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Abstract 
 The overall purpose of this paper has been to test the hypothesis of steam and coking coal 
markets being integrated into global markets. This has been conducted by analysing whether or 
not the quarterly steam and coking coal prices in Europe and Japan between 1980 and 2006 are 
cointegrated. The results for the entire time period show that neither the steam or coking coal 
markets are cointegrated, and thus we cannot conclude that the price series in Europe and Japan 
follow a long-run trend. This result does not confirm the existence of a world market for steam 
and coking coal, rather it indicates that these coal markets are separated into two regional 
markets. The finding of regional markets is in conflict with the finding in Wårell (2006), who 
found cointegrated steam and coking coal prices between 1980 and 2000. Before concluding that 
the steam and coking coal markets are regional in scope, cointegration analysis has also been 
performed for the separated time series 1980-1999 and 2000-2006. The results for the steam coal 
market shows that cointegration of the price series can be confirmed for the time period 1980-
1999, but not for the period 2000-2006. The finding that the steam coal market cannot be 
considered cointegrated 2000-2006, i.e., that the market has become more regional in scope has 
important policy implications. Firstly, a more regional market implies that the competitive 
situation becomes different compared to a world market. Secondly, in order to identify any 
potential security of supply issue for coal, it is important to know whether the market is regional 
or world-wide. 



1. Introduction 

Coal is at present the fastest growing source of energy (in absolute terms) in a world where 
energy demand is increasing at a rapid pace. This is perhaps not a major surprise given that 
almost 80 percent of China’s electricity generation is met by steam coal, and in India the 
corresponding amount is almost 70 percent. The rapid economic growth in large nations such as 
China and India are not only increasing world energy use, it is also fuelling the demand for 
metallurgic coal, or coking coal, which is used in the production of steel (IEA, 2007b). For many 
years the prices of coal have been relatively stable, between 1984 and 2004 the prices of coking 
coal were traded at about $60 per tonne in Europe. Today, February 2008, the spot price of 
coking coal in Europe is at about $270. Similar price rises, however not as dramatic, are evident 
for steam coal (Energy Bulletin, 2008). We are thus witnessing an exceptional increase in the 
price of coal, and there are interesting times ahead to observe where the price of coal will be in a 
few years. To better understand the development of the international coal market an analysis of 
prices and market integration is of importance. 

The issue of security of supply of energy sources is on the political agenda in most 
countries, and the importance of this issue naturally intensifies in situations of large price 
increases and supply shortages. In order to identify the security issue for an energy sources, such 
as coal, it is important to define the relevant market boundaries. This because the problem of 
security of supply, and solution to it, becomes rather different on a regional basis compared to a 
world market. Previous studies on the coal market, e.g., Ellerman (1995), Humphreys and 
Welham (2000), Wårell (2005; 2006), have defined the coal market as one unified world market. 
This has been explained by the fact that that coal is shipped all over the world, and also that the 
prices in the two dominating regions (Pacific and Atlantic market) have had similar movements. 
Wårell (2006) performed a so called cointegration and error correction analysis to see whether 
the price series in Europe and Japan belonged to the same market using quarterly price data 
between 1980 and 2000. The results from this study confirmed the presence of a world market for 
international coal. However, considering the dramatic changes in coal prices since this study was 
performed it would be interesting to see whether the coal market still can be described as one 
unified world market. The purpose of this paper is thus to investigate if the coal market, separated 
for steam and coking coal, is integrated into one world market using a cointegration analysis. 

International trade and price relationships in spatially separated markets are thus the main 
focus of the analysis. The general concept of the ‘law of one price’ is used for defining the 
presence of a single market (Stigler, 1969). The logic behind this is that when there is trade 
between two regions, the price differential, in equilibrium, should not exceed the transportation 
cost between them. Stigler and Sherwin (1985) argued that “the similarity of price movements” is 
sufficient for defining a market given that the presence of a single price (allowing for 
transportation costs) indicates that two separate locations belong to the same market. Spatial 
equilibrium analysis has a long history dating back to Samuelson (1952). In the late 1980s and 
early 1990s time-series techniques to analyse prices in spatially separated markets became 
popular (see e.g., deVany and Walls, 1993; Sauer, 1994; Gjolberg et al., 1996; Asche et al., 
2001,). This paper employs a cointegration analysis, which assumes 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 market, and vice versa if there is a long-run cointegrating relationship this is 
an indication of the presence of a single market. 
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The reminder of the paper is structured as follows. Section 2 describes the historical 
development of the international coal market, focusing on patterns of trade and prices. Section 3 
provides a theoretical background to cointegration and error-correction models, and in Section 4 
these are employed and the subsequent empirical results are presented. Finally, Section 5 presents 
some concluding remarks. 

