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Abstract 

In view of the coal price influencing factors, first select 7 factors and their data that may 
affect coal supply and demand, adopt a random forest model, Take the average of each 
influencer's contribution to each tree, and quantitatively study the degree of influence 
and value order of carbon prices. Then through the visual method and ten-fold cross-
validation, the best penalty coefficient is obtained according to the minimum mean 
square error, and the LASSO regression model of coal price on influencing factors is 
established to predict the monthly coal price; Forecast coal prices. Secondly, taking the 
sudden factor of the new corona virus as an example, by performing multiple regression 
analysis on the data before the occurrence of the new corona virus, the new equation is 
introduced to modify the dummy variable, and the revised prediction equation is 
obtained. Finally, combined with today's social development trends, five points of policy 
recommendations are proposed to ensure the steady development of China's coal 
market. 
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1. Introduction 

As the main form of national energy use, coal price fluctuations have a greater impact on my 
country's economy than other energy sources. With the improvement of China's energy 
structure in recent years, the proportion of fossil energy relative to the overall energy is also 
constantly changing. However, As China is characterized by more coal, less natural gas and poor 
oil, the energy structure with coal as a theme will not change much today. The price of coal is 
an important indicator of the coal market. And price changes have an important effect on the 
coal supply of enterprises, the development of coal-related industries and the national economy. 
Objectively analyzing the factors affecting coal prices, finding out the reasons for fluctuations, 
and establishing coal price forecasting models are very important for quickly grasping the 
initiative of economic decision-making, grasping the economic trend, and making reasonable 
decisions. 

2. Data sources and assumptions 

The main data of this article comes from the 2020 May day mathematical modeling League 
Question A. In order to facilitate the processing of the problem, the following hypotheses are 
proposed: (1) Assume that the thermal coal price of Qinhuangdao Port is the coal price; (2) 
Assume that the thermal coal price of Qinhuangdao Port is mainly selected by 7 Influence of 
influencing factors; (3) It is assumed that the true value of the missing data is the filled data; (4) 
The data obtained is true and reliable. 
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3. Ranking of main factors affecting coal price based on random forest 

3.1. Research ideas 

This article takes the thermal coal in Qinhuangdao Port as an example, and sorts the main 
factors that affect the price of thermal coal in Qinhuangdao Port from large to small. First, the 
factors that affect coal prices are divided into internal factors and external factors. According 
to the analysis, the national raw coal production, consumer price index, coal consumption 
demand, domestic oil price, seaborne coal price index, coal import and export volume are 
modeled, and random forest is adopted. The algorithm calculates the contribution of each 
influencing factor on each decision tree. Take the average and rank it to quantitatively study 
the importance of these factors for coal prices. 

3.2. Analysis of influencing factors 

The factors that affect coal prices are mainly divided into internal factors and external factors. 
The internal factors come mainly from the process of production and circulation of coal to 
consumers. The production costs, transportation costs, and sales costs generated at different 
stages constitute the overall situation. The following is a brief analysis of the external factors 
affecting coal prices. (1) Coal supply and demand: In a perfectly competitive market, the supply 
and demand for coal determine the price of coal. Increasing the supply of coal will help stabilize 
and reduce coal prices, an increase in coal demand is conducive to increasing coal prices. (2) 
Alternative energy prices: The prices of energy substitutes indirectly affect coal prices through 
price substitution effects. With the increasing emphasis on environmental protection, the state 
has increased the development of non-fossil energy sources, which has reduced the demand for 
coal. (3)Coal import and export scale: directly affect the balance of supply and demand in the 
coal market, indirectly affecting coal prices. Expanding coal imports and suppressing coal 
exports will help increase the supply of the domestic coal market, ensure the balance of 
domestic coal supply and demand, and control the rapid rise of domestic coal prices.(4)The 
development of the national economy: the growth of the demand for coal is affected by the rapid 
development of the national economy. The expansion of coal mining has also promoted the 
development of the coal industry and affected other factors that affect coal prices. (5) National 
policies: The state has promulgated coal-related policies and regulations at both macro and 
micro levels, and corresponding coal price control policies, such as coal resource policies and 
coal import and export policies, which directly or indirectly affect coal prices. 

According to the analysis of coal price influencing factors, select national raw coal production 
(X1), consumer price index (X2), coal consumption demand (X3), domestic oil price (X4), 
seaborne coal price index (X5), coal import volume (X6) ), coal export volume (X7), a total of 
seven influencing factors, and, Qinhuangdao Port thermal coal price (Y) for modeling, 
quantitatively study the impact of these factors on coal prices. 

3.3. Research method 

The random forest algorithm is used to calculate the contribution of the influencing factors on 
each decision tree. Then the contribution of the influence factors to each decision tree is 
averaged to compare the importance of the influence factors. This item choose to reduce the 
average impurities, measured by the Gini index. mGI is the Gini index, it has m features. In this 

article, the value of m is 7. K means there are K categories. mkp  is the proportion of category k 

in node m. 
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The amount of change in the Gini index at node m: 
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Finally, the order of the main factors affecting the price of thermal coal in Qinhuangdao Port is 
obtained. 

3.4. Result analysis 

3.4.1. Model parameter selection 

Use the random forest classifier in python to complete the random forest model. The two most 
important parameters, n_estimators, are used to specify the number of decision trees in the 
random forest, and max_depth is used to specify the maximum depth of the decision tree. Use 
the grid search method to set the parameter value n_estimators=[10,40,80,120,160,200], 
max_depth=[2,4,6,8,10,12], min_samples_split = [2,4,6,8], min_samples_leaf = [ 2,4,6,8]. After 
10-fold cross-validation grid search, the information gain is calculated with 7 variables as the 
root node. The output of raw coal is the largest in the information gain. Therefore, the 
Qinhuangdao Port thermal coal price decision tree is constructed with the raw coal output as 
the root node to obtain the best parameters. Itis max_depth=4, min_samples_leaf= 2, 
min_samples_split=6, n_estimators=200. