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ABSTRACT 
This paper performs a quantitative analysis of iron ore prices. The analysis will focus on 
two general issues. First, are prices more volatile before or after the introduction of spot 
market pricing? Second, has the change in pricing regime had a significant effect on the 
iron ore price? The quantitative analysis uses monthly data between January 2003 and 
August 2012. The overall results show that when including transportation costs to the price 
series we do not find that iron ore prices are more volatile after the introduction of spot 
market pricing. Furthermore, the change in pricing regime does not have a significant 
impact on the iron ore price in the econometric model. Iron ore prices, GDP growth in 
China, and the freight rates are found to be cointegrated (when regressed with a market 
dummy variable), and the short run results indicates that GDP growth in China has the 
strongest impact on the iron ore price series for the period tested.  

INTRODUCTION 
For a long period the iron ore market has been characterized by so called producer 
pricing, i.e., large producers and consumers in the two dominating regional markets have 
negotiated an annual benchmark price. The main motivation for this pricing regime was 
because the demand for iron ore is sensitive for changes in GDP growth, and both iron ore 
and steel producers have favoured a pricing regime that stabilizes the market. However, 
during the last years there has been a change in iron ore pricing. Larger volumes of iron 
ore (mainly in Asia) have been traded on a so called spot market. In 2010, the system of 
yearly negotiated prices finally was abolished by the three dominating iron ore producers 
(Vale, Rio Tinto and BHP Billiton) who introduced a system of quarterly negotiated prices, 
which are influenced by the spot market prices during the previous quarter. Furthermore, 
before the benchmark prices were published openly, and therefore many traders perceived 
the pricing system as relatively transparent. Today the pricing regime is considered as less 
transparent which thus makes many decisions more difficult both for producers and 
consumers on the market. The prices on iron ore today are mainly driven by the 
development in the Asian market, and foremost by the Chinese consumers who to some 
extent can be made responsible for the transition from producer to more market based 
pricing regime. The European steel industry, through the organization Eurofer, have 
opposed the introduction of a spot market on iron ore with the motivation that this will lead 
to more volatile steel prices, see Blas [1]. 
Many of the commodities traded on the London Metal Exchange (LME) today made the 
transition from producer pricing to market pricing already in the 1960s and 1970s. Earlier 
research focusing on the effect on metal prices from a change from a producer pricing 
regime to a market pricing regime is relatively extensive. For example, Slade [2] and [3] 
analyses changes in price volatility between different pricing systems by comparing 
producer prices and market (LME)1 prices for the six metals traded on the LME between 

                                            
1 Common in the literature is to use the notation exchange prices for the prices that are determined on LME. 
However, this paper uses the wording market prices, since this relates back to the spot market pricing 
regime. 
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1970 and 1986. The overall findings for all metals are that the producer prices are more 
stable than market prices, but also that price variability increases in the 1980s (even for 
producer prices). Regarding the price level Slade [2] finds that price levels are unaffected 
by which pricing system that is used (producer or market). Moreover, it is often the case 
that the average producer price is lower than the average market price. However, 
regarding the price variability it is concluded that this is affected by pricing system, i.e., 
variability increases when the commodity is traded on LME. Slade [3] further investigates 
how market structure (measured by HHI) affects price stability, and the conclusion is that 
in more concentrated industries prices are more stable.  
Figuerola-Ferretti and Gilbert [4] examines, similar to Slade [2] and [3], the effect on prices 
when moving from producer pricing to market (LME) pricing. Figuerola-Ferretti and Gilbert 
[4] support Slade’s conclusion regarding less variability for producer prices compared to 
exchange prices (for the period 1970-86), but the price variability did not increase in the 
1980s (after the removal of silver from the sample). The authors argue that Slade’s 
conclusion regarding increased price volatility in the 1980s compared to the 1970s is 
influenced by the inclusion of silver in the analysis. Silver differs from the other metals 
traded on the LME given that it has no recent history of producer pricing and also since it 
is a precious as well as an industrial metal. Furthermore, there is also evidence that the 
silver market was manipulated in 1979-1980 (the so called Hunt affair), when prices 
increased from about $6 per ounce in 1979, to a high of about $48 per ounce in less than 
a year. The authors argue that the Hunt affair had a significant effect of Slade’s conclusion 
that price volatility increased in the 1980s. When excluding silver from the sample 
(considering the same time period as Slade) there is no evidence that price volatility 
increased between the 1970s and early 1980s. Furthermore, if extending the time period 
from 1970 to 1997 the authors find that there is little difference between the market and 
producer price variability. Thus, there is no evidence that producer prices are more stable 
for the extended time period. One explanation of this result can be that from about 1985 it 
is noted that producer prices started to adjust more rapidly to changes in market prices. 
Further, in the 1970s it is likely (at least regarding aluminium and nickel) that the trade on 
LME were relatively illiquid and that the prices on these metals were still quite dependent 
upon the producer prices. 
This paper will perform a quantitative analysis of iron ore prices. The analysis will focus on 
two general issues. First, are prices more volatile before or after the introduction of spot 
market pricing? Second, has the change in pricing regime had a significant effect on the 
price? The first issue is similar to the analyses performed by Slade [2] and [3] and 
Figuerola-Ferretti and Gilbert [4]. Their analyses focused on comparing prices determined 
under the two pricing systems in order to assess the consequences of price volatility. 
However, given that long term contracts and spot market prices for iron ore co-existed for 
only a short period, comparing both producer and market prices simultaneously cannot be 
performed. Volatility will rather be analysed for the separate pricing regimes. The second 
issue is related to economic theory, and we will econometrically estimate iron ore prices in 
order to analyse the effect on iron ore prices from the change in pricing regime. 
The paper proceeds as follows, the next section will investigate if volatility has increased 
after the change in pricing regime on the iron ore market. The following section will focus 
on answering the question regarding if the change in pricing regime has had a significant 
effect on the iron ore price, both using structural breaks and a reduced regression model. 
Thereafter a section of the paper questions the previously used prices, and repeats the 
previously performed results with a new calculated price series. In the last section some 
concluding remarks are done. 
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VOLATILITY AND PRICING REGIME 
The quantitative analysis of iron ore prices is performed between January 2003 and 
August 2012. The reason for the chosen time period is that this period includes both 
pricing regimes, i.e., both a dominating use of long term contracts and a dominating use of 
spot market pricing. The price series can thus be divided in two subsections: before and 
after the introduction of spot prices. The price data are monthly prices of Chinese imported 
iron ore fines (62% FE spot CFR Tianjin port) presented in US$ per metric ton presented 
by the International Monetary Fund (IMF). The price series thus represents import prices 
where the cost of transportation is included. Figure 1 presents the nominal and real iron 
ore prices. An inspection of Figure 1 leads to two prior conclusions. First, producer prices 
are more stable than spot prices. Second, the price level has increased after the 
introduction of spot market prices, however not as much for the real price series. 

