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Abstract 

In this paper, the problem of Qinhuangdao steam coal price forecast is studied. Because 
of many influencing factors and huge amount of data, the multiple linear regression 
model is used to fit the seven influencing factors. Using ARIMA model, the multiple linear 
regression equation is combined with autoregressive model. By using the analytic 
hierarchy process, taking the sudden drop of temperature as an example, this paper 
analyzes the changes of the influence of four main factors on the price. 
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1. Introduction 

The so-called coal price formation mechanism should be based on the market allocation of 
resources, by means of improving the effective government macro-control, through the 
establishment of a scientific price index conducive to the optimization of industrial structure 
and the sustainable development of the industry, a complete cost accounting framework and a 
complete market trading system, to guide the rational production, circulation and consumption 
of coal pricing and price adjustment system. From the macro level, there are no more than two 
ways to form the coal price: the first is the price determined by the relationship between market 
supply and demand, and the second is the price formed by the state intervention. The 
determination of the coal price to a certain extent reflects the relationship between the market 
and the government in this field. 

In recent years, the United States, South Africa, Germany, the United Kingdom and other coal 
producing countries have carried out fruitful exploration and practice in the market-oriented 
reform of the industry, especially in the market-oriented reform of power coal, forming a 
unique and more reasonable coal price formation mechanism. First, the United States mainly 
relies on market forces; Second, South Africa: coal power "price linkage" needs approval; Third, 
Germany: taking into account the cost of power generation and the interests of consumers; 
Fourth, the UK: the government does not directly intervene in the coal electricity market. 

At present, China's coal price marketization mechanism reform has entered a new stage, the 
macro policy level has determined the coal price marketization mechanism, and the electricity 
coal price marketization reform is in full swing. However, although the current macro policy 
once again makes it clear that the price of power coal is determined by both the supplier and 
the demander through negotiation, many aspects are still planning to intervene in the price of 
power coal by administrative means and engage in "coal electricity price linkage" of 
administrative actions. In fact, the market-oriented reform of coal price mechanism will not be 
carried out overnight, and will be troubled by many factors such as concept, system and so on. 

As the basic energy, the soaring price of coal not only makes the coal power plant overburdened, 
but also has a certain impact on the steel, fertilizer, cement, heat and other industries and 
residents in China 
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From the perspective of negative impact, coal prices rose sharply, production costs of power, 
steel and non-ferrous metals, chemical fertilizer, cement, heat and other industries with large 
amount of coal increased, economic benefits of enterprises declined, and losses of some 
enterprises increased, especially in the power and steel industries. Moreover, the four major 
industries of electric power, iron and steel, building materials and chemical industry are closely 
related to the operation of macro economy, which account for about 85% of China's coal 
consumption in the past three years. With the rapid development of China's economy, the coal 
consumption of these four industries is increasing. In this sense, the coal price has a long-term 
upward trend. The essence of coal price rise is the embodiment of its own scarcity. First of all, 
the characteristics of coal as a commodity are analyzed from the two aspects of supply and 
demand. In the aspect of supply, coal is a one-time energy with non renewable, which 
determines that its total supply is fixed. In terms of demand, in view of China's situation of rich 
coal and poor oil and rapid development, coal is worthy of the energy cornerstone. On the road 
of China's rapid development, economic and political factors jointly determine China's huge 
coal demand. 

Compared with foreign developed countries, the production level of China's coal industry is still 
very backward. The rise of coal price also has some positive effects, such as: it is conducive to 
the Department to update the equipment and improve the production conditions of the mining 
area; It is beneficial to increase the welfare investment of workers and increase the 
compensation for occupational risks; It is conducive to increase the strength and investment of 
safety production training, and ensure the good and fast development of coal production.  

Coal is a kind of bulk commodity, its price is not only affected by the domestic coal market, but 
also regulated by the relevant state departments. In addition, travel mode, climate change, 
international coal market, energy consumption and other factors will also affect coal prices. 
Therefore, it is very important to study the factors that affect the coal price and predict the coal 
price for the stable development of the coal market. 