 

2. Development of the International Coal Market 

Before the 1960s coal markets were mainly national. Coal has traditionally been consumed close 
to where it was mined and trade was mainly land-based between neighbouring countries. 
Furthermore, producers were predominantly owned by state owned companies. Today the coal 
market is an international market, and by many assumed as one world market (Ellerman, 1995). 
The development towards an international, compared to national, coal market was mainly caused 
by three factors. First, transportation costs for seaborne trade have decreased substantially since 
the 1960s, which has made it economically viable to ship coal large distances (Lundgren, 1996). 
Second, during the oil crises 1973 and 1979 focus shifted from oil towards coal as an important 
energy source. Not only did coal prices become more favourable, but security of supply emerged 
as a key policy issue where many nations opted for an energy supply situation without an oil 
dependency. Third, energy demand has increased steadily from the 1960s and onwards. Coal’s 
share in energy has during this time period been relatively constant, it has fluctuated between 25-
28%, and today it is about 28%. Projections of the future development of energy demand 
estimates that energy demand will almost double from today until 2030. In this projection, coal is 
expected to grow the most in absolute terms, resulting in an increase of 2.2% per year (IEA, 
2007b).  

However, even though coal demand at present is growing, the future for coal is not 
completely uncomplicated. Some of the challenges that face coal as a source of energy are that it 
is a solid fuel and thus more expensive to transport and handle compared to liquid fuels. As well 
coal has 70% or less heat content per ton than oil. The main impediment for coal as a source of 
energy comes though from its environmental impacts. Coal has a long history of being considered 
as a ‘dirty’ fuel. Previously this was based on its high waste content, mainly stemming from ash 
and high sulphur content. Today the biggest challenge for coal is that carbon dioxide (CO2) 
emissions are greater for coal plants compared to other fuels. Adoptions of regulations to limit 
CO2 emissions will provide pressures to reduce coal use. However, there are not only negative 
aspects associated to use coal as a source of energy. Some positive outlooks are that coal reserves 
are estimated to be relatively large and abundant. Economically recoverable reserves of coal are 
available in more than 70 countries world wide, and in each major world region. Authorities have 
reported about 900 billion tones of coal as currently recoverable. At current rate of production, 
global coal reserves are estimated to last for almost another 150 years. As well, the technological 
progress on coal capture and storage (CCS) techniques and energy efficiency measures are far 
advanced, indicating that the use of coal not necessarily will decrease even if CO2 emissions will 
increase. There is also a strong economic incentive to use coal as a source of energy since it is 
cheaper than any other source of energy (IEA, 2007b). 

The world hard coal market includes both steam (or thermal) coal and coking (or 
metallurgical) coal. These types of coal differ both in composition, but foremost in usage. Coking 
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coal is highly processed coal that encompasses specific chemical and mineral characteristics and 
is used primarily in the steel making process. Steam coal, on the other hand, is the collective 
name for the ‘lower quality’ coals’ that are used as a source of energy. The development between 
these two coal markets has been rather different, e.g., about 70 percent of all traded coal 
represents steam coal today (IEA, 2007a). As well, the prices between steam and coking coal 
differ significantly. Due to this, steam and coking coal will be treated separately in this paper.  

 

2.1 World Coal Trade 
The world demand for coal has increased substantially since the 1970s in fact it has increased 
more than the world demand for oil during the same period. However, the most considerable 
increase has been in traded coal.1 Figure 1 illustrates the development of steam and coking coal 
trade between 1982 and 2005. Evident from the figure is that in 1982, seaborne traded coking 
coal was higher than seaborne traded steam coal (IEA, 2007a). This can be explained by the fact 
that growth in traded coking coal was largest in the 1960s when there was a boom in the steel-
marking industry in Europe and subsequently Japan. Seaborne traded coking coal has still grown 
by about the double during the time period. However, this growth is modest when compared to 
the growth of the steam coal market. This can primarily be explained by the substantial increase 
of energy demand during this time period. 

