market 

shares are presented in Table 3. It is evident that the merged firm will have a strong position 

both regarding the markets for fines and pellets. Moreover, the merged entity’s total share of 

the iron ore market is estimated to be between 35-45%. The Commission concludes that there 

are competitive concerns regarding the market for seaborne supply of pellets. Furthermore, 

the Commission also found that the new firm would gain a dominant position regarding the 

supply of DR lump and pellets for seaborne sales (European Commission, 2001).  

Table 3: Market Shares Based on Total Seaborne Sales, 2000 
 Fines Lump Pellets Total Iron Ore 
CVRD 25-35% 10-20% 35-45% 25-35% 
Caemi < 10% < 10  < 10% < 10% 
Merged firm 35-45% 10-20% 40-55% 35-45% 
Rio Tinto 25-35% 25-35% 25-35% 25-35% 
BHP 10-20% 10-20% 10-20% 10-20% 
LKAB < 10% < 10%  10-20% < 10% 
SNIM < 10% < 10% < 10% < 10% 
ISCOR < 10% 10-20% < 10% < 10% 
Source: European Commission (2001). 

Regarding fines (even though the new firm would have a relatively large share of the market) 

the Commission did not find any competitive concerns. Moreover, the Commission did not 

find any evidence that the three dominant suppliers will engage in collective dominant 

strategies. Regarding iron ore lump there is no competitive concern, mostly due to the 

relatively low market share for the merged entity in seaborne lump. In order for the merger to 

proceed the Commission suggests the removal of the overlap in iron ore pellets by CVRD and 

Caemi. This is done by the disposal of Caemi’s 50% interest in QCM, a Canadian producer of 

pellets and fines (European Commission, 2001). In sum, the Commission allowed the merger 

between CVRD and Caemi after the removal of the possible dominant position in pellets. 

However, the Commission’s decision is primarily based on an assessment of market shares. 

Thus, no attention is given to estimating possible price effects of the proposed merger. 

5 Direct reduction iron (DRI) is iron ore that is conversed in a DR furnace. The DRI can then directly be 
transformed into steel in an electric arc furnace process. DRI can be produced by either DR lump or pellets, or 
combined. However, the ore used have to be of a high iron or content and also with low levels of impurities. 



8

3. Merger Simulation Analysis 
The basic approach in merger simulation studies is straightforward. Pre-merger price and 

quantities are usually easy to observe, and it may be possible to find some empirical evidence 

on elasticities of demand. Using this information, a numerical model is calibrated so that its 

solution equals the observed prices and quantities, this is the pre-merger equilibrium. In a 

Cournot framework a merger would imply that firms reconsider their quantity setting. Such a 

future situation is at present hypothetical, but the numerical model can be used to simulate the 

post-merger situation. After the simulation study has provided information about the possible 

price increase following a merger, the post-merger situation can be compared to the pre-

merger situation.6 A price increase following a merger is only expected if the merger results 

in a noticeable increase in market power, which is not always the case. 

In the standard Cournot framework each firm produces a single homogeneous product. 

Since the goods are homogeneous there exists only one price. One of the essential features of 

the Cournot model is that the firms in the industry compete in quantities, i.e., makes choices 

about what quantity to supply. Once each firm has decided how much to supply, the market 

mechanism will find the market-clearing price. Equilibrium exists in this model when every 

firm is producing the level of output that maximises its profits given the output levels of all 

the other firms. Once this equilibrium is established no individual firm has an incentive to 

unilaterally deviate from it, since each firm is doing as well as it can, given the behaviour of 

the other firms (Tirole, 1988). An important advantage of the merger simulation model is that 

it provides a direct estimate of predicted price, quantity and cost changes, which the overall 

welfare effect can be deduced from. 

Following Farrell and Shapiro (1990) let the market price be given by Qpp  with 

0Qp  and where ii qQQ  is the aggregate output of all the firms in the industry. Firm 

i’s profit can consequently be written as: 

[1] iiiii qcqqQp

where qi is the output of firm i and c(qi) its cost function. In the Cournot equilibrium, each 

firm picks its output in order to maximise its profit, where the first order condition is; 

6 There may arise situations were the simulation procedure is not as straightforward as described. Mathiesen and 
Sorgaard (2000) point out two such situations. First, if the merger is conducted on beliefs about future 
competition conditions, the present situation is irrelevant for calibration purposes. Second, as the model is 
presented, it is implicitly assumed that the firms are single-goods producers and does not account for the 
possibility of multi-goods producing firms. 
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[2] 0
i

i

i
i

i

i

q
qc

q
QpqQp

q

The marginal cost of firm i is given by iii qqcc . Comparing two firms, i and j, the 

Cournot equilibrium condition in equation [2] tell us that qi > qj if and only if ci < cj. In 

equilibrium, larger firms have lower marginal costs. In any Cournot equilibrium in which 

different firms produce different quantities, marginal costs differ across firms, so that costs 

are not minimised given the aggregate output. Hence, aggregate output is not, in general, a 

sufficient statistic for welfare (Farrell and Shapiro, 1990). Moreover, in a Cournot 

equilibrium, the price-cost mark-up of any firm is given by:  

[3] ii s
p

cp

where  is the price elasticity of market demand and si is the market share for firm i defined as 

Qqs ii .7

From Equation 3 it is possible to derive a link between the shares weighted price-cost 

mark-up across all firms in an industry and the Herfindahl index (HHI), which is defined as 

the sum of the squared market shares of all firms in the industry.  

[4] HHI
p

scp
i ii

This Cournot result provides the first theoretical link between market concentration and 

higher average margins. Under Cournot assumptions, as market concentration rises – 

measured by the Herfindahl index – so do prices for a given level of costs. When the price 

elasticity of market demand increases, the price decreases.

3.1 Model Specification and Calibration 

The simulation analysis described above is based on two key assumptions. The first

assumption concerns the shape of the marginal cost curves. Farrell and Shapiro (1990) discuss 

models using both constant marginal cost and increasing marginal cost. The main difference 

between these models, assuming a linear demand, is that in the constant marginal cost case 

welfare decreases with any merger, unless there are fixed-cost savings. This is not the case for 

a quadratic cost function, when mergers may increase welfare even without synergy effects. 

7 Note that this assumption implies that the market share of the individual firm cannot be less than the market 
elasticity, since marginal cost cannot be negative. 
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The overall conclusion in the Farrell and Shapiro paper is that mergers without synergy 

effects will increase prices and for a merger to be profitable the efficiency gains need to be 

large. Another finding is that, due to the assumption that larger firms have lower marginal 

costs, an industry that is more concentrated is better for the overall welfare. 

Regarding the iron ore market, the short run marginal costs would perhaps best be 

described as constant up to a capacity constraint. In the long run it would be reasonable to 

assume constant marginal costs that can vary between mines, but with no capacity constraints 

(Torries, 1988). However, the problem with a model where firms have different but constant 

marginal costs (with no capacity constraints) is that a merger of two firms only causes the 

high-cost firm’s removal from the market. This implies that the lower cost firm’s sole 

advantage from the merger is the elimination of the higher cost firm as a Cournot competitor. 

Given that the firms in the model have no capacity constraints, the lower cost firm has no use 

of the higher cost firm’s assets/mines (McAfee and Williams, 1992). This scenario is highly 

unlikely in most markets, and also in the iron ore market where the motive behind a merger is 

to gain the other firm’s assets/mines, whether or not their marginal costs are higher. Thus, to 

overcome this problem the model assumes that the marginal cost is increasing with output, 

and dependent on the capital/capacity of each firm. Moreover, since most firms have a 

portfolio of different mines their costs will normally rise with output.

The second assumption concerns the demand system, or more precisely, the second and 

higher order properties of the functional form for the demand. This implies that different 

functional forms on the demand function might produce different results. For instance, if the 

demand function is assumed convex the second order properties would generate higher price 

effects from a merger than a liner demand function would. If a merger is significantly anti-

competitive, prices and quantities change enough so that the shape of the demand curves 

matters. It is these higher order properties of the demand system that largely determine the 

size of the post-merger price increase (Crooke et al., 1999). Moreover, demand systems that 

share the same first order characteristics can produce very different post-merger prices. This 

points out the importance of second and higher order properties of demand systems in 

determining the magnitude of the post-merger price and quantity changes.  

Crooke et al. (1999) systematically examine the implications of four different functional 

forms have on post-merger equilibria. The demand specifications they examine are: (1) an 

almost ideal demand system (AIDS); (2) a logit form; (3) a linear form; and (4) a log-linear or 

constant elasticity form. They show that the linear function provides the smallest changes in 

prices and quantities resulting from the merger. The difference between predictions from 
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linear and the logit functions was small. In the context of this study, it is sufficient to employ 

a simple linear demand function. This can be motivated by the relative ease with which it can 

be analysed; a factor that is of help in the following important contexts. Firstly, without a 

thorough analysis of the investigated industry it is unknown which of the demand 

specifications best represents the actual demand structure. Secondly, the linear demand 

function produces a conservative measure of the price change produced by the merger. 

Thirdly, logit demand is not suitable for homogenous goods since there is no probability ratio, 

which can be calculated between two goods (there is just one good in the model). Fourthly, it 

is helpful when deriving the first order conditions in order to find the optimal solution. 

The simulation model applied follows Froeb and Werden (1996) and uses the 

Mathematica software. The merger model is based on a version of the Cournot model 

employed for merger policy analysis by Farrell and Shapiro (1990), McAfee and Williams 

(1992), and discussed in Werden (1991). By assuming a linear demand function, as motivated 

above, the following industry demand and cost equations may be derived: 

[5] bQap

[6]
i

i
i k

qqc
2

2

where ki is the capital stock of firm i. Firm i chooses qi so that it maximises its profits; 

[7]
i

i
ii k

qqbQa
2

2

Applying the first order condition, the choice of qi can be obtained: 

[8] i
i

q
k

bp 1

The demand parameters can be obtained by using the fact that bQp  and the definition 

for elasticity QppQ . Rearranging terms and solving for b gives; 

[9] 1
Q
p

Q
pb

which in turn gives; 

[10] 11pa
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Market equilibrium, i.e., market price and quantity, and for firm output are solved by first 

defining:

[11]
1i

i
i bk
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[12]
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output becomes: 

[13]
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[14]
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where industry output iqQ . The determinants of this model are the industry price (p),

the industry elasticity of demand ( ), and the firm market shares (sj). The industry price have 

been normalised to one. 

3.2 Model Inputs 

To estimate the expected price increases from the merger, two necessary inputs are needed: 

the pre-merger market shares of the firms and the market elasticity of demand. Given that the 

defined relevant geographic market for iron ore is world-wide, mines from all countries need 

to be included in our analysis. We have chosen to include the mines located in the seven 

largest exporting countries, which together accounts for 94% of all exported iron ore in both 

1999 and 2000.8 The data, i.e., market shares of specific mines, is compiled from the Raw 

Materials Data, which is a unique database on minerals and metals worldwide maintained and 

continuously updated by the Raw Materials Group (Raw Materials Group, 2002). The 

database includes information on ownership and production for each mine in the iron ore 

industry, which is relevant in order to perform the simulation process. The market shares are 

based on the production level of iron ore in each mine and are presented in Appendix I. In 

order to reduce the number of included firms operating on the relevant market and hence 

make the simulation tractable all firms with a production of less than 10.5 Mt per year is 

included in the categories “Other Brazil”, “Other India”, and “Other A/SA/C” depending on 

8 The countries included in the analysis is; Australia, Brazil, India, South Africa, Canada, Sweden and 
Mauritania. We have excluded the export from Ukraine and Russia in our analysis due to lack of reliable data. 
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location. As well, mines with a production less than 1 Mt have been excluded from the 

analysis for the same reason as above. This reduces the number of included firms to 14 in 

1999 and 12 in 2000. 

Second, the demand elasticity 18.0  for iron ore has been obtained from previous 

studies that have estimated the demand of iron ore.9 This elasticity value is interpreted as the 

short-run elasticity for iron ore demand and it is consistent with the implied range of short-run 

demand elasticity values for iron ore demand reported by Chang (1994) and Hellmer (1997). 

Hellmer (1997) estimated the import of iron ore to Europe from Brazil and found the price 

elasticity of demand to be 0.18, and Chang (1994) found the demand elasticity for Brazilian 

ore to Japan to be 0.15 when using the Brazilian market share as the independent variable. 

The estimated price elasticity of demand thus illustrates a relatively inelastic demand 

situation. This is mainly explained by the fact that there are few or none substitutes to iron ore 

in the steel making process. Moreover, the cost of iron ore only represents a part of the total 

cost of producing steel (Hellmer, 1997). 

4. Results and Discussion 
In this section the merger simulation results are presented and discussed. We start by 

analysing the results from the merger simulation between Rio Tinto and North Ltd followed 

by the merger simulation results for the CVRD and Caemi merger. In both cases sensitivity 

analyses are made in order to test the sensitivity of the results to changing elasticities of 

demand. The overall effect of the merger on the market concentration is indicated by the 

Herfindahl-Hirschman Index (HHI). The index is widely used by competition authorities as a 

measure of possible negative competitive effects caused by mergers. According to the Merger 

Guidelines (1997), markets with a HHI of less than 1000 after the merger, are not usually of 

any competitive concern. A HHI between 1000 and 1800 can raise competitive concerns if the 

increase is above 100 point, thus justifying further investigation. 

4.1 The Rio Tinto and North Ltd Merger 

Table 4 presents the production and market shares before the merger. Note that the market 

shares here differ slightly from those presented in section 2. This is mainly because the data in 

section 2 is based on market shares calculated out of world production, while the market 

9 It should be noted that a restriction in the model is that the elasticity has to be larger (in absolute value) than the 
market shares of the firms. This implies that that in the Rio Tinto-North Ltd merger the elasticity is assumed to 
be 0.20, and in the CVRD-Caemi merger the elasticity used in the simulation is 0.24. 
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shares here are based on seaborne supplies (represented by the largest exporters of iron ore). 

Moreover, some of the mines have joint ownership, and since it does not make sense to 

include the same mine to different owners in the simulation analysis, the entire production 

from the mine is allocated to the largest owner.10 Regarding the market shares in 1999 we can 

see that CVRD have the largest market share in the industry, followed by Rio Tinto, BHP and 

North Ltd. Together the three companies control roughly 42% of the market. 

Table 4: Production and Market Shares Pre-Merger 1999 
Company Production 

(Mt) 
Market shares 

(%) 
Squared MS 

CVRD 94.86 19.62 384.94 
Rio Tinto 55.11 11.40 129.96 
BHP 53.31 11.03 121.66 
North Ltd 42.67 8.83 77.97 
Caemi 42.38 8.77 76.91 
State of India 41.14 8.51 72.42 
Arbed 26.00 5.38 28.94 
Iscor 23.53 4.87 23.72 
ThyssenKrupp 20.30 4.20 17.64 
LKAB 18.90 3.91 15.29 
State of Mauritania 10.52 2.18 4.75 
Other Brazil 22.14 4.58 20.98 
Other India 18.11 3.75 14.06 
Other C/SA/A 14.4 2.98 8.88 
Total Market 483.37 100 HHI = 998 
Source: Raw Materials Group (2002). 

Table 5 presents the main results from the merger simulation (for a more detailed presentation 

see Appendix II). The results indicate a post-merger HHI of 1195, and the increase in HHI 

resulting from the merger is 200 points. According to the guidelines, a merger that increases 

the HHI with more than 100 points is considered as probable to create or increase market 

power. These results thus motivate further investigation of the possible price effects resulting 

from the merger. The expected price increase in the market is 5.85%. The results also show 

that the quantity supplied decreases with about 1.2% after the merger, which is considerably 

less than the expected price change. The main reason behind this result is the inelastic demand 

facing the iron ore producers, i.e., the demand for the product is not very sensitive to price 

changes in the short run.

10 In section two the market share data is based on percentage ownership of the mine. 
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Table 5: Merger Simulation Results Rio Tinto/North Ltd Merger 
 Pre-merger Post-merger Change Change % 
HHI 995.1 1195 200.2  
Industry Price 0.9977 1.056 0.058 5.85 
Industry Quantity 483.60 478.00 -5.64 -1.17 
Elasticity 0.2 0.214 0.014 6.8 
Merged Firm Profit 7368 6147 -1221 -16.57 
Consumer Surplus   -5.82  
Producer Surplus   4.66  
Total Welfare   -1.16  

Table 5 also provides an estimate of the elasticity of demand after the merger, where we can 

see that the magnitude of the elasticity of demand increases with almost 7%. This is not 

surprising given that when the price increases, we also expect the elasticity of demand to 

increase due to the linear demand function. However, we can see that the merger is not 

profitable for the merging firm given a decrease in profit with over 16%. This implies that if 

the merger creates synergy effects they have to be comparable to the decrease in profit in 

order to justify this merger. Finally, the expected welfare effect from the merger is negative. 

In the merger simulation model it is assumed that a firm with a larger market share has lower 

marginal costs. This implies that the merged firm has a larger market share, and thus obtain a 

lower marginal cost compared to its pre-merger firms. Due to the price increase, overall the 

industry can increase its profit (the producers’ surplus) even with the reduced quantity. The 

change in the consumer surplus does not fully compensate the increase in the producer 

surplus, suggesting an overall reduction of total welfare. Table 6 presents a sensitivity 

analysis for the results where we have used different elasticities of demand.  

Table 6: Sensitivity Analysis Rio Tinto/North Ltd Merger 
 Less elastic  = 0.197 Base scenario  = 0.2 More elastic  = 0.3 
%  Industry Price 5.93 5.85 4.00 
%  Industry Quantity -1.16 -1.17 -1.20 
%  Elasticity 6.88 6.80 4.96 
%  Merged Firm Profit -16.93 -16.57 -8.63 

 Consumer Surplus -5.89 -5.82 -3.97 
 Producer Surplus 4.72 4.66 3.16 
 Total Welfare -1.17 -1.16 -0.81 

Since the market elasticity cannot be smaller than the largest firm’s market share – due to 

model restrictions – the difference between the less elastic and the base scenario elasticity is 

small. The smallest elasticity used in the sensitivity analysis is thus only marginally smaller 

than the elasticity in the base scenario. A more elastic demand suggests a lower price increase 

and a higher quantity than the base scenario case. This is in line with our expectations, given 

that a more elastic demand implies that the product is more price sensitive. The total welfare 
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effect is not as large as with a less elastic demand. However, regardless of the implemented 

elasticity of demand, the total welfare effect stays negative. Not surprisingly, but important to 

highlight, the results are affected by relatively small changes in industry elasticities. Having 

accurate and reliable estimates of the elasticities is however an important prerequisite for 

obtaining meaningful results.

4.2 The CVRD and Caemi Merger 

The production and market shares in the iron ore market in 2000, i.e., before the merger 

between CVRD and Caemi, are presented in Table 7. One noticeable difference with Table 4, 

i.e., market shares in 1999 pre-merger, is that North Ltd is now integrated into Rio Tinto 

whose production and thus market share has increased significantly. Arbed is another firm 

that has been acquired during the time period, one mine is now in the ownership of CVRD 

and another mine in shared ownership between BHP and CVRD.