 
Figure 1: Iron ore prices in US$ per metric tonne 2003-2012 

Table 1 shows the test statistics for the price series that are under observation, both for 
nominal and real prices.2 The first part of the table presents the descriptive statistics of the 
nominal price series, and the second part presents the equivalent for the real price series 
which represents iron ore prices after removing the general price rise that has occurred on 
commodity markets. It is obvious that the variance, i.e., a measure for how far a set of 
numbers is spread from the calculated mean, for the nominal price series is very high.3 
When dividing the price series in two sub-periods, the first between January 2003 to 
November 2008, and the second between December 2008 and August 2012,4 the 
variance for the nominal price series is reduced markedly. It is noted that the variance is 
significantly lower for the time period when producer pricing was dominant. When 

                                            
2 The real price series is constructed by using the IMF commodity price index (including both fuel and non-
fuel price indices) using 2005=100. The motivation for using a commodity price index (rather than a 
consumer price index) when deflating the nominal iron ore price series is to analyse iron ore prices after 
subtracting the general price rise that has occurred on commodity markets during this time period. 
3 The variance is often used as a measure of how stable a time series is, as it explains the variation of the 
series to the calculated mean.  
4 The motivation for the chosen break date (December 2008) is that this is about the time when the long 
term contract pricing was abolished in favour of spot market pricing. This is further when the price series 
under inspection started to report the spot market prices instead of the contract prices. The separate time 
periods are thus named after the dominating pricing mechanism, i.e., producer and spot market pricing.  
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examining the real price series, i.e., when using constant 2005 prices, it is obvious that the 
variance in the price series is reduced remarkably compared to the nominal prices. When 
dividing the price series in two subsamples the same conclusion as above holds, i.e., the 
variance for the time period representing producer pricing is significantly lower. 

Variable Obs Mean Std. Dev. Variance Min Max 

Nom Price 116 69.76 55.46 3076.18 13.82 187.18 
Producer 71 31.12 15.32 234.62 13.82 60.80 
Market 45 130.73 38.15 1455.36 59.78 187.18 

Real Price 116 47.69 28.40 806.76 18.34 110.15 
Real prod 71 26.60 5.86 34.30 18.34 52.93 

Real market 45 80.97 14.25 203.17 54.57 110.15 

Table 1: Summary statistics 

A Chow test is performed with the purpose to verify that there is an improvement in the fit 
from dividing the price series in two subsamples (producer and market prices). The 
calculated F-statistic for the nominal price series is 36.9 and the equivalent for the real 
price series is 82.6. Both of these are well above the critical value of F which is 4.79 at  
1 % significance level. This verifies that there is a break in the price series about the time 
when spot prices was introduced on the market. An important conclusion from Table 1 is 
that the price movements have increased considerably after the change in pricing regime 
in December 2008 (the variance has increased about six fold). We can thus answer the 
first general issue, i.e., prices have become more volatile after the introduction of spot 
market pricing. This is however what is expected, both from economic theory which 
stipulates that market pricing is more volatile compared to producer pricing, and also 
regarding what is found in previous studies. 