Figure 1. World and Seaborne Coal Trade
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1 Note that even if traded coal has increased significantly during the last decades, it still only represents about 20 
percent of all consumed coal (IEA, 2007a). 
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One aspect of the international coal market which contradicts the assumption of one world 
market for coal is the presence of two separate geographic markets, the Pacific and the European. 
The existence of two geographically separated markets is sustained foremost by the relatively 
high transportation costs involved in shipping coal. Figure 2 presents world trade in hard coal in 
2005. It is evident that countries that are geographically closer have higher mutual trade. The 
Pacific market, with Japan, Korea and Chinese Taipei as the biggest importers, is mainly supplied 
by Australia. The largest coal exporter in the world is Australia, with a share of almost 30 
percent. About 45 percent of the export was directed towards Japan and about 80 percent of all 
exports headed towards the Pacific market. However, Australia still exports some amounts to the 
more distant markets in Europe and the Americas (IEA, 2007a). 

Source: German Association of Coal Importers, Yearly Report 2006

Figure 2. Hard Coal Seaborne Trade in 2005
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The other regional market, Europe, notably the UK, Germany and Spain, is to a higher extent 
supplied by South Africa, Russia and Columbia. South Africa and Russia do however export to 
both the Pacific and Atlantic market and can therefore be seen as a link between the two. 
Regarding share of steam and coking coal trade, it is evident that out of all traded coal the share 
of steam coal is about three quarters. 

 

2.2 Price Development 
As previously mentioned, coal prices have during a long period of time been stable at about $60 
for coking coal, and $40 for steam coal. Lately the price of coal has started to rise sharply, and 
coking coal prices especially in Europe have more than doubled in just a few years. Figure 3, 
showing quarterly steam and coking coal prices between 1982 and 2006, illustrates this 
development. Explanations for the price trends can be found in that after a period of lower market 
prices there have been low investments in coal exporting countries. Although these investments 
are now being made, the rapid increase in coal demand is higher which have put an upward 
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pressure on prices. Furthermore, the rapid increase of energy demand in many countries, not the 
least in large nations such as China and India whose coal share is large. Fast growing places are 
though not the only ones with a high demand for coal. In the US, more coal-fired generation is 
being built than at any time in the past seven years, despite the threat of emissions caps. In 
Europe, several power companies are building new coal fired plants, even though every tonne of 
CO2 that they emit will require an expensive permit. As well, transportation costs have increased 
due to the general higher demand for transported bulk goods. All this has helped to push the price 
of coal steadily upwards in the past few years. Nonetheless, it has risen less quickly than that of 
oil and natural gas. Coal is by far the cheapest of the cheapest of the 3 fuels for power stations, 
relative to the amount of heat it generates when burnt, encouraging existing coal-fired plants to 
be used to the maximum (Energy Bulletin, 2008).  

Figure 3. Quarterly Coal Prices in Europe and Japan
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What can be said about the future of coal prices? High prices will continue if the strong 
demand continues (dependent on China & India) and especially as long as there is a supply 
shortage. Prices will be expected to level out when supply catches up with demand, but at the 
time it is difficult to predict when this will happen. Price development in the future depends on 
both what happens at the political and the technological arenas. At the political arena the future 
price of CO2 emissions is of importance, higher CO2 emission prices will have a negative impact 
on coal demand and thus on coal prices. In theory, the CO2 price in Europe should already have 
had a negative impact on the demand for coal. However, at the time the price of a permit is not 
high enough to outweigh the disparity in fuel prices. Likely there should be more of a shortage 
starting 2008, but the futures price would still have to rise to over 30 Euro per tonne of CO2 to 
impose a switch away from coal over the next years. From a technological view, new coal-fired 
power stations are more efficient, and so emit less CO2 that existing ones. The development of 
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coal-fired plants that capture their emissions and store them underground, so called CCS, 
provides further evidence of that coal as an energy source will be with us for a long time ahead. 

Ellerman (1995), Humphreys and Welham (2000) and Wårell (2005; 2006) have all argued 
that the coal market today is global in scope, not the least considering that the price movements 
between the large regions Europe and Japan follow each other closely. The argument behind this 
is that the prices in the two different locations do not differ enough for consumers in the two 
areas to start shifting purchases. However, for coking coal we can see that the prices in Europe 
and Japan start to diverge in 2000, and after that the prices seem to have a rather different path 
than before. For steam coal this trend is not as strong, but in 2004 the price divergence between 
Europe and Japan seem to be extended. It is therefore of interest to perform a market integration 
study, based on the price movements, for the extended period of time 2000-2007. 