Due to the relevant factors and emergencies may have a significant impact on the coal market 
and national economy, how to analyze the impact of different factors on coal prices, how to 
accurately predict the future trend of coal prices, and put forward reasonable suggestions for 
relevant government departments are the focus of this paper. Taking the steam coal price of 
Qinhuangdao port as an example, this paper studies the influencing factors of coal price, 
forecasts its price, provides the basis for the price arrangement of Qinhuangdao coal market in 
the future, and puts forward countermeasures for the relevant departments to better support 
the industry, so as to achieve the goal of stable development of the coal market in the future. 

2. Data sources and assumptions 

In order to facilitate the solution of the problem, the research process and conclusion of this 
paper are based on the following assumptions: (1) the data statistics period of thermal coal 
industry is not affected by natural disasters, financial crisis and other factors,(2) Suppose that 
in addition to the selected factors, the effect of other factors can be ignored,(3) The selected 
factors are two independent quantities, and the adjustment measures taken for some indicators 
will not affect other indicators. 

3. Symbol description 

In order to solve the problem conveniently, the following symbols are given in this paper. 
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Table 1. Symbol 
Serial number Symbol Symbolic meaning 

1 R1 Transportation cost 
2 R2 Coking coal price 
3 R3 International price of steam coal 
4 R4 Inventory of steam coal 
5 R5 Crude oil price index 
6 R6 Temperature 
7 R7 Daily consumption of coal mine 
8 Y Price of steam coal in Qinhuangdao 
9 𝑦𝑡 Forecast price of steam coal 

 

4. Prediction of coal price based on ARIMA model 

4.1. Research ideas 

Through quantitative analysis, seven indexes affecting coal price are selected, and each index is 
standardized. By using multiple linear regression equation, the coefficients of different 
influencing factors, that is, the influence degree, are calculated and sorted. 

Based on the historical price of steam coal in Qinhuangdao, combined with the coal throughput, 
transfer in quantity, social electricity consumption and the influence of temperature on the 
price of steam coal in Qinhuangdao, a coal price prediction model is established. Through the 
historical price of steam coal in Qinhuangdao port, a traditional time series model can be 
constructed. The obtained multiple regression model is brought into the time series model to 
construct a multiple time series model, and then the multiple linear regression equation is 
combined with the autoregressive model by using the multiple time series model. 

4.2. Research method 

4.2.1. Multiple linear regression 

In order to analyze the main factors influencing the price of Qinhuangdao steam coal, seven 
indexes related to the price of Qinhuangdao steam coal are preliminarily screened through 
literature research. Taking Qinhuangdao steam coal price as dependent variable y, 
transportation cost, coking coal price, international price of steam coal, stock of steam coal 
depot, crude oil price index, temperature and daily consumption of coal mine as independent 
variable R1,R2,R3,R4,R5,R6,R7 Multiple linear regression equation was established. 

Y = 𝛽0 + 𝛽1𝑅1 + 𝛽2𝑅2 + 𝛽3𝑅3 + 𝛽4𝑅4 + 𝛽5𝑅5 + 𝛽6𝑅6 + 𝛽7𝑅7 + 𝜀 

Where Ri(i=1,2,...,7) is the selected influencing price index, 𝛽𝑖 (i=1,2,...,7) is the coefficient 
corresponding to the price index, 𝜀 Represents the random error term. 

 

Table 2. Coefficient value 

Model Variable 
Nonstandardized coefficient Standardization coefficient   

B Standard error Beta t Significance 

1 
(Constant) 677.435 12.060  56.171 0.000 

R7 -3.107 0.245 -0.875 -12.660 0.000 

2 

(Constant) 419.788 28.416  14.773 0.000 

R7 -2.049 0.186 -0.577 -11.040 0.000 
R2 0.170 0.018 0.490 9.377 0.000 

3 

(Constant) 417.150 25.747  16.202 0.000 

R7 0.976 0.358 -0.275 -2.726 0.009 
R2 0.182 0.017 0.525 10.836 0.000 

R4 0.107 0.032 -0.310 -3.394 0.001 

4 

(Constant) 426.387 24.613  17.323 0.000 

R7 -0.617 0.366 -0.174 -1.685 0.049 
R2 0.170 0.017 0.490 10.259 0.000 

R4 0.116 0.030 -0.336 -3.863 0.000 

R6 0.578 0.226 -0.138 -2.561 0.014 
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According to the ordinary least square method, that is, to minimize the square sum of residuals 