EFFECT OF PRICING REGIME ON THE PRICE 
To answer the above question a statistical test for endogenous structural brakes in the iron 
ore price series will be performed. This will provide a preliminary indication to whether 
there are reasons to suspect that the change in pricing regime has caused a structural 
break in the price series. It is further of interest to analyse if the statistical test will detect a 
structural break about the time for the change in pricing regime. In a second step a 
reduced regression model is specified, where the monthly iron ore price is assumed to be 
a function of a number of different factors that affects the supply and demand for iron ore. 
A dummy variable for the change of pricing regime will be used, and the results will 
indicate if the change in pricing regime has had a significant effect on the iron ore price 
series during the period 2003-2012. 

Structural breaks in the iron ore price  
In this section the iron ore price series is tested for stationarity and structural breaks. A 
variable is stationary if its mean and variance do not change over time, and non-stationary 
if this assumption does not hold. A non-stationary time series is said to contain a so-called 
unit root, i.e., a process that evolves over time. A structural break in a time series 
represents a change as a result of some unique economic event, e.g., a change in pricing 
regime from long term contracts to spot market pricing. Structural breaks are defined as 
when there is a permanent effect on the pattern of the time series, see Byrne and Perman 
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[5]. Thus, when performing tests for unit root with structural breaks it is possible to identify 
when a break in the time series occurred. Two tests for structural breaks for the iron ore 
price series are performed, the first allowing for one structural break in the series and the 
second allowing for two structural breaks (see Zivot and Andrews [6] and Clemente et al. 
[7]). 
The test chooses a break date where the t-statistics for a break point is at a minimum. This 
is where there is the strongest evidence against the null hypothesis of unit root. For the 
real iron ore price series the null hypothesis of unit root cannot be rejected given a 
minimum t-statistics of -3.95 at October 2008 (critical values: -5.43 at 1% significance level 
and -4.80 at 5% significance level). The result for the nominal price level provides a similar 
result, however the break occurs at October 2009. The result for the real iron ore price 
series clearly confirms a structural break at about the time for the change in pricing 
regime.  
However, it is possible that there is more than one structural break in the price series, 
which is why the Clemente-Montanes-Reyes test for unit root allowing for two breaks is 
performed. There are two versions of this test, one test named Additive Outlier (AO) and 
the other named Innovative Outlier (IO). The differences between these are that the AO 
test assumes that the break occurs rapidly, i.e., allows for a break in the slope of the price 
series. The IO test on the other hand assumes that the break occurs more gradually and 
allows for a break in the intercept and the slope of the price series. Table 2 presents a 
summary of the results for the Clemente-Montanes-Reyes tests. The results provides 
stronger significance for all models assuming that the breaks occurred rapidly, i.e., the AO 
model. Thus, only these results will be discussed. Both the results for the real and nominal 
price series are presented. 

Variable Additive Outlier (AO) Innovative Outlier (IO) 
 Optimal Breaks Min t* Optimal Breaks Min t* 

Nom Price 2007m10 and 2009m12 -2.293 2007m11 and 2009m9 -4.422 
Real Price 2009m1 and 2010m6 -2.473 2008m8 and 2009m9 -4.938 

Table 2: Clemente-Montanes-Reyes test for two structural breaks 

When allowing for two breaks we can see that when using the real iron ore price series the 
result picks up breaks at January 2009 and June 2010. The first of these breaks can be 
related to the change in pricing regime, as this occurred in December 2008. However, it is 
important to note that it is highly likely that a statistical test on a time series, which moves 
from prices changing once per year to prices changing each month, will detect this change 
in the properties of the price series. Furthermore, even though spot prices started in 
December 2008 there still existed a period when long-term contract was still the 
dominating price used. The second break in June 2010 is of more interest. This is the 
month when Vale declares that they will go over to index pricing, and when over 50 
percent of Rio Tinto’s iron ore production is sold based on quarterly prices. Interesting to 
note is that this point in time the real price of iron ore starts to decline. Overall the results 
indicate that the change in pricing regime has caused structural breaks in the price series. 
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Reduced regression model of iron ore prices 
In Figure 1 the iron ore price series (nominal and real) were presented and commented on 
for the period 2003-2012. The development shows a clear upward trend, especially since 
spot market prices were introduced on a broad scale in the end of 2008. The previous 
analysis for structural breaks in the iron ore price series further indicates that there exists a 
structural break in the price series around the end of 2008. However, it is still not clear if 
this change in the price series is due to the change in pricing regime, or perhaps due to 
other events causing large changes in the price series. We are here interested in 
analysing if the change in pricing regime is a cause of higher iron ore prices. An analysis 
of the effects from a change in pricing regime has to control for other effects that has 
influenced the iron ore price during this period. Economic theory on the supply and 
demand of iron ore is used to set up reduced price model for iron ore prices. The reduced 
price model specified is: 