 

3. Cointegration and Error Correction Analysis 

The method for determining market integration in this paper is an error correction model 
introduced by Engle and Granger (1987). The error correction model incorporates a long run 
cointegrating relationship, which implies that two cointegrated price series will not drift apart 
without limit. Error correction models have gained increased support for empirical estimations of 
market integration in energy industries during the last ten years (e.g., DeVany and Walls, 1993; 
Sauer, 1994; Asche et al., 2001). The technique examines movements in prices for goods located 
in different regions in order to test the hypothesis of a long run cointegrating relationship. The 
examination of market integration in the international coal market follows two steps. First, the 
cointegration relationship is investigated in order to determine whether the price series show 
evidence of stable long run relationships. The finding of cointegration is however not sufficient to 
verify that two regions belong to the same market (Gjolberg, et al., 1996). An investigation of the 
price adjustment process, where significant responses to different price shocks can be recognized, 
provides further evidence for market integration. The price adjustment is considered a short run 
process and represents the second step in the examination of market integration. The analysis of 
the speed and strength of the adjustment back towards the long run equilibrium level will help to 
determine market integration.  

Consider two price series, pi and pj, that by themselves are non-stationary I(1), i.e., 
consists of a unit root. A linear transformation of the two original series can though result in a 
series tε  that is stationary, I(0):2

ttitj pp εβα =−− ,,     (1) 

If this linear transformation exists between pi and pj, the time series are considered cointegrated 
since the regression indicates that the difference between the time series, titj pp ,, β− , is varying 
at random around a fixed level (Engle and Granger, 1987). When this is the case, it is possible to 
distinguish between a long run and a short run relationship between pi and pj. The long run 
relationship captures the cointegration relationship, in which the series move together around a 
fixed level. The short run relationship describes deviations of pi and pj from their long run trends. 

                                                 
2 This is only true if pi and pj are integrated of the same order, in this case integrated of order one (Greene, 1993).  
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The vector [1, β− ] in equation (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:  

ttktiiktjjtj ECppp εδββ ++∆+∆=∆ −−− 1,,, ,  (2) 

where k represents the lag length and the error-correction term is represented by , which 
adopts the following form: 

1−tEC

 1,1,1 −−− −−= titjt ppEC βα    (3) 

and this term captures the deviation from long-run equilibrium, and the coefficient δ  in equation 
(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 βi and 
βj represent the short run counterparts to the long run solution in equation (2).  

Werden and Froeb (1993) criticize the use of price series data to define the relevant 
market. There are primarily two 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, 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.  

 
4. Results for the Coal Industry 

The data in this paper represent quarterly import price in Europe and Japan, for coking and steam 
coal, from the first quarter in 1980 to the second quarter in 2006. The prices have been collected 
from International Energy Agency’s (IEA) statistic services, and represent import CIF prices in 
US Dollars/ton. The prices are thus including the sum of cost insurances and freight. Chang 
(1995) discusses the difference in using FOB (free on board) prices and CIF (cost, insurance and 
freight) prices when analysing price differences for coal. The main difference between these 
prices is thus that CIF prices include an estimated transportation cost, which in the case of coal is 
an important factor to the end price. The quality of the CIF price is therefore dependent upon the 
accuracy of the estimated transportation cost, but for the purpose of this paper it is important to 
include the transportation cost, since specified prices of origin with respective transportation 
costs data are not readily available.  
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The CIF prices used are also blended prices, which imply that multi-year contract prices 
are blended with spot prices. CIF prices also blend delivered prices for coal shipped form 
different sources to a common destination, and with slightly different qualities. In other words, 
the prices used here are averages and do not always reflect the actual price paid. However, given 
the range of different prices this would generate, some averaging is necessary. A possible 
problem with the use of blended prices is that systematic variations in the unobserved 
characteristics could be present. This would be the case if there were changes in the length of 
contracts were different in Japan and Europe, or if there were transportation cost changes during 
the period that affected Japanese or European buyers differently. The econometric model outlined 
in section 3 will be employed in logarithmic form, which prevents that growth rates depend on 
the levels of the price series (Hendry and Juselius, 2001). The coefficients also become easier to 
interpret, since they are scale invariant. 