Table 7: Production and Market Shares Pre-Merger 2000 
Company Production 

(Mt) 
Market shares 

%
Squared MS 

CVRD 119.08 23.01 529.46 
Rio Tinto 110.80 21.41 458.39 
BHP 71.36 13.79 190.16 
Caemi 41.82 8.08 65.29 
State of India 41.66 8.05 64.80 
Iscor 25.00 4.83 23.33 
LKAB 20.50 3.96 15.68 
ThyssenKrupp 18.70 3.61 13.03 
State of Mauritania 11.47 2.22 4.93 
Other Brazil 22.15 4.28 18.32 
Other India 18.36 3.55 12.60 
Other C/SA/A 16.60 3.21 10.30 
Total Market 517.50 100.00 HHI = 1406.30 
Source: RMG (2002).    

It is also interesting to note that the production has increased significantly from the year 

before. However, it seems as it is the three largest companies that mainly has increased their 

production, and thus manifesting their position as iron ore giants on the market. The three 

largest companies had about 42% of the market in 1999 (pre-merger), and in 2000 (pre-

merger) their share of the market has increased to 58%. We can also see that the pre-merger 

HHI has increased significantly from the year before. Regarding market shares it is noticeable 

that the market shares calculated for the CVRD/Caemi merger is comparable to the market 

shares computed by the Commission. This is mainly because they based their calculation of 

market shares on seaborne supplies, which is similar to our approach of analysing the largest 
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exporters in the market. Table 8 presents the main results from the merger simulation (for a 

more detailed presentation see Appendix III). The results indicate a post-merger HHI of 1406, 

and the increase in HHI resulting from the merger is 370 points. Thus, this merger signals that 

there are possible competitive concerns to be expected, which the Commission also 

acknowledged in their report. 

Table 8: Merger Simulation Results 
 Pre-merger Post-merger Change Change % 
HHI 1406 1778 371.8  
Industry Price 1.0 1.07 0.0695 6.95 
Industry Quantity 517,50 508,90 -8,634 -1.67 
Elasticity 0.24 0.261 0.021 8.77 
Merged Firm Profit 7368 6147 -1221 -7.60 
Consumer Surplus   -6.89  
Producer Surplus   5.27  
Total Welfare   -1.63  

The expected price increase in the market is simulated to be 6.95%. This is higher than in the 

previous merger, and thus rather large change to the pre-merger situation. The results once 

again show that the quantity supplied decreases significantly less than the expected price 

change, due to the inelastic demand facing the iron ore producers. The change in the elasticity 

of demand is almost 9%, which is higher regarding this merger due to the larger price 

increase. As well, once again the expected welfare effect from the merger is negative. Table 9 

presents a sensitivity analysis for the results with different elasticities of demand. A more 

elastic demand once again suggests a lower price increase and a larger quantity change than 

the base scenario case. However, regarding the total welfare effect the results here are the 

opposite compared to Table 6. A lower price increase suggests that the total welfare effect is 

more negative. In this case we can see that the industry profits decreases more due to the price 

increase, due to the subsequent reduction in consumer surplus. Thus, it is not obvious in 

which direction total welfare changes due to changes in elasticity.

Table 9: Sensitivity Analysis 
 Less elastic  = 0.2302 Base scenario  = 0.24 More elastic  = 0.3 
%  Industry Price 7.03 6.95 6.15 
%  Industry Quantity -1.62 -1.67 -1.84 
%  Elasticity 8.79 8.77 8.14 
%  Merged Firm Profit -7.41 -7.60 -6.90 

 Consumer Surplus -6.97 -6.89 -6.09 
 Producer Surplus 5.47 5.27 4.32 
 Total Welfare -1.50 -1.63 -1.77 
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The Cournot model is a theoretical model that is based on some strong and restrictive 

assumptions that will have an impact on the overall results from the merger simulations. For 

example, the results show that the mergers are not profitable for the involved parties. One can 

question whether this result reflects the actual outcome in the market. It is though important to 

note that we have not included any cost efficiencies in our merger model. In the case of 

mining industries, the cost efficiencies involved are usually limited since mines cannot 

physically merge. Moreover, it is difficult to find explicit estimates on potential cost savings 

in merger cases that could be used in an ex ante merger assessment study. One approach could 

be to estimate the cost savings that would be needed in order to avoid any negative welfare 

effects. Another limitation of this merger simulation model is the assumption of homogenous 

products. Most products, even in mining and minerals industries, are differentiated in one way 

or another. Using merger models that allows for this will provide results that are more 

flexible. 

5. Conclusions 
The purpose of the paper has been to analyse the price effects from the iron ore mergers 

between Rio Tinto and North Ltd in 2000, and CVRD and Caemi in 2001. Regarding the Rio 

Tinto-North Ltd merger the simulated price increase from the merger is almost 6%. Moreover, 

the market concentration, as measured by the HHI, suggests a 20% increase in the market 

concentration after the merger. The involved competition authorities estimated that the 

merged firm’s market share would be between 7-9%. Our results indicate that the market 

share of the merged firm is about 20%, which is substantially larger. This can be explained by 

differences in calculating market shares, where our analysis is based on the production of the 

largest exporters of iron ore (representing 94% of all exported iron ore), while their estimated 

market shares are based on total world production. The merged firm’s profit is expected to 

decrease with about 16% and the overall welfare effect from the merger is expected to be 

negative.

Concerning the merger between CVRD and Caemi, the market concentration pre-merger 

market significantly larger compared to the year before. Moreover, the market concentration 

increased with about 26% due to the merger, and the merged firm’s market share was 

estimated to almost 30%. It is noticeable that the market shares calculated for the 

CVRD/Caemi merger is comparable to the market shares computed by the Commission. This 

is mainly because they based their calculation of market shares on seaborne supplies, which is 
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similar to our approach of including the largest exporters in the market. The simulated market 

price increase is estimated to almost 7%, which is slightly higher than the price increase the 

year before. Not surprisingly, the welfare effect is expected to be slightly more negative in the 

CVRD/Caemi merger as compared to the Rio Tinto/North Ltd merger. The change in the 

merged firm’s profit is -7%, which is less than in the previous merger,  

In both merger simulations the overall welfare effect is estimated to be negative, 

something which thus does not support the European Commission’s decisions to allow these 

mergers. The different conclusions regarding the overall welfare effects are a result of that 

different market assessment approaches have been applied. One should remember that the 

results of the merger simulation approach have to be interpreted in the light of the explicit 

assumptions made in the model. Furthermore, it should only be used as a complement to a 

comprehensive merger assessment study that includes both qualitative and quantitative 

analyses. 
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Appendix I: Iron Ore Market Share of Mines and Producers 

Table A1: 1999
Controlled by Mine Production Mt Market Share Country Export to
CVRD Minas Gerais 45.8 9.48% B A/E 
 Carajas 43.9 9.08% B A/E 
 Capanema 5.16 1.07% B A/E 

94.86 19.62%
BHP Yandi 20.5 4.24% A Asia 
 Mt Newman 19 3.93% A Asia 
 Goldsworthy 6.5 1.34% A Asia 
 Jimblebar 4.9 1.01% A Asia 
 Whyalla 2.41 0.50% A Asia 

53.31 11.03%
Rio Tinto Hamersley 45 9.31% A Asia 
 Channar 10.11 2.09% A Asia 

55.11 11.40%
North Robe River 30.42 6.29% A Asia 
 Carol 12.25 2.53% C Europe 

42.67 8.83%
Iscor Sishen 20.74 4.29% SA A/E 
 Thabazimbi 2.79 0.58% SA A/E 

23.53 4.87%
ThyssenKrupp Fabrica 16.1 3.33% B A/E 
 Feijao 4.2 0.87% B A/E 

20.3 4.20%
Caemi M&M Pico 11 2.28% B A/E 
 Mutuca 7.5 1.55% B A/E 
 Aguas Claras 5 1.03% B A/E 
 Tamandua 2.5 0.52% B A/E 
 Capitao 2 0.41% B A/E 
 Mt Wright 14.38 2.97% C Europe 

42.38 8.77%
State of India NMD 13.64 2.82% I Asia 
 Kudremukh 5.9 1.22% I Asia 
 Dalli 4.5 0.93% I Asia 
 Meghahatuburu 3.86 0.80% I Asia 
 Rajhara 3.78 0.78% I Asia 
 Kiriburu 3.21 0.66% I Asia 
 Gua 2.95 0.61% I Asia 
 Bolani 2.15 0.44% I Asia 
 Barsua 1.15 0.24% I Asia 

41.14 8.51%
Arbed Mineracao 14.5 3.00% B A/E 
 Germano 11.5 2.38% B A/E 

26 5.38%
LKAB Kiruna 11.8 2.44% S Europe 
 Malmberget 7.1 1.47% S Europe 

18.9 3.91%
State of Mauritania M'Haoudat 4.25 0.88% M Europe 
 Rhein 3.6 0.74% M Europe 
 Idjill 2.67 0.55% M Europe 

10.52 2.18%
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Others Brazil Itaminas 5.31 1.10% B A/E 
 Sociomex 4.73 0.98% B A/E 
 CSN 10.26 2.12% B A/E 
 Mannesmann 1.84 0.38% B A/E 

22.14 4.58%
Others India Sesa Goa 4.72 0.98% I Asia 
 Noamundi 4.07 0.84% I Asia 
 Dempo 3.02 0.62% I Asia 
 Joda East 1.91 0.40% I Asia 
 Chowgule 1.66 0.34% I Asia 
 Velguem/Surla 1.37 0.28% I Asia 
 Mineira 1.36 0.28% I Asia 

18.11 3.75%
Others A/SA/C Wabush C 5.2 1.08% C Europe 
 Beeshoek SA 4.16 0.86% SA A/E 
 Mapochs SA 2.05 0.42% SA A/E 
 Savage River A 1.99 0.41% A Asia 
 Koolyanobbing A 1 0.21% A Asia 

14.4 2.98%
Total Market 483.37    
Source: Raw Materials Group (2002). 

Table A2: 2000 
Controlled by Mine Production Mt Market Share Country Export to
CVRD Minas Gerais 51.3 9.91% B A/E 
 Carajas 47.6 9.20% B A/E 
 Mineracao 14.9 2.88% B A/E 
 Capanema 5.28 1.02% B A/E 

119.08 23.01%
BHP Yandi 23.01 4.45% A Asia 
 Mt Newman 21 4.06% A Asia 
 Germano 14.28 2.76%   
 Goldsworthy 5.64 1.09% A Asia 
 Jimblebar 4.61 0.89% A Asia 
 Whyalla 2.82 0.54% A Asia 

71.36 13.79%
Rio Tinto Hamersley 55.1 10.65% A Asia 
 Channar 10.6 2.05% A Asia 

Robe River 30 5.80% A Asia 
 Carol 15.1 2.92% C Europe 

110.8 21.41%
Iscor Sishen 22 4.25% SA A/E 
 Thabazimbi 3 0.58% SA A/E 

25 4.83%
ThyssenKrupp Fabrica 13 2.51% B A/E 
 Feijao 5.7 1.10% B A/E 

18.7 3.61%
Caemi M&M Pico 12 2.32% B A/E 
 Mutuca 7.8 1.51% B A/E 
 Aguas Claras 3.7 0.71% B A/E 
 Tamandua 2.3 0.44% B A/E 
 Capitao 1.5 0.29% B A/E 
 Mt Wright 14.52 2.81% C Europe 
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41.82 8.08%
State of India NMD 14.29 2.76% I Asia 
 Kudremukh 5.7 1.10% I Asia 
 Dalli 4.48 0.87% I Asia 
 Meghahatuburu 2.67 0.52% I Asia 
 Rajhara 3.69 0.71% I Asia 
 Kiriburu 2.96 0.57% I Asia 
 Gua 2.79 0.54% I Asia 
 Bolani 2.77 0.54% I Asia 
 Kalta 1.21 0.23% I Asia 
 Barsua 1.1 0.21% I Asia 

41.66 8.05%
LKAB Kiruna 13.7 2.65% S Europe 
 Malmberget 6.8 1.31% S Europe 

20.5 3.96%   
State of Mauritania M'Haoudat 4.92 0.95% M Europe 
 Rhein 3.52 0.68% M Europe 
 Idjill 3.03 0.59% M Europe 

11.47 2.22%
Others Brazil Itaminas 6.79 9.56% B A/E 
 Mineracao 2.6 0.50% B A/E 
 CSN 10.14 1.96% B A/E 
 Mannesmann 2.62 0.51% B A/E 

22.15 4.28%
Others India Sesa Goa 4.9 0.95% I Asia 
 Noamundi 4.47 0.86% I Asia 
 Dempo 1.73 0.33% I Asia 
 Joda East 1.68 0.32% I Asia 
 Chowgule 1.73 0.33% I Asia 
 Velguem/Surla 1.49 0.29% I Asia 
 Mineira 1.32 0.26% I Asia 
 Jilling 1.04 0.20% I Asia 

18.36 3.55%
Others A/SA/C Wabush C 5.9 1.14% C Europe 
 Beeshoek SA 4 0.77% SA A/E 
 Mapochs SA 2.62 0.51% SA A/E 
 Savage River A 2.19 0.42% A Asia 
 Koolyanobbing A 1.89 0.37% A Asia 

16.6 3.21%
Total Market 517.5    
Source: Raw Materials Group (2002). 
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Appendix II 

HOMOGENEOUS PRODUCTS MERGER SIMULATION
Elasticity = 0.2
* denotes merging firm
Changes in consumer surplus and welfare are expressed as a % of premerger revenue.

Firms K0 mc0 q0 cost0 prof0
CVRD

* Rio Tinto
BHP

* North Ltd
Caemi
State of India
Arbed
Iscor
ThyssenKrupp
LKAB
State of Mauritania
Others Brazil
Others India
Others A SA C

499100.
12810.
11890.
7642.
7550.
7160.
3557.
3112.
2570.
2349.
1183.
3095.
2231.
1693.

0.01896
0.429
0.4475
0.5572
0.5602
0.5732
0.7293
0.7547
0.7882
0.8026
0.8889
0.7557
0.8106
0.849

9462.
5498.
5319.
4258.
4229.
4104.
2594.
2349.
2025.
1886.
1051.
2339.
1808.
1437.

89.68
1179.
1190.
1186.
1185.
1176.
946.1
886.3
798.2
756.7
467.3
883.8
733.
610.1

9350.
4306.
4117.
3062.
3035.
2918.
1642.
1457.
1223.
1124.
581.6
1450.
1071.
823.7

Firms K1 mc1 q1 cost1 prof1
Merged Firm
CVRD
BHP
Caemi
State of India
Arbed
Iscor
ThyssenKrupp
LKAB
State of Mauritania
Others Brazil
Others India
Others A SA C

20460.
499100.
11890.
7550.
7160.
3557.
3112.
2570.
2349.
1183.
3095.
2231.
1693.

0.3389
0.02006
0.4736
0.593
0.6067
0.772
0.7989
0.8343
0.8496
0.9409
0.8
0.858
0.8987

6933.
10020.
5630.
4477.
4344.
2746.
2486.
2144.
1996.
1113.
2476.
1914.
1521.

1175.
100.5
1333.
1327.
1318.
1060.
993.
894.3
847.8
523.5
990.2
821.2
683.5

6147.
10480.
4613.
3400.
3270.
1840.
1632.
1370.
1260.
651.6
1624.
1200.
922.9

Variables Pre Post Change %Change
Guidelines HHI
Quantity HHI
Capacity HHI
Industry Price
Industry Quantity
elasticity
Merged Firm Profits
Industry Av. Costs
Industry Profits
Consumer Surplus
Total Welfare

995.1
995.1
7794.
0.9977
48360.
0.2
7368.
0.2499

1195.
1115.
7800.
1.056
47800.
0.2136
6147.
0.2525

200.2
119.6
6.114
0.05837
- 564.3
0.0136
- 1221.
0.002534
4.657
- 5.817
- 1.16

5.851
- 1.167
6.801
- 16.57
1.014
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Appendix III 

HOMOGENEOUS PRODUCTS MERGER SIMULATION
Elasticity = 0.24
* denotes merging firm
Changes in consumer surplus and welfare are expressed as a % of premerger revenue.

Firms K0 mc0 q0 cost0 prof0
* CVRD
Rio Tinto
BHP

* Caemi
State of India
Iscor
ThyssenKrupp
LKAB
State of Mauritania
Others Brazil
Others India
Others A SA C

288700.
102700.
16770.
6304.
6268.
3129.
2199.
2454.
1266.
2696.
2156.
1918.

0.04125
0.1079
0.4254
0.6633
0.6646
0.7988
0.8496
0.835
0.9075
0.8217
0.8521
0.8663

11910.
11080.
7136.
4181.
4166.
2500.
1868.
2049.
1149.
2215.
1837.
1661.

245.6
597.8
1518.
1387.
1384.
998.2
793.6
855.6
521.3
910.
782.7
719.5

11660.
10480.
5618.
2795.
2782.
1501.
1075.
1194.
627.6
1305.
1054.
941.7

Firms K1 mc1 q1 cost1 prof1
Merged Firm
Rio Tinto
BHP
State of India
Iscor
ThyssenKrupp
LKAB
State of Mauritania
Others Brazil
Others India
Others A SA C

295000.
102700.
16770.
6268.
3129.
2199.
2454.
1266.
2696.
2156.
1918.

0.04321
0.1154
0.455
0.7108
0.8543
0.9086
0.893
0.9706
0.8788
0.9113
0.9265

12750.
11850.
7632.
4455.
2673.
1998.
2192.
1229.
2369.
1965.
1777.

275.4
683.8
1736.
1583.
1142.
907.8
978.7
596.3
1041.
895.3
823.

13360.
11990.
6427.
3182.
1717.
1229.
1365.
717.8
1493.
1206.
1077.

