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Abstract 

Impact of iron ore freight rate fluctuation on mining industry, steel enterprises and ship 
chartering are important. Using ARIMA and taking the iron ore freight rate from port 
Tubarao to port Ningbo as an example, with the help of Eviews 10, the historical time 
series data from January 2005 to October 2019 was preprocessed, modeled and tested, 
then obtain the ARMA (1,1), a freight rate model with good fitting effect. And the iron ore 
freight rate of the route was predicted in a short term, the results shows that half year 
rate will show a slow growth trend in the range of $21.29-23.35 per ton. 
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1. Research Background 

With the change of supply and demand in iron ore market, steel market and ship chartering market, 

the freight rate of iron ore also changes. However, freight rates are of great significance to these 

enterprises, which may affect their short-term development plans or even their medium-term market 

strategies. So, it's necessary to forecast freight rates. Generally speaking, it can be predicted from two 

dimensions of influencing factors or time series. There are many factors influencing the freight rate 

of iron ore. In addition to the changes in supply and demand in the three typical markets mentioned 

above, there are also national reserve policies and international trade environment, and even random 

factors such as the mining accident and fire in the world's three iron ore giants in 2019, as well as bad 

weather and strikes, this is a very complicated system. In addition, although the freight rate fluctuates 

in the short term, it is generally stable in a long time, thus, faced the uncertain supply and demand, it 

is meaningful to adopt the time series method and make short-term forecast, so ARIMA model was 

considered. 

2. Introduction 

2.1 ARIMA 

ARIMA model is the abbreviation of autoregressive integrated moving average model. It is a common 

and high precision short-term time series prediction method. It was put forward by George Box and 

Gwilym Jenkins in the 1970s. It is also called box Jenkins model. The main idea is to arrange the 

historical data of the predicted target into time series according to the order of time, and to form a 

group of time-dependent random variables. Although the single value of the sequence is uncertain, 

the change of the whole sequence has certain regularity and thus the future value of the target can be 

predicted by using this law which can approximately express the change with time. 
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There are many researches on ARIMA model. Zhu and Wei applied ARIMA and SVM to predict the 

price of carbon dioxide. It is not only the prediction in the economic field, but also used in many 

fields such as medicine [2], stock market [3], meteorology [4], agriculture [5], etc. In recent years, in 

order to get a more accurate result or solve some problems more appropriately, scholars gradually 

combine the new technology or other disciplines with the traditional time series model, such as BP 

neural network [6]. In addition, some people apply the idea of signal analysis in ARIMA. 

2.2 Modeling Principle 

ARIMA consists of AR, I and MA, which represent auto expression, integration and moving average. 

It can be seen that ARIMA model is actually a combination of AR model and MA model. 

The formula of AR (p) is 

 𝑥𝑡 = 𝑐+ 𝛼1𝑥𝑡−1 +𝛼2𝑥𝑡−2 +⋯+𝛼𝑝𝑥𝑡−𝑝+ 𝜀𝑡, (1) 

x. is the value of freight rate at each time, c is a constant, α. is the coefficient of each lag, p is the lag 

of autoregression, 𝜀𝑡 is a white noise sequence with mean value of zero and variance of constant. 

The formula of MA (q) is 

 𝑥𝑡 = 𝑐+ 𝜀𝑡+𝜃1𝜀𝑡−1 +𝜃2𝜀𝑡−2 +⋯+ 𝜃𝑞𝜀𝑡−𝑞, (2) 

I is the lag of the moving average, and 𝜃∙ is also the coefficient of each lag. The rest is the same as 

above. 