The market integration results for the coking and steam coal markets are presented after 
testing the price series for a unit root, a necessary condition for cointegration. The Augmented 
Dickey Fuller (ADF) test for unit root has been applied, and both the coking coal and steam coal 
prices in Europe and Japan indicate the presence of a unit root according to Table 1. Presented in 
Table 1 are the ADF regressions that include and intercept but not a trend. In parenthesis are the 
order of the regression, as indicated by the Akaike Information Criterion (AIC) and the Schwarz 
Bayesian Criterion (SBC). We can see that for all the tested variables, the null-hypothesis of a 
unit root in levels cannot be rejected. However, when looking at the first differenced price series, 
i.e., the growth rate of the price series, the test statistics for all the price series rejects the presence 
of a unit root.  

Table 1. Unit Root Tests for Price Series in Europe and Japan 

 STEAM COAL COKING COAL 

Levels Japan Europe Japan Europe 

Test Statistics -2.2620 (1) -2.6794 (2) -2.5821 (5) 1.0998 (0) 

Critical Value -2.8903 -2.8903 -2.8903 -2.8903 

First 
Difference 

    

Test Statistics -6.2734 (0) -4.2997 (1) -3.1412 (3) -9.1471 (0) 

Critical Value -2.8906 -2.8906 -2.8906 -2.8906 

             The order of the regression is indicated in parenthesis. 

 

After confirming that the price series consists of a unit root, the prices in Japan are regressed on 
prices in Europe (and vice versa) using a standard OLS estimation. Then to confirm 
cointegration, test if the residuals from this regression show evidence of unit root. If the residuals 
are stationary, i.e. do not consists of a unit root, the prices in Europe and Japan are said to be 
cointegrated (Maddala and Kim, 1988). When cointegration is confirmed, the residuals from the 
cointegrating relationship can be incorporated in the ECM model and the equation then only 
consists of stationary variable, so standard estimation procedures can be applied (Doaldo et al., 
1990). 
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4.1 Cointegration Results for Steam Coal 
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 = 0.40 + 0.90PJ                         (4) 

        (2.30)     (19.72) 

Equation (4) indicates that when the price in Japan rises by one percent, the corresponding long 
run increase in the European price level is 0.90 percent. The values in the parentheses represent 
the t-statistics. This result indicates that the steam coal price in Europe closely follows the price 
changes that are made in Japan. To test for cointegration the residuals from Equation (4) have to 
obey stationarity, i.e., the residuals should not contain a unit root. This implies that the residuals 
have to reject the null hypothesis of “no cointegration”. According to the test statistics given by 
the ADF test -2.5670, the null hypothesis of unit root in the residuals cannot be rejected given a 
critical value of -3.3983. This implies that the price series in Japan and Europe cannot be defined 
as cointegrated.  

The choice of dependent variable when using prices is not clear. If you know that variable 
Europe cause’s variable Japan then the choice of dependent variable in the Engel-Granger 
method is clear. Since this is not the case using prices, the same procedure was repeated for the 
reverse regression. The result, normalized on Japan, is presented in Equation (5): 

 PJ = 0.46 + 0.88PE                         (5) 

        (2.66)  (19.72) 

Equation (5) shows the reverse relationship; thus when the price in Europe rises by one percent, 
the corresponding long run increase in the Japanese price level is 0.88 percent. The ADF test for 
unit root is run on the residuals from Equation (5), and once again the test statistics of -2.3452 is 
below the critical value (in absolute values), which indicates that the presence of a unit root in the 
residuals cannot be rejected. The reverse regression can thus also not confirm that the price series 
in Europe and Japan are cointegrated, and thus the error correcting dynamics cannot be tested for 
the steam coal market. 