Variables Pre Post Change %Change
Guidelines HHI
Quantity HHI
Capacity HHI
Industry Price
Industry Quantity
elasticity
Merged Firm Profits
Industry Av. Costs
Industry Profits
Consumer Surplus
Total Welfare

1406.
1406.
4948.
1.
51750.
0.24
14460.
0.207

1778.
1588.
5139.
1.07
50890.
0.261
13360.
0.2095

371.8
181.2
191.
0.06952
- 863.4
0.02104
- 1099.
0.002518
5.265
- 6.894
- 1.629

6.952
- 1.668
8.766
- 7.604
1.216
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Abstract

The purpose of this paper is to estimate and analyse the price effects of the iron ore mergers 

between Rio Tinto and North Ltd in 2000, and CVRD and Caemi in 2001. The analyses are 

conducted using a merger simulation model that, based on the pre-merger situation, estimates 

the post-merger outcome. This paper applies the so-called Proportionality-Calibrated Almost 

Ideal Demand System (PCAIDS) model, which assumes that the product is differentiated and 

that the strategic variable is price. The results from the merger simulations show that in the 

case of the merger between Rio Tinto and North Ltd the merged firm has a combined market 

share of almost 20%. However, the estimated market weighted average price effect is only 

2.6%. Regarding the merger between CVRD and Caemi, the merged firm’s market share is 

about 29%, and the estimated market weighted average price effect is 4.6%. When removing 

Caemi’s Canadian asset, which was the Commission decision in order to allow the merger, 

the market price effect decreases to 3.1%. Overall the results in this study support the 

Commission’s decisions regarding both merger cases, and shows that merger simulations of 

price effects can be valuable tools in merger assessments.  
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1. Introduction
The amount spent on mergers and acquisitions in the mining industry between 1995 and 2005 

averaged at about 20 billion US dollars per year, with a peak in 2001 when 40 billion US 

dollars were spent on mining mergers and acquisitions. During 2006 a remarkable 140 billion 

US dollars were spent on mergers, even though probably a one off event, illustrating that 

consolidation is an important strategy for mining companies (Ericsson, 2007). The iron ore 

industry is a good example of a mining industry that has experienced many mergers and 

acquisitions during this time period, exemplified by Anglo American-Kumba Resources 

(2002), CVRD-Ferteco (2001), BHP-Billiton (2001), CVRD-Caemi (2001), Rio Tinto-North 

Ltd (2000) and North Ltd-Iron Ore Co of Canada (1997). All of these mergers have increased 

the concentration in the iron ore market. What is the effect of the increased consolidation? 

The steel industry voiced a concern of iron ore producers becoming too powerful in the yearly 

price negotiations already in 2000, when the proposed merger between Rio Tinto and North 

Ltd was discussed (Ericsson, 2002). Evidence also shows that the price negotiations that 

followed the period of large scale mergers in the iron ore industry did become lengthier 

(Ericsson, 2003).1 However, the question remains, has the consolidation trend had a 

significant effect on the prices of iron ore? 

The purpose of this paper is to estimate and analyse the price effects of the mergers 

between Rio Tinto and North Ltd in 2000, and CVRD and Caemi in 2001. These are 

interesting case studies given that the mergers united two of the top five producers of iron ore 

in both cases, and thus increased the market concentration significantly. The analyses will be 

conducted using a merger simulation model that, based on the pre-merger situation, estimates 

the post-merger outcome. Generally, merger simulation models estimate the price effect 

mergers have by combining estimates of elasticities of demand with an economic model of 

firm behaviour. 

The use of empirical economic methods to analyse the price effects from mergers has 

increased during the last decade. The literature in this area has been extensive, for a 

comprehensive review see Baker and Rubinfeld (1999). The development of empirical 

methods used in merger analysis has been paralleled with an increased reliance on unilateral 

effects analyses by most competition authorities. Unilateral effects analysis aims at 

1 In 2002 the first iron ore price was settled on May 29, and in 2003 the first price was settled on May 15. This 
should be compared to a long tradition of settling prices between February and March. However, the long-lasting 
price negotiations during the early 2000, also reflect the conflict between strong demand (especially stemming 
from the exceptional growth in China) and weak economic performance in the steel making industry, an industry 
that lags behind the consolidation trend in the iron ore industry (Ericsson, 2003). 
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determining if firms in an industry have market power and how a merger will affect that 

situation, assuming that the firms act in an uncoordinated way. In a differentiated product 

market it is difficult for firms to collude tacitly, which is why uncoordinated decision making 

seems more likely.2 Unilateral effects refer to the possibility of the new merged firm to raise 

prices unilaterally, i.e., raise the price of its products above the pre-merger level. This is 

especially important when the merging firms’ products are relatively close substitutes for each 

other (Merger Guidelines, 1997).3

The iron ore industry might, at a first glance, be best described as a Cournot market, 

i.e., the firm’s production level is set by the mine capacities and the product (iron ore) is 

relatively homogenous. This situation is also what previous research on the iron ore market 

has focused on; Hellmer (1997) analysed the competitive strength on the iron ore market by 

studying the European market for iron ore. He tests the hypothesis that all participants in the 

market are engaged in a Cournot game (determining output), against an alternative hypothesis 

that at least one of them, Brazil, is acting as a Stackelberg leader. The results verify that 

Brazil acts as a leader in the European market. Chang (1994) performed a similar analysis for 

the Japanese market, and Privovolos (1987) developed an iron ore model using theories of 

bilateral oligopoly. He applied a two-stage game in order to determine the price formation of 

iron ore at the contractual negotiations between Brazil and Europe. His main finding was that 

an increase in Brazilian iron ore capacity would reduce iron ore prices, and also that an 

increase in European Economic Community crude steel production would increase iron ore 

prices. These studies are however based on country-level data and not on mine-level data, 

increasing the market resolution and making it possible to obtain and analyse the results in 

greater detail. 

However, arguments supporting the notion that the world iron ore market can be 

described using Bertrand instead of Cournot assumptions has been raised lately. The main 

argument is that the product is differentiated, and at the time of the mergers (1999-2001) the 

iron ore industry was characterised by excess capacity. Thus, we have to lift focus from 

bilateral monopoly and Cournot models and apply a merger model that best can describe the 

changed situation on the iron ore market assuming Bertrand pricing behaviour, both pre- and 

post-merger. This implies that firms on the iron ore market set the price of its varieties (in our 

2 Note that the predicted price increases only reflect unilateral effects of the merger, and thus does not include 
possible coordinated effects. The price increases could therefore be treated as lower bounds. 

3 The rationale is that the price increase resulting from the merger can be profitable for the new firm if a large 
enough group of buyers are directed to the firms other products. Previously such a price increase might not have 
been profitable given that the lost sales would have been directed to competitors (Merger Guidelines, 1997). 
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case iron ore from a specific mine) in order to maximise its profit. Equilibrium is reached 

when no firm in the market can increase its profit by unilaterally changing the prices of its 

different varieties (Tirole, 1988). Other core assumptions of the merger simulation applied 

include: (1) the firms set prices non-cooperatively in a static game; (2) marginal costs are 

often assumed constant with respect to the production level; (3) the merger does not lead to 

any other structural changes, such as entry and new products introductions. In merger 

simulations it is also important to choose an appropriate demand structure. Different merger 

simulation models differ regarding which demand model they apply.4 This study applies a 

version of the almost ideal demand system (AIDS), which is modified to reflect a proportional 

distribution of mine-specific demand elasticities to their respective market share. The 

proportionality-calibrated almost ideal demand system (PCAIDS) was first introduced by 

Epstein and Rubinfeld (2001; 2004a) and later applied in a number of studies (e.g., Coloma, 

2004; Dalkir and Kalkan, 2003).5

The paper proceeds with a description of the iron ore industry and a presentation of the 

mergers between Rio Tinto and North Ltd, and CVRD and Caemi. Section 3 focuses on the 

market shares and development of the iron ore market. Section 4 outlines the merger 

simulation model, and finally the results and conclusions are presented. 

2. Background to the Industry and the Case Studies 
This section briefly presents the iron ore industry at the time for the mergers, proceeding with 

the details for each case. The product, iron ore, is mined in two forms, lump ore and fine ore 

(the rate of lump and fine is set by the composition of the iron ore deposit) but is sold in three 

forms; lump, fine, and pellets. Pellets are fine ore that have been processed by pelletising or 

sintering. The reason for this is that in the steel making process only lump ore can be used as 

a direct input; fine ore needs to be converted to pellets (European Commission, 2001). 

Demand for iron ore comes almost exclusively from the steel industry. The prices are 

negotiated yearly between major iron ore and steel producers in the dominating regions, 

Europe/Brazil and Japan/Australia. The negotiation process involves a number of meetings 

and it often takes several months to finish. The role of this process is to set 

4 The static assumption is according to previous studies reasonable (see Nevo, 2000; Pinske and Slade, 2004). 
Regarding the marginal cost assumption, this fits relatively well for the iron ore industry (see Torries, 1988). The 
third assumption, merger simulations can be seen as static since they do not include structural changes after the 
merger. However, regarding iron ore, such structural changes are few and far between (see next section). 
5 Appendix II provides a simplified introduction to an AIDS model, which the further simplified PCAIDS model 
is built upon. 
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reference/benchmark prices for the different ore types in each consumer region, which then 

smaller producers use as a guide in their pricing behavior.6 The contracts between the iron ore 

and the steel producer are often between three and five years, subject to the yearly revised 

prices (Ibid.). The main reason behind the price negotiation is the noticeable short run 

instability of iron ore production and prices, mainly caused by a relatively high income 

elasticity of demand. The use of long term contracts is a way of stabilizing the market and 

thus decrease the uncertainties involved for both producers and consumers (Rogers and 

Robertson, 1987).

The reference price can be seen as a market price since the price negotiators consider 

the whole iron ore market, i.e. perceived state of demand and supply for iron ore, the financial 

situation of ore producers and steel mills, as well as the long term needs of both industries. 

Moreover, the negotiations can be considered transparent since the expectations of the 

perceived state of the industry and possible price movements are widely discussed in industry 

journals during the negotiation process (European Commission, 2001). Different mines have 

different prices of 1 percent Fe per ton, and this is mainly determined by the geological 

composition of the ore at the specific mine.7 Given the fact that different mines set different 

prices, it is reasonable to assume that the market structure is oligopolistic with differentiated 

products. We also argue that the firms’ strategic variable is price, mostly since adjustments in 

production are due to price changes. This has clearly been illustrated lately with the increased 

demand from China, which has put an upward pressure of prices, leading firms to increase 

their production/capacity.8

2.1 Concentration in the Iron Ore Industry 

The largest producers in the iron ore market are the global corporations: CVRD, Rio Tinto, 

and BHP. Regarding the corporate control in the iron ore industry, Table 1 illustrates the ten 

leading iron ore companies in 1990 and 2000 respectively. It is noticeable that the active 

companies have varied over the decade but the top three companies, CVRD, BHP, and Rio 

6 The benchmark price is normally settled for fines first, mainly because of the lower prices and higher quantities 
concerned. After this price is settled, the prices for lumps and pellets are negotiated (European Commission, 
2001). 
7 In the production of steel it is important what the remaining ore consists of, i.e., apart from the iron content. In 
turn, this affects the prices at each mine (Raw Materials Group, 2002). 
8 Capacity is obviously to a certain extent given by the mine. However in a situation of excess capacity in the 
industry, it is more reasonable to assume that the strategic variable is price. 
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Tinto, have manifested their position during the decade. Rio Tinto moved from third to 

second position, mainly due to the merger with North Ltd in 2000.9

Table 1: Corporate Control in Iron Ore Mining 1990 and 2000 
199
0

Company Country Productio
n (Mt) 

Shar
e % 
ww 

200
0

Company Country Productio
n (Mt) 

Shar
e % 
ww 

1 CVRD Brazil 85.44 15.4 1 CVRD Brazil 120.94 17.8 
2 BHP Ltd Australia 46.20 8.3 2 Rio Tinto plc  UK 89.47 13.2 
3 Rio Tinto 

plc 
UK 42.79 7.7 3 BHP Ltd Australia 66.91 9.9 

4 State of 
India 

India 32.07 5.8 4 Mitsui & Co Japan 47.26 7.0 

5 Caemi 
Mineraca
o

Brazil 23.03 4.1 5 State of India India 42.76 6.3 

6 State of 
SA

SA 22.23 4.0 6 Iscor Ltd SA 24 3.5 

7 State of 
Venezuela 

Venezuel
a

20.12 3.6 7 LKAB Sweden 20.5 3.0 

8 LKAB Sweden 19.74 3.6 8 ThyssenKrup
p

Germany 20.0 2.9 

9 State of 
Luxemb. 

Luxemb. 18.09 3.3 9 State of 
Venezuela 

Venezuel
a

17.0 2.5 

10 IOC of 
Canada 

Canada 14.25 2.6 10 USX Corp USA 16.30 2.4 

Total 10 largest 323.96 58.3 Total 10 largest 465.14 68.5 
Total western world 555.62 100 Total western world 679.16 100 
Total world 977.0  Total world 1060.0  
Source: Ericsson (2002). 

Table 1 also shows that the concentration in the iron ore market has increased during the 

1990s. Considering the large merger activity in 2001, concentration has continued to increase 

further. The higher concentration level has potentially a negative effect for the iron ore 

consumers, i.e. the steel producers, given that the price negotiations have become more 

difficult. The largest merger and acquisition transactions in the iron ore industry in 2000 and 

2001 are presented in Table 2. The company that has been most active in this process is 

CVRD, who in only two years has taken over Ferteco from ThyssenKrupp, Samitri from 

Arbed, and Sociomex. The company also shares Caemi with the Japanese firm Mitsui. The 

largest deal in Table 2 occurred in 2000 when Rio Tinto merged with North Ltd, which 

amounted to US$ 2,030 million (Ericsson, 2002). The merger cases that will be analysed, Rio 

Tinto-North Ltd and CVRD-Caemi, are presented below. 

9 North Ltd is not included in Table 1 since it is classified as a diversified metal producer (Ericsson, 2002). 
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Table 2: Iron Ore M&A in 2000/2001 (excl. deals with less than 50% share) 
Year Buyer Country Seller Country Share 

%
Target Country Value 

MUSD 
2001 CVRD Brazil ThyssenKrupp Germany 100 Ferteco Brazil 696 
2001 Mitsui Japan Frering 

brothers 
Brazil 60 Caemi  Brazil 340 

2001* CVRD Brazil Mitsui Japan 50 Caemi Brazil 280 
2000 Rio 

Tinto
Australia n/a  100 North 

Ltd
Australia 2030 

2000 CVRD Brazil Arbed SA Luxembourg 63 Samitri Brazil 525 
2000 CVRD Brazil n/a  100 Sociomex Brazil 54 
2000 Ivanhoe Canada n/a  100 ABM  Australia 29 
Source: Ericsson (2002). 

2.2 The Rio Tinto and North Ltd Merger 

On June 30, 2000, Rio Tinto notified relevant agencies of their request to pursue a public bid 

for all outstanding shares of North Ltd, giving Rio Tinto the sole control over North Ltd. The 

proposed merger had to get approval from three involved agencies, the Australian 

Competition and Consumer Commission (ACCC), and the European Competition 

Commission (European Commission, 2000). The ACCC announced their approval of the 

merger August 4. The ACCC’s decision was based on the estimation that the merged firm’s 

iron ore production would be about 7% of world production. The share of the combined 

Australian iron ore production was expected to be considerably larger, but since almost all 

production is exported this was not seen as a problem. The ACCC thus decided that the 

acquisition would unlikely result in a substantial decrease of competition in any Australian 

market (ACCC, 2000). 

The European Competition Commission (hereafter the Commission) came to their 

conclusion on the 2nd of August, 2000. Regarding the definition of relevant product markets 

the Commission was informed by a number of interested parties that fines, pellets and lump 

iron ore should be considered separate product markets. According to these parties the 

substitution possibilities between the three different ores are limited, since the switching 

between e.g., pellets and fines can significantly affect the efficiency of the steel mills. There is 

also limited substitution possibilities from a supply perspective given that not all mines can 

produce lumps, and also since the production of pellets requires a pelletising plant, which 

involves a large capital investment (European Commission, 2000). 

Another suggestion was that the relevant market should only include seaborne 

quantities, since it is only seaborne iron ore that normally is available for European importers. 

However, the Commission does not find it necessary either to establish separate product 

markets for pellets, fines and lump, or whether to only consider seaborne trade. The notified 
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merger proposal “will not lead to the creation or strengthening of a dominant position” (Ibid; 

p. 3). Regarding the definition of the relevant geographic market the Commission 

acknowledges that metals and minerals are commonly traded on a global basis, and thus the 

relevant geographic market should be considered world-wide. This is supported by the fact 

that European consumption of iron ore constitutes of 90% imports. Also, the prices in the two 

main importing areas, Europe and Japan, follows each other, and the major producers in 

Australia and Brazil export their iron ore to steel mills both in Europe and Asia (Ibid.). 

The Commission finds that the market share of the merged firm would be about 9% 

(calculated from the estimated world-wide supplies) and would thus not be of any competitive 

concern. The Commission also considers concentration levels for the separate markets for 

pellets, fines and lump, and only allowing for seaborne supplies. Regarding pellets there is no 

horizontal overlap in Rio Tinto and North Ltd’s production. For fines and lump the 

Commission finds that the market share of the merged firm, based on seaborne supplies, 

would be approximately 25% to 30% for both products. Considering that other firms in the 

industry have similar shares, the Commission concluded that there would still be a significant 

degree of competition in these markets.10 The Commission also notes that there presently is 

excess capacity for iron ore production, and thus the merged firm would not be able to raise 

prices profitably (Ibid.).

In sum, even if all the involved Competition Agencies conclude that there are no 

competitive concerns due to the merger, it is still of interest to analyse the price effect of the 

merger. The involved agencies’ approach to the merger is basically structural, i.e., after 

defining the relevant market the assessments rely heavily on measures of market shares and 

Hirschman-Herfindahl Indexes (HHI). Such an approach is especially limited in a 

differentiated product situation, since it does not capture the nature of the competitive 

conduct, and does therefore not provide enough information to estimate price effects from the 

merger. 

2.3 The CVRD and Caemi Merger 

On May 31, 2001, CVRD and Mitsui, a Japanese trading company, informed the European 

Commission that they intended to acquire joint control over Caemi, a Brazilian company with 

significant iron ore assets both in Brazil and Canada. The Commission concluded that the 

acquisition raised serious doubts regarding whether it was compatible with the common 

10 CVRD has market shares of approximately 20-30% for seaborne fines, and 15-20% for seaborne lump. BHP 
has market shares in the range of 15-20% for seaborne fines, and 15-25% for seaborne lump. 



 8

market within the European Union. Regarding the product market definition the Commission 

concludes that fines, lump and pellets should be considered separate markets. They also note 

that iron ore that is suitable for DRI production also should be divided into two hypothetical 

markets, one for DR pellets and one market for combining DR pellets and DR lump 

(European Commission, 2001).11

The Commission defined the relevant geographic market as the sale of ore to all 

seaborne customer areas. However, when calculating the market shares the Commission used 

total seaborne iron ore sales in 2000. The Commission’s calculation of market shares are 

presented in Table 3. It is evident that the merged firm was expected to have a strong position 

both regarding the markets for fines and pellets. In addition, the merged entity’s total share of 

the iron ore market is estimated to be between 35% and 45%. The Commission concludes that 

there are competitive concerns regarding the market for seaborne supply of pellets. Thus, the 

merger between CVRD and Caemi is expected to create a dominant position in the market for 

seaborne sold pellets. The Commission also finds that the new firm also would gain a 

dominant position regarding the supply of DR lump and pellets for seaborne sales (Ibid.). 

Table 3: Market Shares based on Total Seaborne Sales, 2000 
 Fines Lump Pellets Total Iron Ore 
CVRD 25-35 % 10-20 % 35-45 % 25-35 % 
Caemi < 10 % < 10 % < 10 % < 10 % 
Merged firm 35-45 % 10-20 % 40-55 % 35-45 % 
Rio Tinto 25-35 % 25-35 % 25-35 % 25-35 % 
BHP 10-20 % 10-20 % 10-20 % 10-20 % 
LKAB < 10 % < 10 % 10-20 % < 10 % 
SNIM < 10 % < 10 % < 10 % < 10 % 
ISCOR < 10 % 10-20 % < 10 % < 10 % 
Source: European Commission (2001). 