The formula of ARMA (p, q) is 

 𝑥𝑡 = 𝑐+ 𝛼1𝑥𝑡−1 +𝛼2𝑥𝑡−2 +⋯+𝛼𝑝𝑥𝑡−𝑝+ 𝜀𝑡+𝜃1𝜀𝑡−1 +𝜃2𝜀𝑡−2 +⋯+ 𝜃𝑞𝜀𝑡−𝑞. (3) 

ARIMA and ARMA are essentially the same that both of them use present value and historical value 

to predict the value of future, meanwhile eliminate the accumulation of random errors in the 

prediction process. The difference is whether the original time series is stable or not. ARMA model 

requires the sequence to be stable, so it is necessary to do differential processing for the unstable time 

sequence to convert it into a stable one, and then use ARMA to model. Therefore, the model 

established according to the unstable time sequence is ARIMA (p, d, q), d represents the number of 

differences. 

2.3 Stationarity Test 

When applying time series models, the time series are required to be stable. Therefore, the first step 

is to test the stability of the time series. In addition to the intuitive feeling of the eyes, the more 

commonly used and strict statistical test method is ADF test, that is, to judge whether there is unit 

root in the series. The original hypothesis of ADF test is that there is a unit root. Generally, if the 

value of obtained statistic is less than the critical value of the 5% confidence level, then there is no 

unit root corresponding to 95% confidence to reject the original hypothesis, which means that the 

sequence is stable. 

2.4 Establish the Model 

The key of ARIMA modeling is to determine the lags, that is, to determine p and q. Generally, the 

possible values of p and q are initially determined by observing the tailing and truncation features of 

PACF and ACF obtained by correlation test, and then the model is basically determined by comparing 

the model features under various parameter combinations, including AIC, SC, BIC and the Adjusted 

R2. Finally, in order to ensure that information is extracted as fully as possible, it is also required that 

the residual sequence passes the correlation test, and the modeling of ARIMA is not finished until 

this step. 
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3. Example Analysis 

3.1 Data Presentation 

The historical data of iron ore shipping freight rate of the Tubarao-Ningbo route from January 2005 

to October 2019 were collected and a complete time series was formed. The data came from Xiben 

New Line Database. 

3.2 Data Preprocessing 

 

Fig. 1 Time series plot 

It can be known from the Fig.1 made from the time series data that the original series does not have 

seasonality, and the mean value is relatively stable, so it can be preliminarily considered that the 

series is stable. For the sake of caution, it is essential to judge its stability, then used Eviews to carry 

out ADF test. Fig. 2 shows that the value of t-statistic is -3.139, which is less than the critical value 

of -2.878 at the level of 5%, and the value of prob.* is less than 0.05, so the time series can be 

considered as a stationary one, so there is no need for difference. 

 

Fig. 2 ADF test result 

3.3 Modeling 

3.3.1 Model Recognition 

The autocorrelation test of the sequence shows that the original sequence is not a white noise sequence, 

which shows that there is a law of extractable information in the sequence, thus the original sequence 

is a stable and non-white noise sequence, which is suitable for building ARMA model. 

According to Fig. 3, the ACF of the time series is tailed. After the first step, the PACF rapidly drops 

to the vicinity of the double standard deviation, and then falls to within the borderline from the second 

step, but the fifth step slightly exceeds it and then steadily falls back. According to the general 

experience and caution, it is reasonable that the possible value of p may be [1, 2, 5], and the q may 

be 0 or 1, thus the model may be AR (1), ARMA (1, 1), AR (2), ARMA (2, 1), AR (5) and ARMA 

(5, 1). 



 

 

133 

International Core Journal of Engineering 

ISSN: 2414-1895 
Volume 6 Issue 3, 2020 

DOI: 10.6919/ICJE.202003_6(3).0024 

 

Fig. 3 Correlation test result 

In addition, it can be proved according to Fig. 2 that the series can be considered stable at 95% 

confidence level, but it can be considered unstable at 1% confidence level. The effect of ARIMA 

established after one difference is not as good as the ARMA (1, 1). 