The existence of a long-run cointegrating relationship between prices in Japan and Europe 
can thus not be confirmed for the time period 1980-2006. It is interesting to compare this to the 
results in Wårell (2006) who found cointegrated price series for the time period 1980-2000. The 
results in this paper thus indicate that something has happened with the prices of coal after the 
Wårell (2006) study was performed. However, before concluding that the price series in Europe 
and Japan do not follow a long-run trend it would be of interest to separate the price series in two 
time periods, one between 1980-1999 and the other 2000-2006. The reason for this structural 
bread is twofold. Firstly, because we can see in Figure 3 that the prices between Europe and 
Japan start to diverge more than previous years around the year 2000, and secondly because the 
price negotiation process has lately become more and more influenced of what happens in the 
spot market. About the year 2000 the dominating price influences for both coking and steam coal 
was established predominantly in the spot market compared to the previous long-term contracts 
market. Furthermore, it is interesting to compare the results in this study to previous studies that 
has analysed similar time series, see e.g., Wårell (2006). 
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The cointegration results, separated for the two time periods, 1980-1999 and 2000-2006 
are presented in Table 2. Interestingly we can see that cointegration can be confirmed for the time 
period 1980-1999, since the null hypothesis of a unit root in the residuals can be rejected both 
when regressing prices in Japan on prices in Europe and vice versa. However, for the later time 
period we cannot confirm cointegrated price series. This thus implies that the coal price series in 
Europe and Japan for steam coal follow a long run trend between the years 1980-1999, but not 
for the years 2000-2006. According to this finding we cannot confirm that the steam coal price 
series in Europe and Japan are converging. Rather the results indicate that the previously 
cointegrated price series do not follow the same long run trend when more price volatility and 
increased price levels are introduced.  

Table 2: Cointegration Results Separated in two Time Periods (Steam Coal) 

 1980-1999 2000-2006 

 Japan Europe Japan Europe 

Test Statistics -4.0390 (0) -4.2403 (0) -2.5475 (1) -2.7188 (1) 

Critical Value -3.4157 -3.4157 -3.6140 -3.6140 

             The order of the regression is indicated in the parenthesis. 

 

Given that a long run equilibrium relationship can be established for the first time period 1980-
1999, the error correcting dynamics can be tested for. The error correction model used is given in 
equation (2). 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 more 
statistically significant. Note that the model already includes one lag given the regression of 
changes in prices. The dependent variable is Europe in equation (2), but an estimation using 
Japan as the dependent variable has also been performed. We have thus: 

 11,1,, −−− +∆+∆+=∆ ttJJtEEtE ECpbpbp δα ,  (6)  

where bJ and bE is the estimated short run counterparts to the long run solution, and δ represents 
the speed of adjustment parameter, which indicates how fast the prices moves back towards long 
run equilibrium in case of a deviation in the previous time period. Table 3 presents the estimated 
values of these parameters, using both prices in Europe and Japan as the dependent variable.  

Table 3: Error Correction Estimates (Steam Coal) 

 EUROPE JAPAN 

1980-1999 bE bJ δE bJ bE δJ

Estimate 0.02 0.24 -0.15 0.25 0.22 -0.17 

t-values (0.15) (1.73) (-1.30) (2.72) (2.48) (-2.36) 

             Bold numbers indicate statistical significance at a 5% significance level. 

 

The results using prices in Europe as the dependent variable show that none of the short run 
response parameters are statistically significant. The result using prices in Japan as the dependent 
variable indicates that a one percent increase in Japan the preceding time period results in a 0.25 
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percent increase the next period, and a one percent increase in Europe the preceding period 
results in a 0.22 percent increase in Japan the next period. The speed of adjustment parameter 
implies that a deviation from the long run equilibrium the preceding time period, is adjusted for 
by 17 percent in Japan the following quarter. Since only one of the speed of adjustment 
parameters is statistically significant there is evidence of Granger causality. The results for the 
steam coal market indicate that prices in Europe seem to influence prices in Japan. 

When summarizing the results for steam coal, it is evident that the prices in Europe and 
Japan are not cointegrated for the entire time period, 1980-2006. This result therefore does not 
support the hypothesis of an integrated world market for steam coal. When examining the 
cointegration results for the separated time periods, 1980-1999 and 2000-2006 we can see that the 
steam coal prices in the former period are cointegrated, but not in the latter period. This result is 
similar to Wårell (2006) who found cointegrated prices between 1980 and 2000. However, there 
is no evidence of converging price series in Europe and Japan. Regarding the short run 
adjustments to the long run equilibrium level the result indicates that the price in Japan adjusted 
to the prices in Europe more than vice versa for the earlier time period. This finding can to some 
extent be explained by the timing of the price negotiations, where prices in Europe normally were 
settled before the prices in Japan concerning steam coal.  