Regarding fines (even though the new firm would have a relatively large share of the market) 

the Commission did not expect any competitive concerns. This conclusion was mainly based 

on the fact that the competitive pressure in this market was considered as stronger. Moreover, 

the Commission did not find any evidence that the three dominant suppliers would engage in 

collective dominant strategies. Regarding iron ore lump, there was no competitive concern, 

mostly due to the relatively low market share for the merged entity in the seaborne sold lump 

market. In order for the merger to proceed the Commission suggested the removal of the 

11 Direct reduction iron (DRI) is iron ore that is converted into a DR furnace. The DRI can then directly be 
transformed into steel in an electric arc furnace process. DRI can be produced by either DR lump or pellets, or a 
combination of the two. However, the ore used has to be of high iron content and also with low levels of 
impurities. 
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overlap in iron ore pellets by CVRD and Caemi. This was done by the disposal of Caemi’s 

50% interest in QCM, a Canadian producer of pellets and fines (Ibid.).

In sum, the Commission allowed the merger between CVRD and Caemi after the 

removal of the possible dominant position in pellets. However, just as in the Rio Tinto-North 

Ltd case the Commission’s decision was primarily based on an assessment of market shares. 

Thus, no attention was given to estimating the possible price effects of the proposed merger. 

The CVRD-Caemi merger will in this study be analysed as CVRD will gain full control over 

Caemi, due to simplifications in the analysis. This is not an implausible assumption given that 

CVRD most likely will be a dominant owner due to its position in the market. It is though 

possible to include/exclude the Canadian mine. 

3. The Iron Ore Market and Market Shares 
This section presents the development of the world iron ore market regarding production, 

export and import, as well as the prices of iron ore. The Commission defined the relevant 

market for iron ore as global, as compared to regional, given that price in Europe and Asia 

follows each other closely and also because trade in iron ore indicate a world market. Given 

that this study aims at simulating the price effects, it is not necessary to define the relevant 

market (Epstein and Rubinfeld, 2004b).12 However, given the vast number of mines operating 

in the world market, some modifications regarding the definition of market shares have been 

made. The calculation of market shares are presented below. 

3.1 World Iron Ore Production and Trade 

World production of iron ore has increased steadily since the beginning of the 1990s and in 

2002 it exceeded 1,000 million tonnes (Mt). Brazil is the largest producer in 2002, with a 

production of 239 Mt, and Australia the second largest producer, producing 187 Mt. Total 

iron ore exports have grown by more than 30% since 1990. The two dominating exporting 

countries in the world are Australia and Brazil, whose export shares in 2002 were 34% and 

33% respectively. The same growth pattern can be found regarding iron ore imports. The 

world’s largest importer is Japan whose import share in 2002 was 25%, followed by China 

12 A formal definition of the relevant market is not necessary in merger simulations of unilateral effects since it is 
assumed that the market elasticity used in the model depends on the number of products/brands identified in the 
market. Rather, merger simulation (using appropriate elasticities) provides an indication of the definition of 
relevant market, i.e., if the estimated price effects are small it is likely that the relevant market should be broadly 
defined and the merger is not likely to be anticompetitive, and vice versa if the estimated price effects is large 
(Epstein and Rubinfeld, 2004b). 
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whose import has grown remarkably the last years reaching almost 22% in 2002. The total 

European imports correspond to 30%, with Germany as the largest importer with a share of 

almost 9% (UNCTAD, 2003). The growth in world-wide iron  ore trade seem to indicate that 

the market has become a more global, and less regional, market than what might have been 

the case in the past. 

The prices in Australia and Brazil, for the different types of ore, seem to follow each 

other closely. This is reinforced by the data presented in Figures 1 and 2, which depict the 

price developments for the major iron ore producers in Australia and Brazil since 1995 and 

separately for lumps and fines (Ibid.).  

Figure 1: Iron Ore Prices to Europe US cents per 1% Fe per ton 
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Figure 1 shows the prices of fines and lump from Hamersley (Rio Tinto) in Australia to 

Europe, as well as the prices from Carajas (CVRD) in Brazil to Europe. It should be noted 

that the prices from Australia include the freight to Rotterdam, while the prices from Brazil 

exclude the freight. It is therefore difficult to comment on the different levels. The prices from 

Australia are from Hamersley (Rio Tinto), however, it could as well be the prices from Mount 

Newman (BHP Billiton) since they are exactly the same. One conclusion is that all the prices 

from the three main iron ore players follow each other fairly closely, something which 

reinforces the conclusion of a world-market for traded iron ore. 

Figure 2 shows the equivalent prices directed towards Japan. All prices are free on 

board (FOB) which implies that they exclude freight. The prices from Australia are from the 

same mines, i.e., Hamersley (Rio Tinto) and Mount Newman (BHP Billiton). However, 

regarding the ore from Brazil the price is from Itabira (CVRD), since the prices for lump from 
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Carajas (CVRD) is not known.13 We can see that the prices from Australia are noticeably 

higher that the prices from Brazil. According to industry specialists this is because it is 

cheaper to ship iron ore from Australia to Japan, than from Brazil to Japan, and thus in the 

price negotiations they argue that the Australian ore should be higher priced.

Figure  2: Iron Ore  Price s  to Japan US ce nts  pe r 1% Fe  pe r ton 
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3.2 Market Shares in the Iron Ore Industry 

Given that the relevant geographic market for iron ore seems to be world-wide, mines from all 

countries need to be included in our analysis. However, due to the vast number of mines that 

operates in the global market, when performing a market simulation these need to be more 

clearly defined. We have chosen to include the mines located in the seven largest exporting 

countries, which together exported 94% of all exported iron ore in 1999 and 2000.14 The data, 

i.e., market shares of specific mines, have been compiled from the Raw Materials Data, which 

is a unique database on minerals and metals worldwide maintained and continuously updated 

by the Raw Materials Group (Raw Materials Group, 2002). The database includes information 

on ownership and production for each mine in the iron ore industry.  

Tables A1 and A2 in Appendix I show the market shares of the mines operating in the 

defined market area both in 1999 and 2000. The market shares are based on the production 

level of iron ore in each mine. Given that we only have included mines in the major exporting 

13 The price for fines from Carajas is exactly 0.5 cents higher than fines from Itabira for all years (UNCTAD, 
2003). 
14 The countries included in the analysis are; Australia, Brazil, India, South Africa, Canada, Sweden and 
Mauritania. We have excluded the exports from Ukraine and Russia in our analysis due to lack of reliable data. 
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countries, production is a relevant measure of market share in the international iron ore 

industry. We can see that CVRD has the largest market share in the industry, followed by Rio 

Tinto, BHP, and State of India. It should be noted that the market shares here differ slightly 

from those presented in section 2. This is because some of the mines have joint ownership, 

and since it does not make sense to include the same mine to different owners in the 

simulation analysis. The total production from the mine is allocated to the largest owner.15 In 

order to reduce the number of included firms that operates in the relevant market and hence 

make the simulation tractable all firms with a production of less than 10.5 Mt per year is 

included in the categories “Other Brazil”, “Other India”, and “Other A/SA/C” depending on 

location. In addition, mines with a production of less than 1 Mt have been excluded from the 

analysis for the same reason as above. This reduces the number of included firms to 14 and 

the number of included mines to 54. However, given the vast number of mines, in order to get 

tractable results, these have also been compressed to one product if they are located in the 

same country (for the same firm). 

4. A Nested Almost Ideal Demand System with Proportionality Calibration 
Merger simulation methods have become important tools, not the least when analysing the 

effects of differentiated products mergers, e.g., Hausman et al. (1994), Werden and Froeb 

(1996), Werden (1997), Hausman and Leonard (1997). The technique is founded in the theory 

of industrial organisation and applies economic models to estimate the price effect resulting 

from a proposed merger. Different economic models can be used in merger simulation, when 

necessary data is collected it is most common to estimate the demand. However, if it is 

complex to obtain sufficient data for estimating the demand it is possible to apply the method 

to a so called calibrated-demand simulation model. These models use additional assumptions 

about the behaviour of the demand model in order to use less input data. An example of a 

calibrated-demand simulation model is PCAIDS, which only requires information on market 

shares and two estimations of elasticities. The calibrated-demand models also open up for the 

possibility of sensitivity analyses based on different levels of the elasticities. Thus, these 

models are useful as a first assessment in merger cases that lacks sufficient data in order to 

estimate a full set of cross-price elasticities (Epstein and Rubinfeld, 2001). 

Briefly, PCAIDS is an approximation to the Almost Ideal Demand System (AIDS) 

that is widely used in applied microeconomics (Deaton and Muellbauer, 1980; Epstein and 

15 In section two the market share data are based on percentage ownership of the mine. 
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Rubinfeld, 2001; 2004a). See Appendix II for a simplified description of this model. PCAIDS 

relies on a generalised principle of proportionality to greatly reduce the number of free 

parameters in the demand model. The proportionality assumption implies, for example, that 

the market share a specific mine looses by increasing its price for iron ore will be divided to 

the other mines in the market in proportion to their current market share. In its basic form 

PCAIDS can be fully specified with two parameters: (a) a single mine-specific price elasticity 

of demand; and (b) the price elasticity of demand for the iron ore industry as a whole. 

Following the PCAIDS model outlined in Epstein and Rubinfeld (2001; 2004a), a 

merger model simulating the price effect from the mergers between Rio Tinto-North Ltd and 

CVRD-Caemi is developed. There are n pre-merger firms operating in the market. The ith

firm controls ni mines and there is a total of N mines operating in the market. The first order 

conditions for profit maximisation can be expressed as SEEEs n21 ,...,,diag where s=(s1,

s2,…, sN)´ is the vector of market shares and S=diag(s), =( 1, 2,…, N)´ is the 

corresponding vector of margins for individual mines and Ei is an ni by ni matrix of 

transposed price elasticities with elements equal to jk. In the pre-merger equilibrium,  is 

given by sEEES n21
11 ,...,,diag . The merged firm is characterised by an augmented 

elasticity matrix E* for the m mines it is now operating. The first order conditions for the post-

merger market can than be expressed as; 

[1] 0,...,,diag post
1

post SEEEs *
nm .

The merger simulation consists of finding the post-merger prices that yield margins, shares, 

and elasticities that solve equation [1].  

Choosing a functional form for the underlying demand model is necessary in order to 

find a solution to equation [1]. The literature suggests a number of different specifications, 

e.g. linear, constant elasticity, variants of logit and almost ideal demand systems. Ideally, the 

functional form should reflect the characteristics of the market under investigation. Without a 

detailed analysis, warranting a separate study, that identifies these characteristics there is no a

priori justification choosing one functional form over another. However, it is justified to 

choose a functional form that allows a flexible computation of the parameters. The AIDS 

demand system provides the desirable flexibility.16

Applying the AIDS demand structure, the market share of the individual mines (s) can 

be specified as a linear function of the natural logarithms of all the mine-specific iron ore 
                                                
16 A brief description using only two firms is given in Appendix II. 
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prices in the market. That is, pBcs ln  where p is a vector of iron ore prices, c a vector 

of constants and B is a matrix of parameters invariant to price changes. The total differential 

of the share equation equals: 

[2]
p
pBs dd

and describes a simple relationship between the change in each mines market share (ds) and 

the unilateral effects (dp/p),17 i.e., the total effects on a specific mine’s market share due to 

changes in all mine’s iron ore prices. The specification in equation [2] suggests that the 

change in each mine’s market share is explained by the percentage change of the mines’ iron 

ore prices where the matrix B provides the weights.18 For example, considering two mines in 

the market, a price increase in the first mine’s price will reduce its market share since the 

unilateral effect (dp1/p1) is positive and the weight b11. However, the first mine’s market share 

will increase as a result of an increase in the second mine’s price since both dp2/p2 and b12 are 

positive. 

With proportionality, lost market shares due to price increases are diverted to other 

mines in proportion to their market shares. For example, if mine 2 has a market share of ten 

percent and mine 3 a market share of five percent, an increase in the price of iron ore from 

mine 1 will increase the market share of mine 2 by twice as much as it increases the market 

share of mine 3. The directions of the effects from price increases on the mines’ market share 

are unambiguous, the magnitudes, however, are not. The elements of B (bij) must thus be 

determined in order to simulate the merger effects. The diagonal elements of B, i.e., b11, b22,

b33 etc, specify the effect of each mine’s own price on its market share. Intuitively, these 

coefficients should have negative signs since an increase in its own price should, ceteris 

paribus, reduce its market share. They are thus closely related to the own-price elasticities. It 

can be shown that the own-price elasticity ( ii) can be expressed as (Epstein and Rubinfeld, 

2001):

[3] 11 i
i

ii
ii s

s
b

,

                                                
17 Homogeneity (i.e., kbik 0 ) and an adding-up constraint (i.e., kbki 0 ) are imposed in equation [2]. 
Homogeneity with proportionality assumption implies symmetry of B and thereby satisfying Slutsky symmetry 
(Epstein and Rubinfeld, 2004a). 
18 The price changes will also in general affect the total size of the market. 
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where  is the own-price elasticity of demand for the iron ore market as a whole, which is 

typically assumed to remain unchanged post-merger. 

The off-diagonal elements of B (bij) specify the effects of the prices of other mines on 

each mine’s market share. For example, b12 would specify the effect of an increase in the iron 

ore price of mine 2 on mine 1’s market share, while b13 describes the effect of an increased 

iron ore price of mine 3 on mine 1’s market share. These cross-effect coefficients are 

expected to be positive (assuming the mines’ output are substitutes) since they are related to 

and have the same signs as the cross-price elasticities. The cross-price elasticity ( ij) can be 

expressed as (Epstein and Rubinfeld, 2001): 

 [4] 1j
i

ij
ij s

s
b

,

Under the assumption that the magnitude of the iron ore industry elasticity ( ) is smaller than 

any mine own-price elasticity, the model implies that the cross-elasticities will be positive. 

The post-merger shares for use in equation [1] are given by sss dprepost . Using the 

post-merger market shares posts  in equations [3] and [4] yields the post-merger elasticities. 

Finally, the solution to equation [1] requires post-merger mine margins. Algebraically, it can 

be seen that for each mine iiii pp /dexp/11 prepost . This relationship is independent 

of the demand model. This structure is sufficient to solve the first order conditions for the 

post-merger entirely in terms of the predicted unilateral effects (dp/p). 

4.1 Nesting of Mines 

To find appropriate values for B the merger simulation uses nesting parameters to adjust 

diversion away from proportionality. Share diverted to a mine in a different nest is adjusted so 

that the odds ratio is equal to the odds ratio under proportionality, multiplied by a nesting 

parameter ( i). For mines in the same nest, the nesting parameter equals unity. The result is 

that mines within a nest are closer substitutes than mines outside the nest. This allows for a 

more flexible pattern of cross-price elasticities, as the model is no longer fully constrained by 

the proportionality assumption.19

                                                
19 A more general analysis of elasticities is possible by grouping mines in nests. Proportionality governs 
diversion within a nest, where mines are relatively close substitutes. Mines are poorer substitutes across nests 
than indicated by proportionality implying variation in the cross-price elasticity. While ik= jk for mines in the 
same nest, the cross-price elasticities are, relatively, lower across nests, i.e., mk= ik for mines m and i in different 
nests.
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The determination of B with nests is generalised as follows. Each element of B can be 

written as bik= ikbkk, where the diagonal elements bkk are unknown and the ’s are known 

functions of the market shares and the nesting parameters. In general, it can be shown that 

(Epstein and Rubinfeld, 2004): 

[5] ki
mks

iks
km m

iik ,
,

, ,

where  is the symmetric nesting matrix.20

The homogeneity and adding-up constraints imply a system of N-1 independent 

equations in the N unknown diagonal elements (bkk). Without loss of generality, order the 

system so that b11 corresponds to the first mine with a known elasticity and normalise with 

respect to that mine. By defining a vector  with N-1 elements equal to 1,11 jbb jjj  the 

equation system becomes non-singular and can be written as: 

[6]

1,1

21
2

,12,1

123

11312 1

1

1

N
N

NNN

N

N

,

which can be inverted to solve for the  vector. Therefore, B can be specified entirely in terms 

of b11 and the ’s. With known 11 and , calibration is completed by using equation [3] to 

solve for the value of b11.

The symmetric solution for B is that jjjjjj bbbb 111111 , implying jjj 11 .

From equation [5] it follows that 

[7]
11 ,1

,

m m

jm mj
j ms

mjs

s
s

,

and from before, 11bb jjj . Equations [5] and [7] imply that 

[8] 11

21 1,
, b

ks
ji

s
ss

b N

k k

ji
ij ,

                                                
20 With strict proportionality, i.e., a single nest containing all mines, the nesting parameters equals 100 percent 
and equation [5] reduces to kiik ss 1 .
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for i j. Symmetry of B follows directly. It can be shown that the bij from equation [8] satisfy 

adding-up and homogeneity. They therefore comprise the unique solution to equation [6]. 

To illustrate the effects of nesting the mines we follow the example given in Epstein and 

Rubinfeld (2001). Consider three iron ore mines operating in a market mine 2’s and mine 3’s 

market shares are 30% and 50%, respectively, implying that 37.5% (30/80) of mine 1’s the 

lost market shares are diverted to mine 2 and that 62.5% (50/80) is diverted to mine 3. This 

effect can also be explained by using an odds ratio. In this example the odds ratio between 

mine 2 and mine 3 is 0.6 (0.375/0.625). In other words, under proportionality, mine 2 is only 

60% as likely to receive lost market shares of mine 1 as mine 3 is. However, if we assume that 

mine 2 is relatively further away from mine 1, i.e., it is less attractive as a substitute in 

response to a price increase of the iron ore from mine 1 than would be expected by 

proportionality. For example, mine 2 may only be half as desirable as a substitute as mine 3, 

and the appropriate odds ratio is really only 0.3. Then the share diversion to mine 2 becomes 

23.1% and the diversion to mine 3 increases to 76.9%, indicating an odds ratio of 0.3 = 

0.231/0.769.

4.2 Model Inputs 

To estimate the expected price increases from the mergers, the three necessary inputs are the 

pre-merger market shares of the mines, the market elasticity of demand facing all producers, 

and the gross profit margin of a single mine. Given these the model calibrates the remaining 

own-price and cross-price elasticities, from which expected price changes can be derived. For 

the first input we use the Raw Materials Data Base to collect shares of the mines located in 

the relevant market (see section 3.2). Since revenue shares are hard to obtain, we used 

physical shares (production) to calibrate the model.  

Second, we obtained the market elasticity for iron ore at 18.0  from previous 

studies of estimating the demand of iron ore. This elasticity value is interpreted as the short-

run elasticity for iron ore demand and it is consistent with the implied range of short-run 

demand elasticity values for iron ore demand reported by Chang (1994) and Hellmer (1997). 