ln Price =  𝛼1 +  𝛼2 ln𝐺𝐷𝑃 𝑔𝑟𝑜𝑤𝑡ℎ 𝐶ℎ𝑖𝑛𝑎 +  𝛼2 ln𝐹𝑟𝑒𝑖𝑔ℎ𝑡 +  𝛼3𝑀𝐷 +  𝜀 (1) 
The iron ore price series that represent the depending variable represents monthly real 
prices of Chinese imported iron ore fines (62% FE spot CFR Tianjin port). The price series 
is retrieved from the International Monetary Fund website. The main impact on the iron ore 
price level is here assumed to be GDP growth in China. We have chosen the GDP growth 
in China, instead of world GDP growth, since we assume that it is mainly the Chinese 
market that has driven the development on the iron ore market for the time period under 
investigation. Monthly GDP data is however difficult to get hold of so presented here is 
quarterly real GDP growth rate in China. A prior assumption is that there is a positive 
relationship between GDP growth in China and the iron ore price, which thus implies that 
when GDP growth in China increases so does the iron ore price. Another important factor 
influencing the iron ore price is the freight rate. Since the cost of freight is included in the 
price (CFR) we expect that an increase of the freight rate implies an increase in the iron 
ore price. This provides the prior assumption of a positive relation between iron ore prices 
and freight rates. The data on freight rates are representative spot freight rates (US dollars 
per ton) from Tubaru in Brazil to Beilun in China (150 000 DWT), from Drewry Shipping 
Consultants, SSY. The data on freight rates were only presented until March 2012, which 
limits the time period analyzed to January 2003 until March 2012. The freight prices is 
further transformed to real prices (2005) using the same commodity price index as for iron 
ore prices. A dummy variable (MD) identifies the introduction of spot market prices in 
December 2008 (with the value 0 before December 2008, and 1 after). The log-linear 
function form implies that the estimated coefficients can be interpreted as elasticities.  
Given that the real iron ore price series is non-stationary (as indicated in the previous 
section) a normal OLS-regression will produce biased estimates and the standard errors 
will be invalid. As non-stationary series are common when analysing time series data, all 
variables that will be included in the econometric analysis have been tested for stationarity. 
The results from the DF-GLS test for unit root when a linear trend is included are 
presented in Table 3.5 The tests are performed on the log of the time series. The optimal 
number of lags is chosen by using the Schwarz Information Criterion (BIC), which is 
commonly used in time series modelling. The results show that all variables tested are 

                                            
5 There are a number of other tests for unit root available, e.g., the Dickey-Fuller test, the Augmented 
Dickey-Fuller test, and the Phillips-Perron test. The DF-GLS test performs a modified Dickey Fuller test 
proposed by Elliott et al. [8]. The DF-GLS test has been proved to have greater power than the previous unit 
root tests, and have thus been chosen here.  
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non-stationary, and thus contain a unit root. This implies that tests for cointegration can be 
performed.  

Variable Opt Lag BIC Test Statistic 5 % CV Conclusion 

Real Price 1 -2.188 -3.018 Unit Root 
GDP growth Ch 3 -2.519 -2.985 Unit Root 
Real Freight BC 2 -2.391 -3.002 Unit Root 

Table 3: DF-GLS test for Unit Root 

Engle and Granger [9] have developed a simple test which detects cointegration between 
non-stationary variables. Cointegration exists if independent non-stationary variables 
together will follow a long-run equilibrium relationship. In order to test for cointegration 
perform a linear regression, and test the resulting residuals for unit root. If the residuals 
from the linear regression contain a unit root, the presence of cointegration cannot be 
confirmed. However, if the null hypothesis of a unit root in the residuals can be rejected the 
variables tested are believed to be cointegrated, and thus follow a long-run equilibrium 
relationship. The regression performed is as specified in equation 1.6 The regression is 
performed with and without the inclusion of a time trend. The results from the above 
specified regression are summarized in Table 4.  

 Model without time trend Model with time trend 
Variable Coefficient t-stat Coefficient t-stat 

Constant 2.27 8.31 -0.01 -0.02 
GDP growth China 0.73 6.83 0.41 3.92 

Freight -0.21 -5.37 -0.16 -4.83 
Market Dummy 1.07 -25.31 0.78 13.38 

Time Trend   0.01 6.55 
R-squared 0.93  0.95  

Table 4: Regression results 

We can see that the results from the linear regression, without a time trend, shows that all 
variables are statistically significant, and almost all have the expected sign. A one percent 
increase of GDP growth in China leads to a 0.73 percent increase in the real price of iron 
ore. However, the results for the freight price variable are not the expected given that an 
increase in the freight rate leads to a decrease in the iron ore price. This is a peculiar 
finding which is difficult to explain. We can further see that the market dummy is highly 
statistically significant, indicating that there is a significant change in the iron ore price due 
to the change in pricing regime. When focusing on the model results from including a time 
trend we get similar results. However it seems likely that the constant in the previous 
regression picked up a time trend effect, given that the constant is no longer statistically 
significant. The results indicate that the iron ore price increases over the time period under 
                                            