 

4.1 Results for Coking Coal 
The tests for cointegration and error correction for the coking coal market follow the same 
general procedure as for steam coal. The long-run equilibrium results for the time period 1980-
20006 are as follows: 

 PE = 0.93 + 0.79PJ   PJ = 0.33 + 0.90PE                  (7) 

        (4.65)    (15.99)         (1.43)    (15.99) 

Equations (7) indicate that when the price in Japan rises by one percent, the corresponding long 
run increase in the European price level is 0.79 percent, and correspondingly when prices in 
Europe increase by one percent the long run increase in Japan is 0.90 percent. This result 
indicates that the link between the price series in Europe and Japan are almost as strong as it was 
for steam coal. To test for cointegration the residuals from Equations (7) have to obey 
stationarity, i.e., the residuals should not contain a unit root. According to the test statistics given 
by the ADF test the null-hypothesis of unit root in the residuals for coking coal cannot be rejected 
for, which implies that the price series in Japan and Europe cannot be confirmed as cointegrated. 
Since no long run equilibrium relationship can be established, the error correcting dynamics 
cannot be tested for the entire time period investigated. 

However, before concluding that no long-run equilibrium level exists between the coking 
coal prices in Europe and Japan, once again cointegration tests have been performed for the 
separate time periods. The cointegration results, separated for the two time periods, 1980-1999 
and 2000-2006 are presented in Table 4. Regarding coking coal we can see that cointegration 
now can be confirmed for both time periods since the null hypothesis of a unit root in the 
residuals can be rejected both when regressing prices in Japan on prices in Europe and vice versa. 
This thus implies that the coal price series in Europe and Japan for steam coal follow a long run 
trend between the years 1980-1999 and 2000-2006, but not for the entire time period. This result 
is somewhat surprising given that the price series in Figure 3 indicate more diverging prices, and 
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more volatile prices, regarding coking coal compared to steam coal. Despite this, the 
cointegration results for the separated time periods indicate that the coking coal market seem to 
be more integrated, i.e. follow the same long run trend, than the steam coal market. 

Table 4: Cointegration Results Separated in two Time Periods (Coking Coal) 

 1980-1999 2000-2006 

 Japan Europe Japan Europe 

Test Statistics -4.2175 (0) -4.7102 (0) -3.9869 (0) -4.1260 (0) 

Critical Value -3.4157 -3.4157 -3.6018 -3.6018 

             The order of the regression is indicated in the parenthesis. 

 

Given that a long run equilibrium relationship can be established for both time periods, 
the corresponding error correction equations can be regressed. The error correction model used is 
once again performed as outlined in equation (6). Table 5 presents the estimated values of these 
parameters, using both prices in Europe and Japan as the dependent variable and for both time 
periods. Regarding the results for 1980-1999 we can see that when using Europe as the dependent 
variable, a one percent increase in Japan the preceding period results in a 0.36 percent increase in 
Europe the next period. The speed of adjustment parameter implies that a deviation from the long 
run equilibrium the preceding time period, is adjusted for by 39 percent in Europe the following 
quarter. When using Japan as the dependent variable, none of the estimated parameters are 
statistically significant. This result thus indicates the reverse situation compared to steam coal, 
i.e. that prices in Japan seem to influence prices in Europe to a larger extent than vice versa. This 
finding is also consistent with the timing of the price negotiations, where coking coal prices 
normally were settled in Japan before they were settled in Europe.  

Table 5: Error Correction Estimates (Coking Coal) 

 EUROPE JAPAN 

1980-1999 bE bJ δE bJ bE δJ

Estimate 0.04 0.36 -0.39 0.16 0.08 -0.06 

t-values (0.33) (2.10) (-3.15) (1.21) (0.88) (-0.72) 

2000-2006       

Estimate -0.24 0.29 -0.12 0.42 -0.39 -0.63 

t-values (-1.08) (1.88) (-0.65) (1.58) (-1.11) (-2.14) 

             Bold numbers indicate statistical significance. 

 

Regarding the results for 2000-2006 we can see that the only statistically significant estimate is 
the speed of adjustment parameter, when using prices in Japan as the dependent variable. This 
variable indicates that a deviation from the long run equilibrium the preceding time period is 
adjusted for by 63 percent in Japan the following time period. This result indicates that prices in 
Europe seem to influence prices in Japan more than vice versa. This finding suggests that the 
Granger-causality direction has changed for coking coal in the latter time period. This result is 
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perhaps not surprising given that coking coal prices in Europe are significantly higher in Europe 
compared to Japan after the year 2000. 