Table 1 Evaluation indicators of alternative models 

Model Adjusted R2 AIC SC 

(1, 0) 0.878 6.565 6.618 

(1, 1) 0.889 6.48 6.552 

(2, 0) 0.709 7.436 7.49 

(2, 1) 0.88 6.554 6.625 

(5, 0) 0.383 8.188 8.242 

(5, 1) 0.745 7.312 7.383 

 

 

Fig. 4 The modeling results 

According to the adjusted R2 and information criterions, and combined with the habit of model 

simplification as much as possible, it can be seen from Table 1 that ARMA (1, 1) has the best fitting 

effect and AIC and SC are the smallest among the alternative models. In addition, according to Fig. 

4, the DW statistic of the model is very close to 2, and the probability of F statistic is almost zero, 

which meets the accuracy requirements. Therefore, it can be determined that this example is suitable 

for the ARMA (1, 1) model. Therefore, the formula of the model was obtained: 

 𝐹𝑟𝑒𝑖𝑔ℎ𝑡𝑡 = 26.15304 + 0.895985𝐹𝑟𝑒𝑖𝑔ℎ𝑡𝑡−1 + 𝜀𝑡 +0.345391𝜀𝑡−1            (4) 
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3.3.2 Residual Test 

The residual test of ARMA (1, 1) was carried out and the test result in Fig. 5 shows that most of the 

lags are within the double standard deviation, and the residual is a white noise sequence, indicating 

that ARMA (1, 1) model has fully extracted the data information. 

 

Fig. 5 Residual correlation test 

3.3.3 Hypothesis Test 

Table 2 shows that the three common statistical error index values of ARMA (1, 1) are very small 

which means the model could hold error to a minimum, and according to Fig. 6, the two curves 

representing the actual observation value and the predicted value are basically consistent in the whole 

duration, which proves the high accuracy of ARMA (1, 1) in this case. 

Table 2 Statistical error index 

Error Index Value 

MAE 4.103 

MAPE 17.424 

Theil Inequality Coefficient 0.096 

 

 

Fig. 6 Fitting effect 

3.4 Forecast and Analysis 

According to formula (4) and time series data, the sea freight rate of iron ore from Tubarao to Ningbo 

after October 2019 could be predicted. Considering ARMA (1, 1) is suitable for short-term prediction, 
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it was decided to set the prediction period from November 2019 to April 2020. The results is shown 

in Table 3: 

Table 3 Predictive value from November 2019 to April 2020 

Month Predictive value 

Nov-19 21.29 

Dec-19 21.79 

Jan-20 22.24 

Feb-20 22.65 

Mar-20 23.02 

Apr-20 23.35 

It is obvious that the iron ore freight rate of the route will show a slow growth trend in the short term, 

probably in the range of $21.29 ~ 23.35 per ton, with an average growth of 61.4% compared with the 

same period last year. It is far away from the historical high level caused by irrational market behavior 

and other factors, while the segment shipping market will show signs of slow recovery, combined 

with the overall freight rate level of more than ten years. 

4. Conclusion 

China is the largest iron ore importer in the world, while Brazil is the only iron ore exporter after 

Australia. It is of great significance for the global iron ore trade market, steel supply market and 

Capesize ship chartering market to predict the iron ore shipping price between the two countries. 

ARIMA model, as a common time series prediction model, has the advantages of high precision and 

small amount of data. 

According to the historical freight rate data of Tubarao-Ningbo iron ore from January 2005 to October 

2019, the unit root test and autocorrelation and partial autocorrelation chart of Eviews were used to 

test the stability and identify the parameters of the time series, and then the optimal model was 

determined through the goodness of fit and information criteria, and finally ARMA (1,1) was 

established through the residual correlation test and fitting test. In addition, the effect of the error 

index of the model is good, and the observation value in the observation period is very close to the 

prediction value of the model, which shows that the model is very effective. Finally, the model was 

used to predict that the iron ore freight rate of the route from November 2019 to April 2020 will show 

a slow growth trend in the range of $21.29-23.35 per ton, which has certain reference value for iron 

ore trade, ship chartering and steel market of China. 
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