Hellmer (1997) estimated the import of iron ore to Europe from Brazil and found the price 

elasticity of demand to be -0.18, and Chang (1994) found the demand elasticity for Brazilian 

ore to Japan to be -0.15 when using the Brazilian market share as the independent variable. 

The price elasticity of demand for iron ore illustrates a relatively inelastic demand situation. 

This is mainly due to the fact that there are few or none substitutes to iron ore in the steel 
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making process. In addition, the cost of iron ore only represents a part of the total cost of 

producing steel (Hellmer, 1997). 

Finally, the Robe River mine was chosen in the specification of a single mine price 

elasticity of demand.21 The own-price elasticity of demand for Robe River that is used in the 

calibration of the remaining own-price and cross-price elasticities is -2.00. The single mine 

price elasticity of demand is derived from the firm’s mark-up (m) which in 1994-95 is 

calculated as 46%, based on operating costs at the Robe River mine, and prices of Robe River 

iron ore fines (Hellmer, 1997, UNCTAD, 2003). If assuming that the mark-up at the Robe 

River mine has been relatively constant between 1994 and 1999, we can use this 

approximately 50% mark-up to find the mine specific price elasticity of demand, where mRR = 

-1/eRR, which gives eRR = -2.00.

The model implies that given a low market share the mine has a more elastic demand 

and is thus more sensitive to price changes. If a mine increases its price it will, in various 

degrees, lose market share to its competitors. The distribution of the lost market share to 

competitors is assumed to be proportional to the competitors’ market shares weighted by a 

nesting parameters matrix. Introducing nests in the model is an attempt to deviate from the 

strict proportionality assumption and thus assume that some mines are closer substitutes than 

others. The weights are based on an attempt to capture country specific characteristics of the 

iron ore and are presented in Table 4. We have assumed that mines located in countries that 

mainly exports to the same region are closer substitutes than others, i.e, Australia and India 

exports predominantly to Asia, while Canada, Sweden and Mauritiania exports predominantly 

to Europe. Brazil and South Africa exports roughly 50% to each region, and is grouped in nest 

A/E. The percentage of the nesting matrix is arbitrarily chosen.22

Table 4: Nesting Parameter Matrix 
A A/E E 

A 100% 75% 50% 
A/E 75% 100% 75% 
E 50% 75% 100% 
A= Exports mainly to Asia, A/E=Exports about 
50/50, E=Exports mainly to Europe 

                                                
21 According to Epstein and Rubinfeld (2001) the single mine/brand specific elasticity is arbitrarily chosen. 
However, the model assumes that large mines/brands are less price sensitive and vice versa. This seems to be 
plausible for the iron ore industry, i.e., larger mines have lower MC and thus higher mark-ups. The chosen mine 
specific elasticity provides a good representation for a mine of Robe River’s market share. Moreover, the Robe 
River mine was chosen due to data availability of operating costs for this mine. 
22 This specification follows Epstein and Rubinfeld (2004a), where nest A/E is equally far from nest A and nest 
E, and nest E is relatively farther from nest A. 
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5. Results and Discussion 
The level of concentration in a particular market can be indicated by the so-called Herfindahl-

Hirschman Index (HHI), which is defined as the sum of squared market shares of all 

producers on the relevant market. The index is widely used by competition authorities as a 

measure of concentration, and thus possible negative competitive effects caused by mergers. 

According to the Merger Guidelines (1997), markets with a HHI of less than 1000 after the 

merger, are not usually of any competitive concern. A HHI between 1000 and 1800 can raise 

competitive concerns if the increase is above 100 points, thus justifying further investigation. 

Below the merger results, including the changes in HHI, from both the Rio Tinto/North Ltd 

and the CVRD/Caemi mergers are presented respectively.  

5.1 The Rio Tinto/North Ltd Merger Results 

Regarding the Rio Tinto-North Ltd merger the Commission did not find that there were any 

competitive concerns and thus allowed the merger to proceed without any objections. 

However, the Commission did not perform any analyses regarding possible price effects from 

the merger. Our results regarding the merger indicate a post-merger HHI of 1199, and the 

increase in HHI resulting from the merger is about 200 points. According to the Guidelines, 

these results thus motivate further investigation of the possible price effect resulting from the 

merger. Table 5 presents the simulation results, i.e., the estimated price effects of the merger. 

The new, post-merger company operates all the merged firm’s mines and can, on average, 

raise its price by almost 9%. This suggests a rather significant change to the pre-merger 

situation.  

We can also see that the merged firm has a total post-merger market share of almost 

20%. This is higher than the estimations made by the involved competition authorities, who 

estimated the merged firm’s market share to be between 7% and 9%. However, the market is 

defined differently in this study compared to the official merger assessments, i.e., our market 

shares are based on seaborne supplies while the Commissions calculations are based on 

world-wide production levels. Despite the large post-merger market share, the merged firm’s 

market share has decreased compared to the pre-merger situation (including the same mines), 

due to the price increases. The market weighted average price increase is however 

significantly lower, an increase of 2.6% is expected after the merger. When excluding the 

merged firm the price increase for the remaining firms’ is about one percent. It should be 

noted that in the Bertrand model, when a merger combines two competing differentiated 
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products (without implying reduced costs due to synergy effects) the merger will always 

result in price increases. 

Table 5: Simulation Results Rio Tinto/North Ltd Merger
Firm Mine Mkt Share Pre Mkt SharePost Price Change Nest 
New Firm Robe River 6.3% 5.8% 10.5% A 

Carol 2.5% 2.4% 8.8% E 
Hamersley+ 11.4% 10.8% 7.9% A 

CVRD Minas Gerais+ 19.6% 19.9% 1.1% A/E 
BHP Yandi+ 11.0% 11.2% 1.2% A 
Caemi Pico+ 5.8% 5.9% 0.9% A/E 

Mt Wright 3.0% 3.0% 0.9% E 
State of India NMD+ 8.5% 8.7% 1.1% A 
Arbed Mineracao+ 5.4% 5.5% 0.9% A/E 
Iscor Sishen+ 4.9% 5.0% 0.9% A/E 
ThyssenKrupp Fabrica+ 4.2% 4.3% 0.9% A/E 
LKAB Kiruna+ 3.9% 4.0% 0.8% E 
State of Mauritania M’Haoudat+ 2.2% 2.2% 0.8% E 
Others Brazil Fabrica+ 4.6% 4.7% 0.9% A/E 
Others India Sesa Goa+ 3.7% 3.8% 1.0% A 
Others C/SA/A Wabush 1.1% 1.1% 0.8% E 

Beeshoek+ 1.3% 1.3% 0.9% A/E 
Savage River 0.3% 0.6% 1.0% A 

New Firm    8.8% 
Market Weighted Average 2.6% 

The predicted, or estimated, price changes are thus relatively low as measured on the market 

as a whole. A plausible explanation for the relatively low market average price increase is that 

the market is characterised by many firms, making each firm a relatively small actor. The 

difference between the merged firm’s price and the average market price suggests that the 

non-merging parties cannot due to differentiated products increase the prices of their products 

to the same magnitude. A reason for that is that the steel industry might not consider the iron 

ore from the non-merging parties as substitutable in their production. Given that the 

elasticities are important for the model Table 6 presents simulation results when adjusting 

relevant elasticities, and also without nests. The results indicate that the less elastic the mine-

specific elasticity becomes, the higher is the expected price change. With an estimated 

industry elasticity of -0.18, the parties increase their prices more when, for example, the mine 

specific price elasticity of demand is -1.8 than when it is -2.2. We can also see that excluding 

nests will lead to lower price changes both for the merged firm and for the market. 
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Table 6: Sensitivity Analysis Rio Tinto/North Ltd Merger 
 Robe River 

elasticity
Industry 
elasticity

Price change 
merged firm 

Price change 
market 

Base scenario -2.00 -0.18 8.8 % 2.6 % 
Less elastic firm  -1.80 -0.18 11.3 % 3.3 % 
More elastic firm  -2.20 -0.18 7.2 % 2.2 % 
No Nests -2.20 -0.18 6.6 % 2.0 % 
Less elastic industry  -2.00 -0.08 9.3 % 2.7 % 
More elastic industry  -2.00 -0.28 8.4 % 2.4 % 

Overall we can see that the changing elasticities/nests will cause the change in the market 

price to vary between 2% and 3.3%, and the merged firm’s price change to vary between 

6.6% and 11.3%. Thus, the results are affected by relatively small changes in industry and 

mine-specific elasticities. Having accurate and reliable estimates of the elasticities is an 

important prerequisite for obtaining any meaningful results. For instance, different estimates 

of elasticities depending on the time horizon of the study, i.e., short or long term elasticities. 

The overall conclusion from the simulation of the price effects from the merger between Rio 

Tinto and North Ltd is that the merger does not increase the market prices significantly (i.e., 

above five percent). In addition, one should remember that this estimate does not include any 

possible efficiency effects. If we expected that there would be significant efficiency 

improvements, the price effect resulting from the merger would be even smaller.  

5.2 The CVRD/Caemi Merger Results 

Regarding the CVRD/Caemi merger the Commission concluded that the merger raised 

competitive concerns regarding pellets and DR pellets and lump. Our analysis will treat iron 

ore as one product, the differentiation in the simulation model is based on iron ore from a 

certain mine. Given that the Commission found some competitive concerns they only allowed 

the merger after the removal of Caemi’s Canadian mine (where there was an overlap 

regarding pellets). Our analysis here is first with the inclusion of Caemi’s Canadian 

ownership in order to compare our results to the conclusion made by the Commission, and 

then without the inclusion of the Canadian mine in order to see if there are any significant 

changes in the expected prices. 

There is a significant difference in the level of concentration, as measured by the HHI, 

regarding the market shares calculated for the CVRD/Caemi merger compared to those in the 

Rio Tinto-North Ltd merger. The market shares are now based on production in 2000, i.e., 

after the merger between Rio Tinto and North Ltd. Another change to the previous year is that 

Arbed has been acquired by CVRD. When studying Table A1 and A2 in Appendix I it is 
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interesting to note that the market shares of the three largest firms have increased from 42% in 

1999 to 58% in 2000. The pre-merger HHI is now 1406, i.e., already 200 points higher than 

the estimated post-merger HHI resulting from the Rio Tinto-North Ltd merger. Furthermore, 

the change in HHI from the merger is 372 points, implying that the post-merger HHI is 1778 

points. Table 7 presents the simulation results of the expected price increases after the merger.  

Table 7: Simulation Results CVRD/Caemi Merger
Firm Mine Mkt Share Pre Mkt SharePost Price Change Nest 
New Firm Minas Gerais + 23.0% 22.0% 7.8% A/E 

Pico + 5.3% 4.3% 17.8% A/E 
Mt Wright 2.8% 2.4% 20.5% E 

Rio Tinto Hamersley + 18.5% 19.0% 2.1% A 
Carol 2.9% 3.0% 2.4% E 

BHP Yandi + 11.0% 11.4% 1.9% A 
Germano 2.8% 2.9% 2.1% A/E 

State of India NMD + 8.0% 8.3% 1.7% A 
ThyssenKrupp Fabrica+ 3.6% 3.8% 1.9% A/E 
LKAB Kiruna+ 4.0% 4.1% 1.9% E 
Iscor Sishen + 4.8% 5.0% 1.9% A/E 
State of Mauritania M’Haoudat+ 2.2% 2.3% 1.8% E 
Others Brazil Fabrica+ 4.3% 4.5% 1.9% A/E 
Others India Sesa Goa+ 3.6% 3.7% 1.6% A 
Others C/SA/A Wabush 1.1% 1.2% 1.8% E 

Beeshoek+ 1.3% 1.3% 1.8% A/E 
Savage River 0.8% 0.8% 1.6% A 

New Firm    10.6% 
Market Weighted Average 4.6% 

The merged firm can, on average, raise its price by 10.6%. This is a large price increase 

resulting from a merger, however compared to the price increase in the previous merger 

(when the market was less concentrated), the increase is only about two percentage points 

higher. The price increase is, as noted above, dependent upon the elasticities where the large 

price increases indicates that the substitution possibilities between the ore from different 

mines are relatively low. Another explaining factor is the industry elasticity, which also 

indicates that iron ore demand is relatively insensitive to price changes. The total post-merger 

market share for the merged firm is about 29%, which is in line with the estimations made by 

the Commission. The market weighted average price increase is once again significantly 

lower given an expected increase of 4.6% after the merger. However, an overall expected 

increase in a market price with almost five percent is considered as possibly harmful to the 
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consumers. Table 8 presents a sensitivity analysis for the results given that the results are 

driven by the elasticities of demand. 

Table 8: Sensitivity Analysis CVRD/Caemi Merger 
 Robe River 

elasticity
Industry 
elasticity

Price change 
merged firm 

Price change 
market 

Base scenario -2.00 -0.18 10.6 % 4.6 % 
Less elastic firm  -1.80 -0.18 13.3 % 5.7 % 
More elastic firm  -2.20 -0.18 8.8 % 3.9 % 
No Nests -2.00 -0.18 9.8 % 4.3 % 
Less elastic industry  -2.00 -0.08 11.0 % 4.8 % 
More elastic industry  -2.00 -0.28 10.2 % 4.4 % 
Excluding Mt Wright -2.00 -0.18 7.5% 3.1% 

Once again the results indicate that the less elastic the mine-specific elasticity becomes, the 

higher is the expected price change. The price changes for the merged firm ranges between 

8.8% and 13.3%. Regarding the price changes on the market they range between 3.9% and 

5.7%. Thus, these results are even more sensitive to changes in the industry and mine-specific 

elasticities compared to the results for the Rio Tinto-North Ltd merger. The overall 

conclusion from the simulation of the price effects from the merger between CVRD and 

Caemi is that the merger does increase the market prices significantly (i.e., about five 

percent). The Commission’s decision to deny the initial merger proposal thus seems to be 

supported with the results presented here.

The Commission though decided to allow the merger after the removal of Caemi’s 

Canadian mine. Simulations when excluding the Mt Wright mine from Caemi’s ownership 

has also been performed. These results show that the expected price increase for the merged 

firm is 7.5% and that the market weighted average price increase is only 3.1%. Thus, the 

result regarding the price increases changes significantly when removing the mine that caused 

the overlap in pellets. This is interesting specifically regarding the fact that this analysis is not 

based on differences in fines, lump and pellets; the cross-price elasticities between the 

different mines, however, are indicating the relatively closeness of the mines. Thus, the 

market average price increases after the removal decreases to a level that is in line with what 

often is allowed in merger assessments.23

                                                
23 For example, a “SSNIP” (Small but Significant Non-transitory Increase in Price) test is commonly based on 
price increases between five and ten percent (Merger Guidelines, 1997). 
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6. Conclusions 
The purpose of this paper has been to estimate and analyse the price effects from the mergers 

between Rio Tinto and North Ltd in 2000, and CVRD and Caemi in 2001. The results from 

the merger simulations regarding the Rio Tinto-North Ltd merger indicate an average market 

price increase of about 2.5%. The relatively moderate increase in post-merger market price 

indicates that the actual relevant market is likely to be broad, and that the merger is most 

likely not of any anticompetitive concern. Thus, the estimated price increase is not sufficient 

for opposing the proposed merger, especially when considering that no efficiency 

improvements have been included in the simulations. This result is also in line with the 

Commissions decision to allow the merger between Rio Tinto and North Ltd without any 

objections.

Regarding the results from the merger simulations of the CVRD and Caemi merger the 

pre-merger situation was already rather different from the previous year. The HHI showed a 

market that was significantly more concentrated than in the previous year. Moreover, the 

estimated market average price increase from the merger was larger, as illustrated by an 

increase of about 4.5%. The price effect from the merger simulation thus supported the 

Commissions decision to remove Caemi’s Canadian mine in order for the merger to go 

thorough. When performing merger simulations without the Canadian mine, the expected 

market price increase decreases to about three percent. Thus, the results from the merger 

simulation analyses indicate that the Commission’s rulings regarding both the Rio 

Tinto/North Ltd and the CVRD/Caemi mergers have been correct. Another conclusion of the 

study would be that merger simulations can provide valuable information in traditional 

merger assessment studies.

An overall conclusion from this study is that the price increases in the iron ore market, 

due to the mergers, do not seem to have been of any competitive concern. However, merger 

simulations of the price effects are an important complement to traditional merger assessment 

that is based primarily on market shares. It is though worth noting that merger simulations of 

price effects are not a comprehensive method for merger assessments, these analyses still 

need to be complemented by analyses of dominant strategies, entry and exits, and other 

possible anti-competitive strategies.  
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Appendix I: Iron Ore Market Shares of Mines and Producers 

Table A1: 1999
Controlled by Mine Production Mt Market Share Country Export to
CVRD Minas Gerais 45.8 9.48% B A/E 
 Carajas 43.9 9.08% B A/E 
 Capanema 5.16 1.07% B A/E 

94.86 19.62%
BHP Yandi 20.5 4.24% A Asia 
 Mt Newman 19 3.93% A Asia 
 Goldsworthy 6.5 1.34% A Asia 
 Jimblebar 4.9 1.01% A Asia 
 Whyalla 2.41 0.50% A Asia 

53.31 11.03%
Rio Tinto Hamersley 45 9.31% A Asia 
 Channar 10.11 2.09% A Asia 

55.11 11.40%
North Robe River 30.42 6.29% A Asia 
 Carol 12.25 2.53% C Europe 

42.67 8.83%
Iscor Sishen 20.74 4.29% SA A/E 
 Thabazimbi 2.79 0.58% SA A/E 

23.53 4.87%
ThyssenKrupp Fabrica 16.1 3.33% B A/E 
 Feijao 4.2 0.87% B A/E 

20.3 4.20%
Caemi M&M Pico 11 2.28% B A/E 
 Mutuca 7.5 1.55% B A/E 
 Aguas Claras 5 1.03% B A/E 
 Tamandua 2.5 0.52% B A/E 
 Capitao 2 0.41% B A/E 
 Mt Wright 14.38 2.97% C Europe 

42.38 8.77%
State of India NMD 13.64 2.82% I Asia 
 Kudremukh 5.9 1.22% I Asia 
 Dalli 4.5 0.93% I Asia 
 Meghahatuburu 3.86 0.80% I Asia 
 Rajhara 3.78 0.78% I Asia 
 Kiriburu 3.21 0.66% I Asia 
 Gua 2.95 0.61% I Asia 
 Bolani 2.15 0.44% I Asia 
 Barsua 1.15 0.24% I Asia 

41.14 8.51%
Arbed Mineracao 14.5 3.00% B A/E 
 Germano 11.5 2.38% B A/E 

26 5.38%
LKAB Kiruna 11.8 2.44% S Europe 
 Malmberget 7.1 1.47% S Europe 

18.9 3.91%
State of Mauritania M'Haoudat 4.25 0.88% M Europe 
 Rhein 3.6 0.74% M Europe 
 Idjill 2.67 0.55% M Europe 
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10.52 2.18%
Others Brazil Itaminas 5.31 1.10% B A/E 
 Sociomex 4.73 0.98% B A/E 
 CSN 10.26 2.12% B A/E 
 Mannesmann 1.84 0.38% B A/E 

22.14 4.58%
Others India Sesa Goa 4.72 0.98% I Asia 
 Noamundi 4.07 0.84% I Asia 
 Dempo 3.02 0.62% I Asia 
 Joda East 1.91 0.40% I Asia 
 Chowgule 1.66 0.34% I Asia 
 Velguem/Surla 1.37 0.28% I Asia 
 Mineira 1.36 0.28% I Asia 

18.11 3.75%
Others A/SA/C Wabush C 5.2 1.08% C Europe 
 Beeshoek SA 4.16 0.86% SA A/E 
 Mapochs SA 2.05 0.42% SA A/E 
 Savage River A 1.99 0.41% A Asia 
 Koolyanobbing A 1 0.21% A Asia 

14.4 2.98%
Total Market 483.37    
Source: Raw Materials Group (2002). 