When summarizing the results for coking coal, it is evident that the prices in Europe and 
Japan are not cointegrated for the entire time period, and therefore do not follow a long run 
relationship. However, when separating the price series in two time periods the result indicates 
that the prices in Europe and Japan are cointegrated 1980-1999 and also 2000-2006. This result 
also confirms that there is a structural break regarding coal prices around 2000. Interestingly, the 
higher price levels, and larger divergence, for coking coal does not indicate that the price series 
belong to separate markets. Rather, the finding of cointegration between 2000 and 2006 indicates 
that despite the large movements, and larger divergence between the price series, the price series 
in Japan and Europe still follow a long-run trend. 

 

5. Concluding Remarks 

The overall purpose of this paper has been to test the hypothesis of steam and coking coal 
markets being integrated into global markets. This has been conducted by analysing whether or 
not the quarterly steam and coking coal prices in Europe and Japan between 1980 and 2006 are 
cointegrated. This analysis extends the work presented by Wårell (2006). The results for the 
entire time period show that neither the steam or coking coal markets are cointegrated, and thus 
we cannot conclude that the price series in Europe and Japan follow a long-run trend. This result 
does not confirm the existence of a world market for steam and coking coal, rather it indicates 
that these coal markets are separated into two regional markets. This finding has important policy 
implications, not the least concerning security of supply issues and competitive analyses. 
However, the finding of regional markets is in conflict with the finding in Wårell (2006), who 
found cointegrated steam and coking coal prices between 1980 and 2000.  

Before concluding that the steam and coking coal markets are regional in scope, 
cointegration analysis has also been performed for the separated time series 1980-1999 and 2000-
2006. The results for the steam coal market shows that cointegration of the price series can be 
confirmed for the time period 1980-1999, but not for the period 2000-2006. This result is similar 
to Wårell (2006) who found cointegrated prices between 1980 and 2000. However, there is no 
evidence of converging price series in Europe and Japan considering that the latter time period 
does not show evidence of cointegration. Regarding the short run adjustments to the long run 
equilibrium level the result indicates that the price in Japan adjusted to the prices in Europe more 
than vice versa for the earlier time period. This finding can to some extent be explained by the 
timing of the price negotiations, where prices in Europe normally were settled before the prices in 
Japan concerning steam coal for the relevant time period. 

Regarding the results for the coking coal market when separating the price series in two 
time periods the result indicates that the prices in Europe and Japan are cointegrated 1980-1999 
and also 2000-2006. This result also confirms that there is a structural break regarding coal prices 
around 2000. Interestingly, compared to the steam coal market the coking coal market show 
evidence of both higher price levels, and larger divergence between the price series. However, 
despite this the results do not indicate that the coking coal price series belong to separate markets. 
Rather, the finding of cointegration between 2000 and 2006 indicates that despite the large 
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movements, and larger divergence between the price series, the price series in Japan and Europe 
still follow a long-run trend.  

The finding that the steam coal market cannot be considered cointegrated 2000-2006, i.e., 
that the market has become more regional in scope has important policy implications. Firstly, a 
more regional market implies that the competitive situation becomes different compared to a 
world market. For example, there are fewer competitors to consider in the price negotiations and 
prices can differ to a larger extent without the direct occurrence of shipments between the 
different markets. Also, in a merger situation the extent of any possible market power after a 
merger is larger in a regional market compared to a world market. Secondly, in order to identify 
any potential security of supply issue for coal, it is important to know whether the market is 
regional or world-wide. This because the problem of security of supply, and solution to it, 
becomes rather different on a regional basis compared to a world market. In a regional market the 
solution to the problem can usually be found in a more standard negotiation process. 

A possible explanation to the somewhat peculiar finding that the steam coal market is not 
cointegrated in the latter time period could be because transportation costs, which constitutes a 
share of the prices reported here, has increased notably during the period 2000-2006. Since steam 
coal prices are generally lower than coking coal prices, the transportation cost share in the price is 
larger for steam coal. This implies that the transportation costs might have become such a large 
part of the CIF price that it is not worth shipping it between the two regional markets, and thus 
we cannot see that the market is integrated into one global market. It would therefore be of 
interest to perform a similar study using FOB prices and separated transportation costs. 
Furthermore, an important caveat concerning the cointegration and error-correction model is that 
it they are sensitive to the different econometric specifications, i.e., how many lags to include, or 
should an intercept and trend be included in the model? All results should therefore be treated 
cautiously, and reliant upon the specified levels and orders.  
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