6 Variations when using a lagged value of GDP growth in China, assuming that last month’s growth can 
affect this month’s iron ore price, has been performed. Since this variable was not significant these results 
are not presented here. 
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investigation. Furthermore, when including the time trend in the regression the coefficients 
in the regression is somewhat smaller, i.e., the effect from the independent variables 
picked up the change in iron ore price due a general change in time in the regression 
without a time trend variable. However, all the variables are statistically significant and we 
can thus confirm the existence of an effect on the iron ore price due to a change in the 
pricing regime. We can further see that the regressions specified have high explanatory 
power, given by the high R-squared values. 
To test for cointegration the residuals from the regressions are saved and tested for unit 
root. The ADF test for stationarity of the residuals is used and since the residuals are 
centred on zero by construction and thus have no time trend, we do not include an 
intercept or a trend in the ADF test.7 The ADF test statistic is -4.401 for the model without 
a time trend, and -4.404 for the model including a time trend. The given critical values for 
the ADF test can however not be used when testing residuals for unit root, since these are 
based on a standard non-stationary process. Critical value for the Engle-Granger 
cointegration test (with three cointegrating variables) is -3.828 as given in Enders [10]. 
Since the ADF test statistic thus indicate a rejection of unit root in the residual from the 
price model, and thus accepts the alternative hypothesis that iron ore price, GDP growth in 
China, Freight rates when regressed with a market price dummy variable are cointegrated. 
There is thus a long-run equilibrium relationship linking these variables.  
When it is found that the variables are cointegrated, it is possible to perform an error-
correction model (ECM) in order to analyse the short-run adjustments to the long-run 
equilibrium relationship. The error-correction model as presented by Engle and Granger [9] 
and explained in Enders [10] is specified is as follows:8 

∆ln𝑃𝑟𝑖𝑐𝑒 = 𝛼1 ∆ln𝑃𝑟𝑖𝑐𝑒𝑡−1 + α2∆ln𝐺𝐷𝑃𝑡−1 + 𝛼3 ∆ln𝐹𝑟𝑒𝑖𝑔ℎ𝑡𝑡−1 + 𝛼4𝑀𝐷 + 𝛼5𝐸𝐶𝑡−1 (2) 
Thus, the first differenced iron ore price series is regressed on the lagged level of the own 
first difference, the lagged level of first differenced GDP growth in China, the lagged level 
of the first differenced Freight rate, and the market price dummy variable. The error-
correction term is represented by EC in equation 2, and is specified as the lagged 
residuals from the regression of equation 1. The EC term captures the deviation from the 
long-run equilibrium and the coefficient 𝛼5 is often denoted as the speed of adjustment 
term, which indicates how long it takes for the time series to move back to the equilibrium 
level in case of a short-run deviation. The coefficients 𝛼1, 𝛼2, 𝛼3, and 𝛼4 represent the 
short-run counterparts to the long-run solutions in equation 1 (presented in table 4). The 
result from the above specified equation is presented in Table 5. Regressions using up to 
four lagged variables are also performed, but since the significance is greatly reduced in 
these regressions the analysis is focused on the model using only one lagged level of the 
variables (note that the variables are first difference, and thus include one lag already in 
the specification). 
Interesting to note is that all variables are statistically significant, at least at the 5 percent 
significance level (as is indicated by the probability result). Thus, all the short-run response 
parameters are statistically significant. The result of a price change in iron ore prices the 

                                            
7 The ADF test is used, instead of the DF-GLS test, since critical values when analysing residuals are 
developed for the ADF test. 
8 There are a number of different ECM models to perform, where the Johansen vector ECM often is used 
when there is more than one cointegrating equation involved, see Johansen [11]. However, for the purpose 
here the more straight forward procedure presented by Engle and Granger [9] is used after tests for the 
number of cointegrating equations is performed (i.e., the rank of the model), as the results identified that 
there is only one cointegrating vector in the model analysed. 
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preceding time period is adjusted for by 26 percent in the following time period. The results 
for the GDP growth and freight rate have though not the expected sign, i.e., the short run 
effect of these seem to have a negative effect on the iron ore price. This result is difficult to 
explain. The speed of adjustment parameter implies that a deviation from the long-run 
equilibrium for the independent variables in the preceding time period is adjusted for by  
27 percent in the iron ore price the following month. We can thus confirm a convergence to 
a long-run equilibrium relationship in case of short-run deviations. In short, iron ore prices, 
GDP growth in China and freight rates are cointegrated when regressed together with a 
dummy variable that captures a change in the time series due to the change in pricing 
regime. All econometric model results show that the market dummy variable is significant, 
and thus it is once again confirmed that iron ore prices seem to be affected by a change in 
pricing regime. 