𝑄 = ∑(𝑦 𝑖 − �̂�𝑖)2 = ∑(𝑦𝑖 − �̂�0 − �̂�1𝑅1−. . . −�̂� 𝑖𝑅𝑖)2, so as to obtain the regression equation in 
the 𝛽1, 𝛽2, … , 𝛽𝑖 (i=1,2,...,7). SPSS software is used as a statistical analysis tool to input the 
collected data into SPSS software to process the data of various parameters in the multiple 
regression model. The coefficient values obtained are as Table 2. 

It can be seen from the above table that model 4 can best reflect the linear relationship between 
dependent variables and independent variables, so ignoring the influence of independent 
variables in model 1, 2 and 3, the multiple linear regression equation is as follows: 

Y = 0.170𝑅2 − 0.116𝑅4 − 0.578𝑅6 − 0.617𝑅7 + 426.387 

It can be seen that the influence of R1, R3 and R5 on the price of steam coal is too small, so no 
specific ranking is made. The regression equation coefficient obtained from the table can rank 
the influence degree of R2, R4, R6 and R7 on the price of steam coal. The order of influence 
degree is as follows: 

𝑅7> 𝑅6> 𝑅2> 𝑅4> 𝑅1, 𝑅3, 𝑅5 

4.2.2. ARIMA time series model 

Time series model (ARIMA) is mainly composed of autoregressive model (AR), moving average 
model (MA) and autoregressive moving average model (ARMA). 

The conventional time series model is expressed as: 

𝑥𝑡-𝜑1𝑥𝑡−1-⋯-𝜑𝑝𝑥𝑡−𝑝=𝑎𝑡-Φ1𝑎𝑡−1-⋯ Φ𝑞𝑎𝑡−𝑞 

Where {𝑎𝑡} is the residual sequence, B is the delay factor, the current time value multiplied by 
a delay factor is equal to the previous time value. Autoregressive model, moving average model 
and autoregressive moving average model can be recorded as follows: 

𝜑(𝐵)𝑥𝑡=𝑎𝑡 

𝑥𝑡=Φ(𝐵)𝑎𝑡 

𝜑(𝐵)𝑥𝑡 = Φ(𝐵)𝑎𝑡 

Considering the influence of main factors on steam coal, the multiple linear regression equation 
obtained before is combined with the autoregressive model. 

By 𝑌 = 𝛽0 + 𝛽1𝑋1𝛽2𝑋2+𝛽3𝑋3+⋯+𝛽𝑗𝑋𝑗+⋯𝛽𝑘𝑋𝑘𝑥𝑡 = Φ(𝐵)𝑎𝑡, 𝜑(𝐵)𝑥𝑡 = Φ(𝐵)𝑎𝑡 is the average 

coefficient polynomial of the variable Θ𝑖(𝐵). 

The improved Arima is as follows: 

𝑦𝑡 = 𝜇 + ∑
Θ𝑖(𝐵)

Φ𝑖(𝐵)

𝑘

𝑖=1

𝐵𝑙𝑖𝑥𝑖𝑡 + 𝜀𝑡 

Among μ Is a constant term, K is the order, it's better to change it to P, 𝜀𝑡  is the regression 
residual. The regression residuals were as follows: 

𝜀𝑡 = 𝑦𝑡 − (𝜇 + ∑
Θ𝑖(𝐵)

Φ𝑖(𝐵)

𝑘

𝑖=1

𝐵𝑙𝑖𝑥𝑖𝑡) 

According to 𝑦𝑡  can predict the future price of steam coal in Qinhuangdao port. 