Table A2: 2000 
Controlled by Mine Production Mt Market Share Country Export to
CVRD Minas Gerais 51.3 9.91% B A/E 
 Carajas 47.6 9.20% B A/E 
 Mineracao 14.9 2.88% B A/E 
 Capanema 5.28 1.02% B A/E 

119.08 23.01%
BHP Yandi 23.01 4.45% A Asia 
 Mt Newman 21 4.06% A Asia 
 Germano 14.28 2.76%   
 Goldsworthy 5.64 1.09% A Asia 
 Jimblebar 4.61 0.89% A Asia 
 Whyalla 2.82 0.54% A Asia 

71.36 13.79%
Rio Tinto Hamersley 55.1 10.65% A Asia 
 Channar 10.6 2.05% A Asia 

Robe River 30 5.80% A Asia 
 Carol 15.1 2.92% C Europe 

110.8 21.41%
Iscor Sishen 22 4.25% SA A/E 
 Thabazimbi 3 0.58% SA A/E 

25 4.83%
ThyssenKrupp Fabrica 13 2.51% B A/E 
 Feijao 5.7 1.10% B A/E 

18.7 3.61%
Caemi M&M Pico 12 2.32% B A/E 
 Mutuca 7.8 1.51% B A/E 
 Aguas Claras 3.7 0.71% B A/E 
 Tamandua 2.3 0.44% B A/E 
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 Capitao 1.5 0.29% B A/E 
 Mt Wright 14.52 2.81% C Europe 

41.82 8.08%
State of India NMD 14.29 2.76% I Asia 
 Kudremukh 5.7 1.10% I Asia 
 Dalli 4.48 0.87% I Asia 
 Meghahatuburu 2.67 0.52% I Asia 
 Rajhara 3.69 0.71% I Asia 
 Kiriburu 2.96 0.57% I Asia 
 Gua 2.79 0.54% I Asia 
 Bolani 2.77 0.54% I Asia 
 Kalta 1.21 0.23% I Asia 
 Barsua 1.1 0.21% I Asia 

41.66 8.05%
LKAB Kiruna 13.7 2.65% S Europe 
 Malmberget 6.8 1.31% S Europe 

20.5 3.96%   
State of Mauritania M'Haoudat 4.92 0.95% M Europe 
 Rhein 3.52 0.68% M Europe 
 Idjill 3.03 0.59% M Europe 

11.47 2.22%
Others Brazil Itaminas 6.79 9.56% B A/E 
 Mineracao 2.6 0.50% B A/E 
 CSN 10.14 1.96% B A/E 
 Mannesmann 2.62 0.51% B A/E 

22.15 4.28%
Others India Sesa Goa 4.9 0.95% I Asia 
 Noamundi 4.47 0.86% I Asia 
 Dempo 1.73 0.33% I Asia 
 Joda East 1.68 0.32% I Asia 
 Chowgule 1.73 0.33% I Asia 
 Velguem/Surla 1.49 0.29% I Asia 
 Mineira 1.32 0.26% I Asia 
 Jilling 1.04 0.20% I Asia 

18.36 3.55%
Others A/SA/C Wabush C 5.9 1.14% C Europe 
 Beeshoek SA 4 0.77% SA A/E 
 Mapochs SA 2.62 0.51% SA A/E 
 Savage River A 2.19 0.42% A Asia 
 Koolyanobbing A 1.89 0.37% A Asia 

16.6 3.21%
Total Market 517.5    
Source: Raw Materials Group (2002). 
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Appendix II: A simplified description of the AIDS model24

The PCAIDS model applied in this paper is a modification of the more generalised Almost 

Ideal Demand System (AIDS) model, used to approximate a demand system with no assumed 

functional form. The AIDS model was developed by Deaton and Muellbauer (1980) and for 

the first time utilized in a merger simulation setting by Hausman et al. (1994). The AIDS 

model is applied to a differentiated product market where the competitive situation can be 

described by Bertrand conduct. Moreover, an AIDS is a system of equations that links the 

firms’ revenue shares (in our case market shares is used as an approximation of revenue 

shares) to the logarithmic prices of all the firms in the market. The typical AIDS model 

consists of two (or more) levels of equations, where the lower level represents the firm level 

and the upper level represents the market level.  

At the firm level, a number of firm-specific equations are found, each one describing a 

single firm’s share of all firms’ revenues, as a linear function of the individual log-prices of 

all firms. Each firm’s revenue share is expected to be negatively correlated with the level of 

its own price and positively correlated with the levels of other firms’ prices. This implies that 

if the firm increases its price, the firm’s revenue (market share) will decrease, and if the other 

firms in the market increase their prices, my revenue (market share) will increase. To 

illustrate this, with only two firms, firm 1’s equation would appear as:  

[A1] )()( 21211111 pLogbpLogbas

where s1 is the revenue share of firm 1, and pi is firm i’s price (i=1,2). Similarly for firm 2; 

[A2]  )()( 22212122 pLogbpLogbas .

At the market level, the logarithm of all firms’ market shares is described as a 

weighted average of all the firm-specific log-prices. The sum of all firms’ market shares is 

denoted total revenues, R. The market level term is thus a constant elasticity equation between 

total market quantity and a price index (P) derived form a weighted average of all firms’ log 

prices, wi. To illustrate;  

[A3] Log(R/P)= Log(P),

                                                
24 This simplified example of an AIDS model is derived from Dalkir and Kalkan (2003). 
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where R=p1q1+p2q2 and Log(P)=w1Log(p1)+w2Log(p2). The coefficient  is the constant 

elasticity of total market quantity with respect to the price index P.

The firm and the market levels are linked through both total firm revenues and the log 

price index. In particular, at the firm level, each firm’s revenue share is illustrated by the ratio 

of that firm’s revenues to all firms’ revenues:  

[A4] Rqps /111 ,

and similarly: 

[A5] Rqps /222 .

Also, the market level log price index is a weighted average of the log prices at the firm level, 

see definition of Log(P). In general, calibrating an AIDS model to a market with many firms 

producing N products requires data on (1) the revenue shares (market shares) of all products, 

(2) the market elasticity coefficient ( ), and (3) N2 coefficients that link product specific log 

prices to revenue shares, (the bij coefficients in the firm level equations). For instance, on a 

market with 5 products, an AIDS model requires estimation of 26 coefficients.  

The PCAIDS simplifies the estimation of the general AIDS model by assuming that the 

bij coefficients are proportional to the firms’ pre-merger market shares.25 Given this 

assumption all bij coefficients can be calculated if only one bij coefficient is known. For 

example, b11, can be calculated as ))1(1( 1111 ses where e11 is the demand elasticity of 

product 1’s quantity with respect to its own price, and s1 is firm 1’s market share. The N2-1 bij

coefficients that are not known can be retrieved by multiplying the known bij coefficient by a 

proportionality factor obtained from the firms’ shares. To summarize, the PCAIDS model can 

be calibrated to represent a market with an arbitrary number of brands if only two parameters, 

the market elasticity , and one of the product level elasticities in the system are known. The 

following properties are important to bear in mind when calibrating a PCAIDS model 

proportional to market shares: 

1. Positivity: the inferred product elasticities, with respect to each product’s own price, 

will be greater than unity. This implies a positive gross margin for each product. 

                                                
25 This is the same as the independence of irrelevant alternatives (IIA) assumption that is applied in the Logit 
demand models, see Werden et al. (1996). 
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2. Homogeneity: coefficients in each product’s equation add up to zero, implying that the 

product market shares will not change if all prices change by the same proportion. 

3. Symmetry: jiij bb for any two brands i and j.
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Abstract

The purpose of this paper is to analyse the competitive and efficiency impacts of a large 

merger in the world iron ore industry, using an event study approach. This method builds on 

an analysis of stock market reactions of the merging firms as well as close rivals at the time of 

the merger announcement. The event study method allows for the possibility to assess both 

the motivations behind as well as the welfare effects of the merger. The event study results for 

the merger announcement of Rio Tinto and North Ltd show that, according to the market 

reactions, the main motive behind the merger was either the market power or the efficiency 

hypothesis. When adjusting the analysis to include several information releases about the 

merger, the overall result indicate that efficiency improvements was the predominant motive 

behind the merger. Thus, the event study results suggest that there are positive welfare effects 

to expect and the European Commission’s decision to allow the merger is supported. 
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1. Introduction 
The mining industry has experienced a strong consolidation trend during the last decade

through a number of mergers and acquisitions. Figure 1 presents the total annual amount

spent on mergers and acquisitions in the mining industry over the time period 1995-2006. 

Figure 1 also shows the percentage share of mining M&A’s compared to total amount spent

on M&A’s world wide for each year. During 2006, 140 billion US dollars were spent on 

mergers, which is about 5-6 times more than the average amount spent on mergers during the 

entire time period. Before 2006, the largest merger activity (measured in financial terms) took 

place in 2001 when almost 40 billion US dollars were spent on merger and acquisitions

(Ericsson, 2007).

Figure 1: Mining Mergers and Acquisitions, 1995-2006
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Source: Ericsson (2007), Raw Materials Group, Stockholm, 2007.

The iron ore industry provides a good example of a mining industry with intense merger

activities. Examples of large mergers in the iron ore industry are Rio Tinto-North Ltd (2000), 

CVRD-Ferteco (2001), CVRD-Caemi (2001), and Anglo American and Kumba Resources 

(2002). All these large scale mergers have increased the concentration in the iron ore industry, 

but none of them has been rejected by the relevant competition authorities.1 However, without 

a thorough analysis of the consequences of the relevant mergers it is difficult to assess the 

1 The merger between CVRD-Caemi in 2001 was not cleared until the parties agreed to dispose Caemi’s 50%
interest in QCM Canada, which removed the possibility of the new entity to become dominant in the market for
iron ore lump (European Commission, 2001).

1



competitive effects, as well as to identify the motivation behind the mergers. Have these

mergers led to increased efficiency, i.e., are the combined entity able to exploit synergies and

lower their operating costs? Or will the new firm be able to increase consumer prices?

Moreover, it is not always certain that the merger has had a positive impact on the combined

entity; there exists evidence showing that not all mergers are profitable.2 In such cases, what 

can be the explanation behind the mergers? These are some of the issues that this paper

addresses.

Two types of methods are commonly used to investigate the causes and the 

consequences of mergers and acquisitions, (a) profit flow studies which are ex-post analyses

based on accounting data of the performance of the merged firm, compared to what we 

believe would have been the performance if the firms had continued as separate entities, and 

(b) event studies based on market reactions at the time of the merger announcement (Roller et 

al., 2000). The first method has the advantage of estimating actual performance but suffers 

from the fact that firm performance after the merger may be the result of other, non-merger

factors (e.g., changes in broader market conditions). The event study method estimates the 

market’s expected consequence of the merger and the market’s inferred motive behind the 

merger, and has the advantage of providing an independent view of the expected outcome of 

the merger.

This paper uses the event study method, and builds on an analysis of the market

reactions of the merging firms as well as their closest rivals. The maintained hypothesis is that

these reactions indicate whether the merger has had a positive or negative impact on the value 

of the firms, and also the possible welfare impacts on consumers. The event study relies upon 

the semi-strong Efficient Market Hypothesis (EMH), which assumes that all publicly 

available information is incorporated in the stock prices.3 The EMH allows analysts to

evaluate new public information, such as a merger, by analysing the reaction to the firm’s

stock prices.4 The difference between the actual stock price and the estimated normal return

for the firm (i.e., if the event had not occurred) is used in order to quantify the effects of the 

announcement. The event study method has been commonly used when analysing the effect 

2 For an extensive review of the effects of mergers on profitability, both positive and negative, see Roller et al. 
(2000).
3 The strong form of the EMH assumes that even so-called inside information is incorporated in the stock price.
However, the empirical evidence suggests that the semi-strong form of the EMH is dominating in most stock
markets (Cox and Portes, 1998).
4 In order to apply the event study methodology the firms under investigation must be publicly traded on a stock
market.
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from an event, such as a merger, aggregated for many firms in a single or several industries.5

However, several studies have also performed event studies when analysing specific case 

studies.6 When focusing on single cases it is possible to go into more detail and analyse 

information releases relevant to the case. This provides a more in-depth analysis and a broader 

understanding for the underlying motivations for the merger in question. Obviously, no 

general conclusions can be made when studying single cases.

The purpose of this paper is to evaluate the competitive and efficiency impact of the 

merger between Rio Tinto and North Ltd in 2000, using an event study approach. The chosen 

case is one of the largest deals in the iron ore industry during the last decade. This merger is 

also interesting because it united two of the top four players at the time. The paper proceeds

with a background to the iron ore industry and to the specific merger case. Section 3 discusses 

the theoretical predictions that can be made following the announcement of a merger. These 

predictions will then be useful in order to evaluate the effect of the merger on shareholders

and consumers, and also to try to pinpoint the main motivation behind the merger. Section 4 

presents the event study methodology. Section 5 presents the results from the event study 

performed on the Rio Tinto and North Ltd merger. In the last section some concluding 

remarks will be made.

2. The Merger Case and Its Relevant Background
After aluminum, iron ore is the metal that occurs most often and it covers about 4.6% of the 

earth’s outer layer (European Commission, 2001). Financially, in 2000 iron ore accounted for 

almost 20% of the total value of the production of non-fuel minerals in the mining industry, 

which makes it one of the most important commodities in the mining industry. Demand for 

iron ore comes almost exclusively from the steel industry, and the prices are negotiated yearly 

between major iron ore producers and steel producers in the dominating regions, Western 

Europe and East Asia.7 The largest producers in the iron ore market are the multinational

corporations: CVRD, Rio Tinto, and BHP (European Commission, 2001). Regarding the 

5 Examples of multi-case studies applying the event study methodology are Bradley et al. (1988), Healy et al. 
(1992), Weston et al. (2001), and Duso et al. (2006a).
6 The first study using the event technique on a merger case is Ruback (1982). After this paper the method
applied on case studies have been relatively frequent. Examples include Ruback (1983), Cox and Portes (1998),
Weston et al. (1999), Weston (2002), and King et al. (2002).
7 According to the Commission, the geographic market for iron ore should be considered as world-wide (see also
discussion below). However, an alternative definition of the relevant geographic market could be more regional,
e.g., separate markets for Europe and Asia. The degree of competition may be different in each market, and also 
most likely higher than when the market is broadly defined.
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corporate control in the iron ore industry, Table 1 illustrates the 10 leading iron ore companies

in 1990 and 2000 respectively. North Ltd is not included in the table since it in 1990 was 

considered to be a diversified metal producer (Ericsson, 2002). Moreover, 2000 presents post-

merger production, which implies that North Ltd’s iron ore production is part of Rio Tinto’s 

production.

Table 1: Corporate Control in Iron Ore Mining 1990 and 2000* 
1990 Company Country Prod

(Mt)
Share
% ww 

2000 Company Country Prod
(Mt)

Share
% ww 

1 CVRD Brazil 85.44 15.4 1 CVRD Brazil 120.94 17.8

2 BHP Australia 46.20 8.3 2 Rio Tinto UK 89.47 13.2

3 Rio Tinto UK 42.79 7.7 3 BHP Australia 66.91 9.9

4 State India India 32.07 5.8 4 Mitsui & Co Japan 47.26 7.0

5 Caemi Brazil 23.03 4.1 5 State India India 42.76 6.3

6 State SA SA 22.23 4.0 6 Iscor Ltd SA 24 3.5

7 State Venez. Venezuela 20.12 3.6 7 State Sweden Sweden 20.5 3.0

8 State Sweden Sweden 19.74 3.6 8 ThyssenKrup Germany 20.0 2.9

9 State Luxemb. Luxemb. 18.09 3.3 9 State Venez. Venezuela 17.0 2.5

10 IOC of Canada Canada 14.25 2.6 10 USX Corp USA 16.30 2.4

Total 10 largest 323.96 58.3 Total 10 largest 465.14 68.5

Total western world 555.62 100 Total western world 679.16 100

Total world 977.0 Total world 1060.0

Source: Ericsson (2002).

It is noticeable that the active companies have varied over the decade but the top three 

companies, CVRD, BHP, and Rio Tinto, have manifested their position as large iron ore 

players. Rio Tinto moved from third to second position in the 1990s, almost doubling their 

share of production in the western world. This was largely due to the merger with North Ltd

in 2000. It is also apparent from Table 1 that the concentration in the iron ore market has

increased during the 1990s. Considering the large mergers and acquisitions activity after the 

year 2000, it is also expected that this concentration has, and will continue to, increase further. 

The consolidation trend has created a situation where three large corporations have a large 

control over the iron ore industry. It is therefore of interest to analyse whether the higher 

concentration level has had a potentially negative effect on iron ore consumers, i.e., the steel 

producers.
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In order to estimate the competitive and efficiency impacts of mergers in the iron ore

industry an event study will be applied on a specific merger case. The chosen case is the 

merger between Rio Tinto and North Ltd in 2000. Besides it being the largest deal during this 

period, it is also interesting because the two companies are active in the same country. Other 

interesting merger cases would have been the merger between CVRD and Caemi in 2001 or 

the merger between CVRD and Ferteco in the same year. However, it has proved difficult to 

find stock price data on the target firms Caemi and Ferteco. An additional reason for the 

chosen case is that the merger had to be cleared by relevant Competition Commissions’ in 

order for approval. 

On June 30, 2000, Rio Tinto informed the European Competition Commission of its 

plan to pursue a public bid for all outstanding shares of North Ltd, giving Rio Tinto the sole 

control of North Ltd. Rio Tinto had to get clearance for the merger from the Australian 

Competition and Consumer Commission (ACCC), the Canadian Competition Bureau8, and 

the European Competition Commission (European Commission, 2000). The Canadian

Competition Bureau revealed that they would not intervene in the proposed acquisition on

July 19 (Rio Tinto, 2000). On August 4 the ACCC’s decision to approve the merger was 

announced. The main reason for ACCC’s conclusion was that they estimated that the merged

firm’s world wide iron ore production would only be about 7%. The share of Australian iron 

ore production was expected to be significantly larger, but since almost all production is 

exported this was not seen as a problem. The ACCC thus decided that the acquisition of North 

Ltd by Rio Tinto would be unlikely to result in a substantial decrease of competition in any

Australian market (ACCC, 2000). 