Variable Coefficient t-stat P>t 

∆ Price t-1 0.26 2.54 0.012 
∆ GDP t-1 -0.08 -2.08 0.040 

∆ Freight t-1 -0.10 -2.09 0.039 
Market Dummy 0.19 2.13 0.035 

EC t-1 -0.27 -3.24 0.002 
R-squared 0.17   

Table 5: Error-Correction Regression results 

HAS VOLATILITY REALLY INCREASED? 
The previous section were based on price series of iron ore as represented by IMF, and 
deflated by using a commodity price index. However, we have noted two major issues with 
using this data. The first issue is that the IMF iron ore price series is defined as Chinese 
imported iron ore fines (62% Fe spot CFR Tianjin port) presented in US$ per metric ton. 
However, before November 2008 we seriously doubt that the price series represent CFR 
prices. When analysing this price series it is easy to come to the conclusion that price 
volatility has increased, but this conclusion might be based on erroneous grounds if the 
price series before November 2008 is not including costs for transportation. This is further 
obvious when calculating a new price series by using the benchmark prices (as reported in 
UNCTAD [12]) and adding the cost of spot freight rates to the price series.9 Figure 2 
illustrates this difference, and thus confirms that the analysis performed in the previous 
section is to a large extent based on a price series which does not capture the complete 
picture. The second issue with the previous analysis is that we used a commodity price 
index when deflating the price series, which thus removed a large part (perhaps too much) 
of the price increase of the price series. The analysis here uses a consumer price index, 
calculated for OECD total using 2005=100, when deflating the price series. Thus, only the 
general inflation for the time period is removed from the time series under consideration.10 
A similar analysis as previously will be performed, starting with analysing volatility, and 
then structural breaks, and finally moving on to performing econometric regressions of the 

                                            
9 The new price series represents benchmark prices adding transportation costs until October 2009, since 
this is about the time when most miners have abandoned the benchmark system as the guiding principle. 
10 When deflating the nominal price series using a consumer price index the difference between the price 
series is not as large as in the previous section.  
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reduced price model. The data represents monthly prices between January 2003 and 
August 2012. 

  
Figure 2: Iron ore prices US$/ton, CFR Tijuan port 

Table 6 shows the test statistics for the price series that are under observation, both for 
IMF prices and the new calculated price series (only nominal prices are described, but 
there is almost no difference comparing to the real price series deflated with a general 
consumer price index). When analysing the entire time period it is obvious that the 
variance for the new calculated price series is smaller than compared to the IMF price 
series. In order to answer if the volatility has increased after the change in pricing regime, 
the price series have been divided in the same sub-periods as previously for comparable 
reasons. The results for the new price series show that the price level after the change in 
pricing regime is higher, as indicated by the calculated mean. However, when comparing 
the first period with the IMF price series it is obvious that the new price level is higher (the 
new mean is 75 US$ compared to 31 US$ for the IMF price series). When comparing the 
variance for the two time periods for the new price series it is interesting to note that the 
variance is higher for the time period before the change in pricing regime. Thus, the 
conclusion from the previous section i.e., that the price volatility has increased after the 
change in pricing regime, does not hold for the price series that includes the cost of freight 
also for the time period prior to the change in pricing regime. 

Variable Obs Mean Std. Dev. Variance Min Max 

IMF Price 116 69.76 55.46 3076.18 13.82 187.18 
2003m1-2008m11 71 31.12 15.32 234.62 13.82 60.80 
2008m12-2012m8 45 130.73 38.15 1455.36 59.78 187.18 

New Price 116 98.26 45.03 2027.83 29.63 187.20 
2003m1-2008m11 71 75.41 35.82 1282.93 29.63 179.41 
2008m12-2012m8 45 134.30 32.99 1088.53 72.92 187.20 

Table 6: Summary statistics 
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The results from the Zivot-Andrews test for unit root allowing for one endogenously 
determined structural break reveal that for the real iron ore price series the null hypothesis 
of unit root cannot be rejected given a minimum t-statistics of -3.66 at September 2008 
(critical values: -5.43 at 1% significance level and -4.80 at 5% significance level). The 
result for the nominal price is almost identical, i.e., a t-statistics of -3.67 at September 
2008. The result for the new iron ore price series thus clearly confirms a structural break 
about the time for the change in pricing regime.11 When allowing for two breaks the 
Clemente-Montanes-Reyes test first detect breaks at June 2007 or January 2007, and in 
second in November 2009 or May 2010. The first of these breaks (in 2007) can be related 
to the sharp rise in transportation costs that started about this time (rather than the change 
in pricing regime). The second break occurs at the end of 2009 or May 2010. About this 
time, most of the iron ore volumes were traded on the spot markets, and it can thus be 
assumed that the test for structural breaks detects this. Overall the results indicate that the 
change in pricing regime has caused a structural break in the price series, but the analysis 
is not as clear as previously since one structural break is detected due to the sharp rise in 
transportation costs. 
We are further interested in analysing if the change in pricing regime is a cause of higher 
iron ore prices using the new price series. The reduced price model specified is as in 
equation 1. The iron ore price series that represent the dependent variable represents 
monthly real prices of Chinese imported iron ore fines (62% FE spot CFR Tianjin port). 
The price series is calculated using benchmark prices of Carajas fines, adding 
transportation cost between Brazil and China. The main impact on the iron ore price level 
is once again assumed to be GDP growth in China. Another important factor influencing 
the iron ore price is the freight rate. Given that freight rates are included in the price series 
it is expected that a higher freight rate implies a higher iron ore price. This provides the 
prior assumption of a positive relation between iron ore prices and freight rates. The data 
on freight rates are representative spot freight rates (US dollars per ton) from Tubaru in 
Brazil to Beilun in China (150 000 DWT), collected from Drewry Shipping Consultants, 
SSY. The freight prices is further transformed to real prices (2005) using the same 
consumer price index as for iron ore prices. A dummy variable (MD) identifies the 
introduction of spot market prices in September 2008 (with the value 0 before September 
2008, and 1 after).12 The log-linear function form implies that the estimated coefficients 
can be interpreted as elasticities.  
The results from the DF-GLS test for unit root when a linear trend is included are 
presented in Table 7. The tests are performed on the log of the time series. The optimal 
number of lags is once again chosen by using the Schwarz Information Criterion (BIC). 
The results show that all variables tested are non-stationary, and thus contain a unit root. 
This implies that tests for cointegration can be performed. 

Variable Opt Lag BIC Test Statistic 5 % CV Conclusion 
Real Price 1 -2.462 -3.010 Unit Root 
GDP growth Ch 3 -2.473 -2.978 Unit Root 
Real Freight BC 2 -2.118 -2.995 Unit Root 

Table 7: DF-GLS test for Unit Root 

                                            
11 This can be compared to previously when October 2008 was chosen by the Zivot-Andrews test for one 
structural break when applied to the real IMF price series. 
12 The chosen market dummy break is the date detected by the Zivot-Andrews test for one structural break. 
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The Engle and Granger two step procedure is applied in order to test for cointegration. The 
regression performed is as specified in equation 1, but variations on including a lagged 
variable of GDP, a time trend variable and a market dummy variable are performed. The 
results from the regressions are summarized in Table 8. Starting with the results from the 
OLS regressions without including a time trend variable we can see that the results are 
mostly significant, and with the expected sign. GDP growth in China the previous month 
has a strong and positive impact on the iron ore price. Furthermore, if the freight price 
increases the price of iron ore increases as well, which is expected given that the freight 
price is included in the iron ore price. The market dummy variable is also positive, and 
highly significant, indicating that the iron ore price is affected by a change in pricing 
regime. 
However, turning the attention to the model including a time trend we can see that this 
conclusion is altered. Now, the market dummy variable is no longer significant but the time 
trend variable is highly significant and positive. The results indicate that the iron ore price 
increases over the time period under investigation, and that the market dummy variable 
previously picked up this general increase over time. The explanatory power of these 
regression models is high, given that 91 and 77 percent of the variation of the iron ore 
price is explained. However, looking at the Durbin Watson statistics we notice that the 
models indicate strong positive autocorrelation (Durbin and Watson [13]). We therefore use 
a generalized least-squares method to estimate the parameters, where the errors are 
assumed to follow a first-order autoregressive process, according to the Prais-Winsten 
method (Prais and Winsten [14]). 

 OLS regression GLS regression 
Variable Time trend No time trend Time trend No time trend 
Constant -4.28 

(-10.67) 
0.15 

(0.68) 
-4.60 

(-4.93) 
2.37 

(5.40) 
GDP growth China -0.16 

(-0.88) 
-0.16 

(-0.55) 
0.11 

(1.09) 
0.10 

(1.03) 
GDP growth (t-1) 0.73 

(3.93) 
1.22 

(4.20) 
0.36 

(3.78) 
0.35 

(3.59) 
Freight 0.27 

(8.15) 
0.45 

(9.07) 
0.29 

(8.96) 
0.29 

(8.89) 
Market Dummy 0.10 

(1.47) 
0.91 

(18.90) 
-0.04 

(-0.55) 
-0.03 

(-0.47) 
Time trend 0.01 

(13.16) 
 0.01 

(7.74) 
 