Because the steam coal price in Qinhuangdao port changes greatly with time, and the stability 
is poor, the first-order difference operation is carried out on the historical steam coal price data, 
and the results are as figure 1: 

It can be seen from Figure 1 that the first-order difference has good stationarity and meets the 
stationarity requirements. In order to further check the stationarity of the data accurately to 
predict the stability of the time series model, the residual of the multivariate time series model 
is analyzed. 
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Figure 1. Stationarity test of first order difference 

 

The results of standard residual were as follows: 

 
Figure 2. Standard residual result chart 

 

The verification diagram of normal distribution is as follows: 

 

 
Figure 3. Normal distribution verification chart 
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The red line is the standard normal distribution curve. It can be seen from Figure 3 that the 
model data are stable and meet the normal distribution. Through verification, it can be used for 
time series prediction. The P and Q in ARIMA (P, 1, q) are solved, and the corresponding 
autocorrelation function ACF and partial autocorrelation function PACF images are made by 
MATLAB. 

 
Figure 4. Autocorrelation function and partial autocorrelation function graph 

 

According to figure 4, P = 3, q = 4, ARIMA (3,1,4) was selected as the prediction model. 
According to the weekly price of steam coal in Qinhuangdao given by the government, the 
weekly price of steam coal from May to December in 2020 is predicted through the multivariate 
time series model. Through the interpolation calculation of the predicted weekly price of steam 
coal in May, the predicted daily price of steam coal in May 2020 is obtained. The weekly price 
of steam coal in Qinhuangdao is pretreated, and the average price of steam coal in each month 
in history is calculated. The monthly price of steam coal from May 2020 to April 2023 is 
predicted by multivariate time series model. 

5. Prediction of coal price based on Analytic Hierarchy Process 

5.1. Research ideas 

This paper studies the structural and important changes of the influencing factors of coal price 
caused by emergencies, and gives the prediction results of the model. Through the selection of 
emergencies, the analytic hierarchy process is used to determine the weight change of 
influencing factors, and combined with the previous regression equation, the prediction result 
of coal price is given. 

5.2. Research method 

Because the changes of future factors are uncertain, the structural and importance changes of 
coal price factors caused by emergencies. In the first question, we have determined 
R2,R4,R6,R7,These four factors significantly affect the price of Qinhuangdao steam coal and 
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their influence degree. In this paper, we mainly use the analytic hierarchy process (AHP) to take 
the sudden temperature drop as an example, that is, when the sudden temperature drop occurs, 
the influence degree of these four factors will inevitably change, and obtain the weight of the 
four factors. 

Consult relevant data and establish judgment matrix 

The judgment matrix is 𝐴 = (𝑎𝑖𝑗)𝑛×𝑛
.Obviously, the matrix has the following properties: 

𝑎𝑖𝑗 = 1 

𝑎𝑖𝑗 = 1/𝑎𝑖𝑗 

𝑎𝑖𝑗 = 𝑎𝑖𝑘/𝑎𝑗𝑘 

Noting also that: 

𝑎𝑖𝑗 =
𝑎𝑖𝑗

𝑎𝑗𝑖
, 𝑖, 𝑗 = 1,2,⋯ , 𝑛 

So 𝑎𝑖𝑗  can be determined by 𝑎𝑖1,𝑎𝑗1, so 𝐴 = (𝑎𝑖𝑗)𝑛×𝑛 can be determined by the value of the first 

column. 

 

Table 3. Criterion level judgment matrix 
𝑌 𝑅2 𝑅4 𝑅6 𝑅7 
𝑅2 1 1/3 1/7 1/3 

𝑅4 3 1 1/5 1/3 
𝑅6 7 5 1 5 
𝑅7 3 3 1/5 1 

 

We establish a criterion level judgment matrix: 

𝐴 =

[
 
 
 
 
 
 1

1

3

1

7

1

3

3 1
1

5

1

3
7 5 1 5

3 3
1

5
1]
 
 
 
 
 
 

 

Then we test the consistency of the criterion level judgment matrix: 

𝐶𝐼 =
𝜆 − 𝑛

𝑛 − 1
 

 

Table 4. The value of random consistency index RI 
𝑛 1 2 3 4 5 6 7 8 9 10 11 
𝑅𝐼 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 

 

For the constructed matrix A, we use MATLAB software to calculate its consistency index 

𝐶𝐼 = 0.0760 

For pairwise comparison matrix A with n ≥ 3, the ratio of its consistency index CI to the random 
consistency index RI of the same order is called consistency ratio cr. it can be seen that the 
inconsistency degree of a is within the allowable range, that is, through the consistency test, we 
use its eigenvector as the weight vector. 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
= 0.0854 < 0.1 

After calculation, the weights of the four factors are as follows: 
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Table 5. Weight distribution table 
𝑅2 0.0603 
𝑅4 0.1155 

𝑅6 0.6223 
𝑅7 0.2019 

 

It can be seen from the above table that when the temperature drops suddenly, the influence 
degree of four factors on the price of thermal coal in Qinhuangdao changes, that is, the influence 
degree of temperature > daily consumption of coal mines > storage of thermal coal depots > 
coking coal price. In the regression equation of the first question, it can be seen that 
temperature, daily consumption of coal mines, and storage of thermal coal depots are 
significantly negatively correlated with the price, There is a significant positive correlation 
between coking coal price and steam coal price. 

6. Policy suggestions 

Adhere to the scientific organization of production and sales. Abide by the rules of coal mine 
safety production, maintain the normal mining relationship according to the well type mode, 
and prevent serious mining imbalance; Scientific organization of coal mine production, orderly 
release of capacity in accordance with market demand, put an end to overcapacity. In the case 
of serious oversupply in the coal market, in order to maintain the balance between supply and 
demand in the market, we should implement phased reduction. In the aspect of coal mine 
production system arrangement, the company implements the production and marketing 
coordination strategy, adheres to the market orientation, organizes production and marketing 
according to the contract, carries out classified management according to the social reputation 
of users, and gives priority to ensuring the needs of high-quality customers. 

Promote the signing of medium and long-term work contracts. The medium and long-term 
work contract system is an important achievement in the supply side structural reform of the 
coal industry, and it is an important basis for the coal industry to scientifically organize coal 
production arrangements. If some key users do not sign medium and long-term contracts, this 
situation will seriously affect the annual coal production and operation plan of the coal 
company. The coal company will continue to actively and effectively link users, complete the 
coal medium and long-term contract work with some power industries faster, firmly implement 
the coal medium and long-term contract system in accordance with the provisions of relevant 
state departments, and focus on consolidating and promoting the structural reform of coal 
supply side. 

Keep the price of coal market stable. Keeping the price fluctuation of coal market in the green 
range is an important basis for improving the quality of coal industry development and 
promoting the transformation and upgrading of coal industry. The large-scale coal industry 
should play a more effective role in stabilizing the market and take more effective measures to 
control the price in a reasonable green range, so as to prevent the coal price from fluctuating 
greatly. Standardize the use of coal price index, continue to use comprehensive price index, such 
as China coal price index, Bohai Bay price index and other well operated representative price 
index and regional price index to guide spot price and make coal market pricing more scientific 
and reasonable. 

Give full play to the role of coordination mechanism. With the help of the role of relevant 
government departments, institutions, large enterprises and industry associations, the relevant 
coordination mechanism will be fully improved, so as to guide and support the coal upstream 
and downstream industry enterprises to actively do a good job in the convergence of products 
and demand, so as to shape a healthy and orderly development of the coal industry chain and 
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maintain the sustainable and stable operation of the coal market. At the same time, we should 
regulate and supervise the self-discipline of the coal industry and the social responsibility of 
the coal enterprises, resolutely resist the vicious competition in the industry, such as low price 
dumping, and avoid the phenomenon that the enterprises occupy the market with each other, 
so as to achieve the goal of developing the medium and long-term contract system, and fully 
implement the market-oriented pricing mechanism. 

Ensure the safety of coal mine production. To protect the interests of workers. In today's 
changing era, the coal industry should also make full use of the convenience brought by the 
development of science and technology. In order to fully guarantee the safety of coal mine 
production, we must always pay attention to the level of safety technology and equipment, and 
steadily promote the intelligent construction of coal mine equipment. At the same time, we 
should strengthen the investigation of potential safety hazards in coal mines, stop work until it 
is solved to ensure safe production, and strictly prohibit production activities beyond capacity; 
Strengthen the dust control of coal mine; Improve the personal protection awareness of 
underground workers, and regularly organize coal mine health examination to ensure the 
health of coal workers. 
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