The European Competition Commission (henceforth the Commission) came to its 

conclusion regarding the approval on August 2. Regarding the definition of relevant product 

markets Rio Tinto suggested that there exists a single relevant product market, i.e., there is no 

distinction between the three different types of ores, fines, pellets and lump. However, the 

Commission was informed by a number of interested parties that fines, pellets and lump iron 

ore should be considered separate product markets. According to these parties the substitution

possibilities between the three different ores are limited, since the switching between e.g., 

pellets and fines can significantly affect the efficiency of the steel mills. There is also limited

substitution possibilities from a supply perspective given that not all mines can produce 

8 The Canadian Competition Bureau was involved due to North Ltd’s ownership of a large mine in the Lake
Superior area in Canada.
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lumps, and also since the production of pellets requires a pelletising plant, which involves a 

large capital investment (European Commission, 2000). 

There was also the concern that the relevant market should only include seaborne 

quantities, since it is only seaborne iron ore that normally is available for European importers.

However, the Commission does not find it necessary either to establish separate product 

markets for pellets, fines and lump, or to only consider seaborne trade. The notified merger

proposal “will not lead to the creation or strengthening of a dominant position” (Ibid; p. 3).

Regarding the definition of the relevant geographic market the iron ore market has historically 

been separated in two regional markets, the European and the Asian markets. This separation

is evident not least in the price negotiations, where prices still are negotiated in both regions.

However, the Commission acknowledges that metals and minerals are commonly traded on a 

global basis, and thus the relevant geographic market should be considered world-wide. This 

is supported by the fact that European consumption of iron ore constitutes of 90% imports. In

addition, the prices in the two main importing areas, Europe and Japan, are highly correlated, 

and the major producers in Australia and Latin America export their iron ore to steel mills

both in Europe and Asia (Ibid.). 

The Commission finds that the world-wide iron ore market share of the merged firm 

would be about 9% (calculated from the estimated world-wide supplies) and would thus not 

be of any competitive concern. The Commission also analyses concentration levels for the

separate markets for pellets, fines and lump, only considering seaborne supplies. Regarding

pellets there is no horizontal overlap in Rio Tinto and North Ltd’s production and a merger

would thus not lead to a dominant position in that market. For fines and lump the Commission

finds that the market shares of the merged firm, based on seaborne supplies, would be 25-30% 

for both products. Considering that other firms in the industry have similar shares, the 

Commission concludes that there would still be a significant degree of competition in these

markets.9 The Commission notes that there presently is excess capacity for iron ore

production, and thus the merged firm could not be able to raise prices profitably for its fines

or lump supplies. The increased concentration in the markets would thus not lead to a 

dominant position for the merged firm (Ibid.). 

In sum, even if all of the involved competition agencies finds that there are no 

competitive concerns due to the merger, it is still of interest to analyse the market reaction to

the merger announcement. In particular, an event study can provide useful information in 

9 CVRD has market shares of approximately 20-30% for seaborne fines, and 15-20% for seaborne lump. BHP
has market shares in the range of 15-20% for seaborne fines, and 15-25% for seaborne lump.
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assessing the competitive effects of the merger given that they predict future profitability, and 

thus are forward looking. This is important in merger assessment since this task aims at 

predicting future behaviour of involved firms.

3. Theoretical Predictions of a Merger Announcement 
By analysing the reactions on the stock market to a merger announcement, ex ante the merger

is realised, a competition authority is provided with a good indication on how the market

perceives the merger under investigation. The event study approach can therefore be seen as a 

post announcement – pre merger study, which is useful when assessing whether or not to 

accept a certain merger (Boonpramote, 2004). In order to use this methodology it is necessary

to define the theoretical predictions of the possible outcomes of the stock market reactions to 

the merger announcement. This paper classifies the merger outcomes into two broader 

categories; neoclassical theories and managerial theories. The classification in this paper

follows Archbold (2000) and Boonpramote (2004). By classifying the merger outcomes into 

different groups it is possible to empirically test the merger outcome.10

3.1 Neoclassical Theories 

The main assumption in the neoclassical approach is that all firms aim to maximize their 

profits. In other words, these theories assume that the merger will lead to increased profit for 

the combined unit otherwise the mergers would not have been justified in the first place. The

predicted effect on the stock prices is an increase given that the new positive information,

expected higher future earnings, will be reflected in the price. Profitability due to a merger

could be the result of either increasing efficiency or of market power.

The increased efficiency theory expects that the new combined firm will be more 

efficient than the previously separated units. These efficiencies arise from synergies, where 

the merged firm is expected to have lower production costs than the separate firms. By 

combining the assets, either combined production or combined administration/ management,

the new entity is expected to increase efficiency. Given that you cannot physically merge two

iron ore deposits the synergy effects in the iron ore industry will mainly arise from 

administration, management, or shared transportation facilities. The expected effect on the 

10 Using event studies in order to evaluate welfare effects resulting from mergers were first introduced by Eckbo
(1983) and Stillman (1983). The ability of event studies to detect anticompetitive mergers has also been
criticized by McAffe and Williams (1988). Duso et al. (2006b) did however find empirical evidence that event
studies are useful in merger analysis.
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merged firms’ stock prices is that they will increase due to expected higher profitability. In 

addition, there is an expected positive effect for consumers given that the increased efficiency,

and hence expected lower marginal costs, should lead to lower prices. However, the expected 

effects on the stock prices of rival firms are most likely the opposite, i.e., since there is a new 

and more efficient competitor on the market the rivals’ stock prices are expected to decrease.

However, the impact on rivalling firms is not clear-cut. The merger announcement can 

indicate the possibility of efficiencies to non-merging firms as well, i.e., a positive 

information signalling effect (Eckbo, 1989). Regarding the iron ore industry it is though likely 

that the information signalling effect is low, given that merger and acquisitions for a long time

have been a common way to expand firms’ assets. The overall welfare effect from a merger

that creates efficiencies is thus here most likely to be positive. 

Moreover, profitability could be the result of increased market power. Increased 

market power implies that the new firm will have a higher possibility to control, and therefore

raise, the prices of the product produced on the market. This hypothesis thus expects that it is 

the effect from increased consolidation on the market that is dominant in response to the 

merger. The price increase is expected to produce higher profitability for the acquiring firm,

and therefore the stock price is also expected to rise. The stock prices of the rival firms are 

also expected to increase given the higher prices in the market, and thus increased profitability

for them as well. However, the expected increase of the market price will have a negative 

effect on consumers, and the market hypothesis is therefore typically the main worry for

competition authorities investigating the announced merger.11

3.2 Managerial Theories 

Unfortunately, empirical evidence shows that it is not always the case that the merger results 

in an increased profitability for the merging firms (Roller et al., 2000). These unsuccessful 

mergers are difficult to explain when using traditional neoclassical theories. However, there

are more modern microeconomic theories, such as transaction costs economics and principal-

agent theories, which can be used to explain this result. These non-wealth maximizing

theories have here collectively been named managerial theories. Under this category another

non-wealth maximizing theory will also be presented; the hubris theory. 

11 Note that the efficiency and market power effects are not mutually exclusive rather they often operate side by
side. The question for a competition authority then regards which effect dominates. Luckily the event study
methodology, when also studying the effect on rival’s stock prices, will indicate which effect that the market is
expecting to dominate.
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The managerial hypothesis is founded upon the well-known principal-agent theory 

(Jensen and Meckling, 1976). The principal is in this case the shareholders who ‘hires’ an 

agent, the manager, to perform a task, i.e., run the company. In the principal-agent theory 

there are no perfect contracts, i.e., the owners cannot perfectly control how the manager

performs due to asymmetric information. Also, the interests of the owners and the manager

might differ, i.e., it is in the owner’s interest to maximize profit, but in the manager’s interest 

to maximize his/her own interest. The manager’s self-interest is likely to be related to issues

such as increased salary levels, their power position, and satisfaction in the job, and also to 

decrease the risk of losing their job. Many of these incentives are in turn positively related to

a larger size of the company (Shinn, 1999). Since the interest of owners and managers are 

likely to differ an acquisition might be pushed for the wrong reasons. Thus, this may provide 

one explanation to why some mergers reduce both efficiency and profitability.

The other hypothesis with a likely non-positive effect is the so called hubris

hypothesis (Roll, 1986). This hypothesis assumes that the manager miscalculated the 

valuation of the acquisition target, and as a result pays more for the acquired shares than the

market valuation of the expected gains resulting from the merger. According to the hypothesis 

this implies that the target shareholders gain, but the acquirer’s shareholder looses. However,

the overall effect in the hubris hypothesis is non-positive, which is the assumed effect if there 

are no synergies to expect from the merger. However, the hubris hypothesis expects that the 

combined value of the target and acquirer firms only fall slightly. This hypothesis thus

assumes that the manager is overconfident in valuing the acquired target, and as a 

consequence pays too much and faces what is called the ‘winner’s curse’. The main difference 

from the managerial hypothesis is that in this hypothesis it is not assumed that the manager

acts against the owner’s interests, and also that the overall effect is non-positive, but close to

zero. In order to make a distinction between this hypothesis and the managerial one, it is here 

assumed that the overall effect from the hubris hypothesis is zero (see Table 2). 

3.3 Predicted Effects of the Merger Hypotheses

The theoretical predictions from merger announcements have been classified into four 

different hypotheses that all can be helpful in determining both the welfare effect from the 

merger, and from a firm perspective, the underlying motive for the merger. This classification 

thus helps to answer questions posed earlier such as whether these mergers have led to

increased efficiency, or if it is the market power effect that dominates the merger intentions.

Moreover, if the merger has not had a positive impact on the combined entity, what could
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have been the motivation for such a merger? Is it the self-interest of managers, or a

miscalculation of the valuation of the target? The predicted effects from the four hypotheses 

presented above are summarised in Table 2.

Table 2: Predicted Effects from Hypotheses for M&As 
Gains to
Target

Gains to
Acquirer

Combined
Gains

Gains to
Rivals

Welfare
Effects

Efficiency + + + - +

Market Power + + + + -

Managerial + - - n/c* n/c

Hubris + - 0 n/c n/c

* n/c implies that gains to rivals, and thus welfare effects, is not considered under
this hypothesis

We can see that for the efficiency hypothesis there are expected positive effects on both target 

firm’s share prices and acquirer firm’s share prices, as well as expected positive combined

gains.12 However, under this hypothesis the expected effect on the rivals’ share prices is 

negative since it is expected that the merged entity will be more productive than before. 

Regarding the market power hypothesis there is also expected positive effects on target and 

acquirer firm’s share prices, but compared to the other positive effect hypothesis it is also 

expected to be positive gains to the rivals. This since the merged firm is likely to take action 

towards increasing market prices, something which other firms in the market also will benefit

from. The effect on rivals share prices is thus important for determining the overall welfare 

effects resulting from the merger, since it determines whether the positive effect on merging

firms share prices result from synergy or market power effects. The use of rivals share prices

in determining welfare effects from mergers were first introduced by Eckbo (1983) and 

Stillman (1983).13

Regarding the hypotheses expecting non-positive effects there are expected gains to 

the target firm, but expected losses to the acquirer firm. This implies that there is an expected

wealth transfer, from the acquirer firm shareholders to the target firm shareholders. The main

difference between these hypotheses is that the managerial hypothesis assumes that there are 

12 Combined gains refer only to effects on the market valuations of both the target and acquiring firms together.
Welfare effect refers to the net gain or loss of economic surplus, which is found from studying the effect from
the merger on rival firms.
13 Other studies that have used rival firms stock price reactions in order to analyse potential anticompetitive
effects resulting from a merger are e.g., Knapp (1990), Mullin et al. (1995), and Cox and Portes (1998). This
approach is sometimes referred to as the Eckbo-Stillman event study methodology.
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overall losses to be expected from the merger, while the hubris hypothesis expects that the 

combined gains for the merging firms are close to zero.14

4. Event Study Methodology 
The basic event study methodology is relatively simple and straightforward. At the time of a

merger announcement, the reaction to the stock’s price performance will be measured against

an estimate of the expected normal returns. The normal returns are based on prior stock price 

performance. An assessment of the effect from the event is achieved by the measurement of 

the abnormal return (Ar). Arit is defined as the firm’s abnormal return, at time t, which is the 

actual return (rit) of security I minus the normal return , measured over the event 

window. The normal return is an estimation of what the return of the stock would have been if 

the event, i.e., the merger announcement, did not occur. This can thus be expressed as:

])|[( tit xrE

]|[ tititit xrErAr    (1) 

where and E(r,, itit rAr it) are the firm’s abnormal, actual, and normal returns respectively,  at 

time t, and xt is the conditioning information for the normal performance model (MacKinlay,

1997).

The step-by-step procedure for applying the event study methodology is outlined by

Henderson (1990) and MacKinley (1997). First, identify the date when the first

announcement of the merger was made. Second, estimate the normal returns of the stocks of

interest, based on earlier price observations. This is the appreciation of the stock movement

without the event occurring. When this is found, take the difference between the actual return 

and the normal return for the firms under investigation in order to find the abnormal return. 

Third, aggregate the abnormal return over time for each firm to find the cumulative abnormal

return (Car) over the event window. Fourth, perform tests to determine whether or not the 

abnormal returns are statistically and economically significant. For a more detailed review of 

the event study procedure, see e.g., MacKinley (1997), Armitage (1995), Henderson (1990), 

and Cox and Portes (1998). 

In order to estimate the normal return, a market index must be chosen. Differences

between market indices regard how many securities are included, their weight in the portfolio,

14 Note that the gains/losses to rivals do not need to be analysed in order to detect which of these hypotheses that
is behind the merger, since it is given by the combined gains to the new merged entity. As well, there should be
no anti-competitive concerns regarding mergers that have non-positive effects since there are no evidences that
this leads to increased market power.
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and what these securities entail. In event studies it is common to use a broad market index, 

such as the S&P 500 Index at the US stock market, and the All Ordinaries at the Australian

stock market (MacKinlay, 1997). These indices represent large indexes in each market, and 

the trade volume is as a consequence high. An industry-specific index could also be used 

when estimating the normal return. However, this will not be used in this study given that the 

Australian stock market, at the time for the merger, did not have a mining-industry index. 

This paper will thus use the Australian All Ordinaries index when estimating the normal

returns, i.e., the largest index for the market that the firms under investigation are listed on.

The approach of the event study in this paper follows the studies made by Rubuck 

(1982, 1983), Kryzanowski (1986), and Cox and Portes (1998). All these articles analyse 

merger announcements in a case study type of fashion. The paper thus uses historical stock 

prices of the merging firms, as well as their rivals, in order to measure the abnormal returns 

around the merger announcement. The event study methodology requires that the involved 

firm’s stock prices are listed on a stock exchange. The stock prices will mainly be obtained

from Yahoo Finance website for Rio Tinto and BHP, listed on the Australian Stock Exchange

(ASX). Given that North Ltd is a so called ‘dead series’15 it was no longer recorded on the 

Yahoo Finance website. This posed a potential problem, but since all financial data is 

recorded and stored it was possible to obtain the North Ltd stock price series for 1.5 years 

before the merger announcement.16 The merger announcement date, as well as information

about the merger and other financial information, was mainly collected from business journals 

(e.g., Metal Bulletin, and Mining Journal) and press releases on the involved firm’s websites. 

Other company information, such as annual reports, can also be found on the companies’ 

websites. For more detailed information of past owner structures, and market shares, the Raw 

Material Group (RMG) Database is used.

5. Event Study of the Rio Tinto and North Ltd Merger
On June 23, 2000, Rio Tinto announced that it had made a cash offer for all outstanding 

shares of North Ltd at 3.80 Australian dollars (A$) per share.17 Rio Tinto announced as well 

15 The series ‘died’ when the firm merged with Rio Tinto, and since this was more than 5 years ago the
information was no longer provided.
16 The stock price series from North Ltd was kindly supplied from a Swedish stock broking firm, Carnegie
Investment Bank AB. All help from Lars Palo at Carnegie is much appreciated.
17 The detailed information in the case was collected from Kirk (2000), Mining Australia (2005), and press
releases at Rio Tinto’s web page (Rio Tinto, 2005).
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that they already had acquired 14.5% of North Ltd at that price. The deal values North Ltd at 

2.8 Billion A$, which the directors of North Ltd has declared as unacceptable. North Ltd held 

a majority position (53%) in the world’s second largest iron ore mine, Robe River in Western

Australia. This implies that Rio Tinto would as a consequence of the merger almost double 

their iron ore production, and become the second largest iron ore producer in the world.

The proposed take over of North Ltd by Rio Tinto was of concern for Japanese iron 

ore consumers. Japanese steel mills even threatened not to renew contracts with Rio Tinto’s

iron ore subsidiary Hammersley Iron, as an attempt to block the merger between Rio Tinto 

and North Ltd. In addition, Mitsui & Co (with a 33% share of Robe River Iron Associate) also 

opposed the takeover of North Ltd and wrote a letter to the Western Australian Government

voicing their concerns regarding an initiated project for the mine in the West Angela region. 

Nippon Steel, one of Japan’s dominant steel makers, with a 10.5% holding in Robe River

threatened to use its veto powers in the Robe River Iron Associate. The main concern for the 

Japanese steel mills is that the major Australian producers are reduced from three to two, 

damaging their bargaining power in future price negotiations. On July 21, 2000, Anglo 

American announced a 4.20 A$ per share counter-bid for North Ltd. This announcement was

welcomed both by North Ltd’s directors and the Japanese iron ore consumers. However, on 

August 3 Rio Tinto increased their offer to 4.75 A$ per share, and since Anglo American

announced on August 4 that they would not offer a counter bid the deal was more or less 

sealed. On August 11, Rio Tinto had gained 54.2% of North Ltd, and a week later 91.5% was 

in the hands of Rio Tinto. 

5.1 Event Study Results 

The event date is defined as June 23, when the first announcement of Rio Tinto’s offer for 

buying North Ltd was made. The next step in the event study methodology is to calculate 

normal returns.18 The market model is applied, using the Australian All Ordinary index as the

market return. Table 3 presents the market model regression coefficients estimated over the 

period January 7 to December 30, 1999 for the merging firms as well as their closest 

competitor on the Australian market, BHP.19 The R2’s are relatively low and indicates that the 

relationship explains between 8.4% and 18.1% of the variability of the firms’ stock returns. 

18 The estimated market model is: , where ritmtiiit rr it is the stock return of firm i on day t, rmt is the
return to Australian All Ordinary index on day t, and  and  are to be estimated.
19 The normal return is calculated for 1999, i.e., the year before the event-year, since 2000 represent a year with
an unusual high rate of mergers in the industry.
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The ’s are statistically significant for all firms, implying that there is a relationship between

the return of the market index and the firm’s stock return. An interpretation of the ’s is that

if the return from the Australian All Ordinary index increases with 1% over the estimation

period (7/1/99-30/12/00), the corresponding increase in, e.g., Rio Tinto’s share price is 

1.05%. The Durbin-Watson statistics show no direct indication of serial correlation in the

estimations for all firms.