R-squared 0.91 0.77 0.78 0.58 
DW-stats 0.38 0.42 1.55 1.57 

Table 8: Regression results  

The results from the GLS regression is similar to the OLS regression results, confirming 
that the GDP growth in China last month has a positive and significant effect on the iron 
ore price this period. Furthermore, the freight is still positive and highly significant. 
However, the market dummy variable is not significant in any of the tested models, i.e., 
both when including a time trend variable and when not.  The Durbin-Watson statistics are 
improved but there is still evidence of positive autocorrelation in the transformed 
regression models. To test for cointegration the residuals from the regressions are saved 
and tested for unit root. The ADF test statistic is -2.846 for the model without a time trend 
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variable, and -2.516 for the model including a time trend variable. Critical value for the 
Engle-Granger cointegration test (with three cointegrating variables) is -3.828 as given in 
Enders [10]. Thus, the ADF test statistics cannot confirm that the variables are 
cointegrated. However, when performing a Johansen test for cointegration, one 
cointegrating relationship between the variables are found. Therefore, the error-correction 
model has been performed, specified as in equation 2 and the result is presented in Table 
9.  
The results from the short run dynamic model, without including a time trend variable, 
indicates that the effects from changes in GDP has a significant impact on iron ore prices 
even in the short run. However, in this model the speed of adjustment term is not 
statistically significant, indicating that there is no adjustment in the short run to the long run 
equilibrium relationship. Turning to the model with a time trend we can see that the results 
are similar, i.e., GDP have the strongest impact on iron ore prices in the short run. 
Furthermore, now we can see that there is an adjustment to the long run equilibrium level 
given that the EC coefficient is statistically significant. The speed of adjustment parameter 
implies that a deviation from the long-run equilibrium for the independent variables in the 
preceding time period is adjusted for by 18.5 percent in the iron ore price the following 
month. We can thus confirm a convergence to a long-run equilibrium relationship in case 
of short-run deviations. In short, iron ore prices, GDP growth in China and freight rates 
seem to be cointegrated when regressed together with a dummy variable that captures a 
change in the time series due to the change in pricing regime and a time trend variable. 
The market dummy variable is however not statistically significant, indicating that the iron 
ore price series is not influenced by the change in pricing regime. 

 No time trend Time trend 
Variable Coefficient t-stat Coefficient t-stat 

∆ Price t-1 0.169 1.41 0.200 1.67 
∆ GDP t-1 0.350 2.72 0.343 2.74 

∆ Freight t-1 0.025 0.45 0.011 0.20 
Market Dummy -0.003 2.13 -0.020 -1.08 

Time trend   0.00003 1.38 
EC t-1 -0.059 -1.37 -0.185 -2.66 

R-squared 0.13  0.19  
DW 1.83  1.81  

Table 9: Error-Correction Regression results 

CONCLUSIONS 
This paper performs a quantitative analysis of iron ore prices. The analysis is focused on 
two general issues. First, are prices more volatile before or after the introduction of spot 
market pricing? Second, has the change in pricing regime had a significant effect on the 
price? When analysing the IMF iron ore price series, the results for the first issue show 
that the price series are more volatile after the introduction of spot market prices. 
Regarding the second issue the results show that iron ore prices, GDP growth in China 
and freight rates are cointegrated when regressed together with a dummy variable that 
captures a change in the time series due to the change in pricing regime. The results 
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further confirm a convergence to a long-run equilibrium relationship in case of short-run 
deviations. In short, the econometric model results using the IMF price series presented in 
Figure 1 show that the market dummy variable is significant, and thus indicates that iron 
ore prices are affected by a change in pricing regime. The answer to the second issue is 
thus that the change in pricing regime has had a significant effect on the iron ore price 
series. However, there are some results that are difficult to explain, e.g., a negative 
relation between iron ore prices and GDP growth in China when analysing the error 
correction model. 
The price series presented by IMF clearly moves from yearly negotiated prices to spot 
market prices (weekly), which makes it easy to come to the conclusion that the volatility of 
the price series has increased after the move to spot market pricing. However, when 
analysing the situation from a consumer point of view (i.e., the imported price), it is obvious 
that there has been volatility in the transportation cost market which has affected the 
volatility for the consumer. A finding when using a new price series that includes the 
transportation costs is actually that the volatility for the imported iron ore price has 
decreased after the change in pricing regime. An explanation for this result is that 
transportation costs increased substantially in 2007 and 2008 affecting the total costs for 
consumers. The other conclusion regarding the impact on the iron ore price from a change 
in pricing regime is also questioned when analysing the new price series. The results from 
the econometric regressions do not find support for that the market dummy variable has 
had a significant effect on the price level. Thus, we cannot conclude that the iron ore price 
(including the cost of transportation) has been affected by the change in pricing regime. 
The single most important impact on the iron ore price, both in the long run and in the 
short run, stems from GDP growth in China. 
To conclude, we do not find support for our prior belief that the volatility of the iron ore 
price would increase after the change in pricing regime in 2009. The main explanation for 
this is that the transportation cost increased considerably prior to the change in pricing 
regime. The increase in transportation costs can therefore be seen as one of the main 
drivers behind the change in pricing regime. Furthermore, it is not confirmed that there is a 
significant impact on the price series due to the change in pricing regime. Overall, the main 
driver of the iron ore price in our regressions is the GDP growth in China.  
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