ˆ

ˆ

Table 3: Estimation of Market Model 7/1/99 to 30/12/99* 
ˆ ˆ 2R Durbin-

Watson
Rio Tinto (ASX) 0.00076332

(1.614)
1.04709960

(7.406)
0.1811 1.62

North (ASX) 0.00053059
(0.823)

0.91866112
(4.763)

0.0838 1.57

BHP (ASX) 0.00071109
(1.413)

0.97665844
(6.575)

0.1484 1.59

* There are 250 daily observations over this estimation window period. t-
statistics is presented in parenthesis

When the normal returns have been estimated, the abnormal returns are of interest.20 The

abnormal returns for the participating firms, as well as for BHP, are presented in Table 4.21

For a graphical presentation of these returns see Appendix I. On the merger announcement

date, the abnormal return for Rio Tinto is moderate, 1.21%, and statistically insignificant. 

However, we can see a significant and substantial increase in the stock price of North Ltd on 

the day of the merger announcement, given the abnormal return of 12.33%. This is expected 

given that the offer for North Ltd was higher than the stock price on the event day. It also 

indicates that the event day is specified correctly. The merger announcement thus seems to 

increase the value of the target firm (North Ltd) but not significantly for the acquiring firm 

(Rio Tinto).22 However, given that the abnormal return for Rio Tinto on the announcement

20 Considering the normal return model, let ˆ and  be the estimates of alpha and beta, the abnormal return
model can then be estimated as follows: .

ˆ

mtiiitit rrAr ˆˆ
21 The abnormal return has been calculated for an 11-days event window, i.e., 5 days before and 5 days after the
event took place, in order to capture all movements from the event. In many studies an event window of 21 days,
i.e. 10 days before and 10 days after the event have been applied (Weston, 2002). The downside with a long
event window is though that new information, i.e., a new “event”, can interfere with the results. Thus, this study
has chosen a shorter event window of 11 days, following the study presented by Cox and Portes (1998).
22 According to Salinger (1992) statistical tests on abnormal returns are performed by finding the variance,
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, where 2 is residual variance from the market model regression,  is the
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day is positive (which can be confirmed at a roughly 15% significance level) the probability

that the merger is creating wealth is thus larger than the probability of zero or negative wealth 

created. Positive returns for both target and acquiring firms indicate that either the market

power or the efficiency hypothesis dominates the merger. When looking at the cumulative 

return over the event window (Car), the above results are confirmed.23 Rio Tinto still shows a 

small positive return over the event window, and North Ltd shows a larger positive effect as is

indicated by the 9.22% growth of their stock over the 11-days window. The cumulative

abnormal return is thus slightly lower than the effect on the event day, which implies that the 

stock return was adjusted downwards the days around the merger announcement.

Table 4: Percentage Abnormal Returns of Merger Announcement 
Date Days from event Rio Tinto North Ltd BHP

30/6/00 +5 0.98 (1.31) -0.81 (-2.49) 0.24 (0.30)
29/6/00 +4 -0.03 (-0.03) -0.55 (-1.71) -1.38 (-1.75)
28/6/00 +3 0.06 (0.08) -0.23 (-0.71) -0.26 (-0.34)
27/6/00 +2 -1.34 (-1.80) -0.12 (-0.38) -0.48 (-0.61)
26/6/00 +1 1.06 (1.42) 0.37 (1.15) 1.07 (1.37)
23/6/00 0 1.21 (1.63) 12.33 (38.35) -0.12 (-0.15)
22/6/00 -1 0.67 (0.90) -0.24 (-0.73) 1.04 (1.32)
21/6/00 -2 -0.61 (-0.82) 1.25 (3.87) -0.33 (-0.43)
20/6/00 -3 -2.08 (-2.78) -0.53 (-1.66) 0.19 (0.25)
19/6/00 -4 -0.19 (-0.25) -1.35 (-4.18) -0.87 (-1.10)
16/6/00 -5 1.52 (2.04) -0.58 (-1.81) 0.81 (1.04)
Car 1.20 9.22 -0.12

When turning the attention to the abnormal return for BHP, the closest competitor to Rio

Tinto and North Ltd on the Australian iron ore market, it is evident that the stock reaction is

not very large on the event day. The abnormal return is moderately negative 0.12%, and it is 

not statistically significant. Even if it is difficult to say anything definite based on this, it still 

cautiously indicates that the stock price effect is close to zero, and that it is to some extent 

negative. This result is reinforced by the Car which is also very close to zero, also negative at 

number of observations used to estimate the market model, rmt is market returm on day t, and rm is the average
daily market return over the estimation period. Then calculate the t-statistics as: 

)( it

it

ArVar
Art .

23 The estimated Car aggregates the estimated Arit over the event window: 1)1(00/6/30

1tt itit ArCar , where

t1 is the first day of the event window.
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0.12. When comparing the above results to the predicted effects from merger hypotheses the 

abnormal returns so far suggest that the efficiency hypothesis dominated the merger between 

Rio Tinto and North Ltd. However, this result is not significant and to be able to confirm this

more information about the merger needs to be included in the analysis.

5.2 Adjusting the Event Window

Considering that the takeover bid for North Ltd was followed by several distinct information

releases, it is of interest to also examine the abnormal returns between the merger

announcement and the completion of the bid. The procedure of a detailed examination follows

the Ruback (1982) study of the Conoco takeover. The time period of interest in the Rio Tinto 

– North Ltd merger is between June 22 and August 8 (a day before and two days after 

relevant information releases were made). Table 5 presents the major events in the merger

deal and the corresponding abnormal returns of participating firms.24

Table 5: Major Events Around the Takeover of North Ltd and Corresponding  Percentage 
Abnormal Returns of Participating Firms 

Event North Ltd* Rio Tinto BHP

June 23, 2000: Rio Tinto announced a cash offer of A$3.80/share for all
shares outstanding of North Ltd, after taking a 14.5% stake in North.
North’s directors declared the offer of A$2.8 billion inadequate.

12.33
(38.35)

1.21
(1.63)

-0.12
(-0.15)

June 30, 2000: Mitsui & Co (a 33% holder of Robe River) has voiced their
concern to the takeover of North Ltd to the Australian government.

-0.81
(-2.49)

0.98
(1.31)

0.70
(0.30)

July 7, 2000: Rio Tinto has concluded that the conditions of its bid for
North Ltd have been breached.

-0.83
(-2.57)

1.37
(1.84)

0.11
(0.14)

July 13, 2000: Japanese steel mills are threatening not to renew contracts
with Rio Tinto in an effort to block the takeover of North Ltd.

0.19
(0.60)

0.51
(0.68)

0.01
(0.02)

July 21, 2000: Rio Tinto announced that it has noted Anglo American’s
A$4.20 counter offer for North Ltd.

3.33
(10.33)

-2.02
(-2.70)

0.44
(0.56)

August 2, 2000: The European Commission announced that they accept the
merger.

-0.04
(-0.12)

-0.04
(-0.05)

-0.32 (-
0.41)

August 3, 2000: Rio Tinto announced an increase in its offer for North Ltd
to A$4.75/ share. The offer is unconditional and ends August 13.

1.24
(3.87)

-0.56
(-0.75)

0.12
(0.15)

August 4, 2000: Anglo American announced that they will not proceed
with their offer for North Ltd. ACCC gave their approval to the merger.
Deal is practically finalized.

3.00
(9.34)

-1.84
(-2.47)

0.07
(0.09)

* The bold numbers indicate that the estimates are statistically significant at the 5% significance level.
Source of events: Rio Tinto (2005), and Mining Australia (2005).

24 It should be noted that the term ‘relevant information releases’ is somewhat arbitrary since many information
releases from the companies involved in the case have been made. However, information releases that can be
directly related to the merger case have been judged to be relevant.
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The abnormal returns for the merger announcement day are the same as in Table 4, showing a 

strong positive effect for the target firm, and a smaller positive effect for the acquiring firm. 

Thus, the abnormal returns indicate that the merger would create wealth for the participating 

firms. On June 30, when Mitsui & Co voiced their concern about the takeover of North Ltd by 

Rio Tinto, the estimate of the abnormal return for North Ltd is statistically significant and 

slightly negative. This indicates that North Ltd’s stockholders might have had some concern 

that the deal would not be completed. However, both Rio Tinto and BHP’s abnormal returns 

for this date are slightly positive, but none of them can be confirmed on statistical grounds.

On July 7, Rio Tinto announced that the conditions of its bid had been breached. This news

incurred a negative effect on North Ltd’s stock price, but a positive effect on Rio Tinto’s 

stock price. A possible explanation for this is that North Ltd’s stockholders once again were

concerned that the deal would not be realised, while the stockholders of Rio Tinto might have 

been concerned by the strong opposition against the deal and thus relieved that it is breached. 

However, the threat made by Japanese steel mills on July 13 seems not to have had any

impact on the stock prices of any of the firms included. A possible explanation is that this

information had already been anticipated by the stockholders. 

The counter-bid by Anglo American July 21 did have a statistically significant impact

on both North Ltd’s and Rio Tinto’s stock prices. A significant negative abnormal return for 

Rio Tinto indicates that the information was not well received by Rio Tinto’s stockholders.

North Ltd’s stockholders, on the other hand, reacted positively to this news. This is expected

since the value for the share holders increased by 0.40 A$ per share directly by Anglo 

American’s counter offer. BHP’s abnormal return is not statistically significant, but it is 

moderately positive on this day. A likely explanation for this is that stockholders of firms 

competing in the same market believe that a higher valuation of the target firm is positive

since it reflects a higher valuation of their own firm. 

The European Commission announced that they accepted the merger proposal 

between Rio Tinto and North Ltd on August 2. This information seems to have been already 

anticipated by the involved firm’s stockholders given that there are no significant movements

due to this information. On August 3, the news of Rio Tinto’s offer of 4.75 A$ per share was 

well received by North Ltd’s stockholders. However, the abnormal return of Rio Tinto was 

slightly negative (this cannot be statistically confirmed though). The next day, August 4, the 

information that Anglo American will not proceed with its offer for North Ltd had reached the 

stock markets. In practice this implies that the deal is secured and will go ahead. Also on this 

day the ACCC announced their approval of the merger. North Ltd’s stock price rose 
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significantly due to this information, but the effect on Rio Tinto’s stock price was 

significantly negative. This can be interpreted as showing that Rio Tinto’s stockholders 

believe that the price for North Ltd’s shares (which has increased by almost 1 A$ since the 

initial offer) is over-priced. According to this reaction the merger deal is not well received by 

Rio Tinto’s stockholders.25 The stock price for BHP was not significantly affected due to this

information.

It is also of interest to study the Car’s for the longer time interval, see Table 6 for a

summary (for a complete list of daily abnormal returns and a graphical presentation see 

Appendix II and III). It is interesting to note that the Car for North Ltd is almost doubled over 

the entire event-period, as is indicated by the 17.82% abnormal return compared to 9.54% for 

the 11-day event window. This result thus reinforces the conclusion that the stock market

expected the merger deal to be positive, at least for the shareholders of North Ltd. Rio Tinto’s 

cumulative abnormal return for the whole event-period is negative 2.10%, which most likely 

indicate that the stock market believed that Rio Tinto paid an over-price for North Ltd.26 The 

negative cumulative return for Rio Tinto thus points towards that either the hubris or

managerial hypotheses support the merger. However, if the overall effect for both the merged

entities are positive (that the increase in North Ltd’s share outweighs the slight decrease in 

Rio Tinto’s share) the result indicates that the overall effect is positive, and thus that either the 

efficiency or market power effect dominated the merger case.27

Table 6: Summary of Abnormal Returns 
Firm Time Period Cumulative AR (%)

Rio Tinto (ASX) 22/6 – 8/8 -2.10

North Ltd (ASX) 22/6 – 8/8 17.82

BHP (ASX) 22/6 – 8/8 -4.59

25 It is interesting to note that the following trading day (August 7) the stock price for Rio Tinto rose
significantly. This might indicate that after the new information had time to ‘sink in’ the market adjusted its
previously strongly negative reaction. The same adjustment, but in the opposite direction, was made for North
Ltd on this day.
26 This conclusion is in line with the events that followed on July 21, when Anglo American proposed a counter
offer for North Ltd. In the end this action pushed up the final price of the shares by 25%.
27 This is also indicated when converting the percentage changes into A$ (estimates based on outstanding shares
times share price during the relevant time period for both Rio Tinto Ltd and North Ltd). The combined gains of
both acquirer and target are positive, i.e. the monetary value of the increase in North’s share outweighs the
monetary value of the decrease in Rio Tinto’s share (Rio Tinto, 2000).
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In order to find out which of these effects that dominated, the largest rival’s (BHP) 

cumulative abnormal return is of interest. The Car for BHP over the whole event period is -

4.59%. Thus, the negative stock market reaction for the closest rival over the whole event 

window indicates that the merger is supported by the efficiency motive. According to Table 2 

this is the only hypothesis that is consistent with a negative rival reaction, something which 

thus seems to rule out the hubris or managerial hypotheses for the merger. It is interesting to 

note that when adjusting the event window to include several information releases in the 

merger case, BHP’s cumulative abnormal return becomes significantly larger, which makes it 

possible to draw conclusions regarding the motive for the merger.

6. Conclusions
The purpose of this paper has been to estimate the competitive and efficiency impacts of the

merger between Rio Tinto and North Ltd in 2000, using an event study approach. The results 

from the event study using an 11-day event window indicates that the merger between Rio 

Tinto and North Ltd did create value for the stockholders, given positive effects on both Rio 

Tinto and North Ltd’s stock prices on the announcement day. The market thus believed that 

the new company either would be more efficient, or would be able to increase prices due to 

the market power effect. When studying the stock price movements of the main competitor,

BHP, the conclusion of whether the efficiency or the market power effect dominated the

merger cannot be confirmed given that the abnormal returns are statistically insignificant on 

the relevant event days.

However, when adjusting the event window to include several relevant information

releases for the merger case the positive effect for North Ltd’s stock price increases with

almost the double. Moreover, the cumulative abnormal return for the acquirer, Rio Tinto, 

indicates that it is possible that the managerial or hubris hypotheses support the merger.

However, given the much larger increase in North Ltd’s stock price (which was one of the top 

four players on the iron ore market at the time of the merger) the overall effect on the new

firm’s stock price appear to be positive. When this is the case it is more likely that the

efficiency or market power hypotheses supported the motive behind the merger, and that the 

negative stock price reaction for Rio Tinto during this period only reflects the price increases 

due to the Anglo American counter-offer. In order to investigate which effect that supported 

the main motive behind the merger BHP’s stock price reaction was also analysed over the

longer time period. The cumulative result shows that the closest rival’s stock market reaction 
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was significantly negative, which indicates that the merger is supported by efficiency motives. 

Thus, according to the market reactions, there is no evidence showing that this large merger in 

the iron ore industry will have a negative impact on competition in the market. Given the 

efficiency motive, the expected welfare gains from the merger are positive. This result thus

supports the Commission’s decision to allow the merger between Rio Tinto and North Ltd.

This paper thus shows that an event study can be a fast and important tool for

analysing merger proposals. Compared to a ‘full-on’ merger investigation the event study is 

quick and easy to apply. It is though important to note that the EMH, which the event study 

methodology depends upon, has been criticized and it is therefore important to use more than 

one method when evaluating the motive behind merger proposals. To conclude, all the above 

results hinge upon that the stock market has the ability to interpret new information

accurately, implying that the efficient market hypothesis can be relied upon. However, it is 

beyond the scope of this article to provide a sufficient answer to whether or not this is the 

case.
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Appendix I: Plots of 11-day Window Abnormal Returns 

Abnormal Returns for North Ltd
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Appendix II: Daily Abnormal Returns June 22 – August 8 
Date Rio Tinto North Ltd BHP

8/8/00 0.24 (0.32) -0.02 (-0.06) -0.56 (-0.71)
7/8/00 1.93 (2.58) -2.17 (-6.74) 0.75 (0.95)
4/8/00 -1.84 (-2.47) 3.00 (9.34) 0.07 (0.09)
3/8/00 -0.56 (-0.75) 1.24 (3.87) 0.12 (0.15)
2/8/00 -0.04 (-0.05) -0.04 (-0.12) -0.32 (-0.41)
1/8/00 -0.45 (-0.61) -0.40 (-1.23) -0.42 (-0.54)
31/7/00 0.83 (1.11) -0.47 (-1.45) -0.12 (-0.15)
28/7/00 -0.43 (-0.57) 0.39 (1.21) -0.48 (-0.61)
27/7/00 -0.18 (-0.24) 0.23 (0.72) -0.98 (-1.24)
26/7/00 -0.24 (-0.33) 0.04 (0.14) 0.27 (0.35)
25/7/00 0.42 (0.56) 0.87 (2.70) -0.61 (-0.78)
24/7/00 0.15 (0.19) 0.93 (2.90) 0.24 (0.30)
21/7/00 -2.02 (-2.70) 3.33 (10.33) 0.44 (0.56)
20/7/00 -0.58 (-0.78) 1.72 (5.35) 0.04 (0.05)
19/7/00 -0.36 (-0.48) -0.60 (-1.86) 0.12 (0.15)
18/7/00 0.10 (0.13) -0.12 (-0.38) -0.48 (-0.61)
17/7/00 0.13 (0.17) 0.17 (0.52) -0.82 (-1.04)
14/7/00 0.47 (0.63) 0.08 (0.26) -0.77 (-0.98)
13/7/00 0.51 (0.68) 0.19 (0.60) 0.01 (0.02)
12/7/00 -0.03 (-0.03) 0.11 (0.33) 0.64 (0.82)
11/7/00 0.25 (0.33) -0.05 (-0.17) 0.83 (1.06)
10/7/00 -1.24 (-1.67) -0.28 (-0.88) -0.49 (-0.62)
7/7/00 1.37 (1.84) -0.83 (-2.57) 0.11 (0.14)
6/7/00 -1.59 (-2.14) 0.29 (0.89) -0.23 (-0.30)
5/7/00 -1.05 (-1.41) 0.02 (0.08) -1.13 (-1.44)
4/7/00 -0.34 (-0.46) -0.43 (-1.32) -0.66 (-0.85)
3/7/00 -0.03 (-0.04) -0.70 (-2.19) -0.33 (-0.42)
30/6/00 0.98 (1.31) -0.81 (-2.49) 0.24 (0.30)
29/6/00 -0.03 (-0.03) -0.55 (-1.71) -1.38 (-1.75)
28/6/00 0.06 (0.08) -0.23 (-0.71) -0.26 (-0.34)
27/6/00 -1.34 (-1.80) -0.12 (-0.38) -0.48 (-0.61)
26/6/00 1.06 (1.42) 0.37 (1.15) 1.07 (1.37)
23/6/00 1.21 (1.63) 12.33 (38.35) -0.12 (-0.15)
22/6/00 0.67 (0.90) -0.24 (-0.73) 1.04 (1.32)
Car -2.10 17.82 -4.59
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Appendix III: Plotted Daily Abnormal Returns June 22 – August 8 
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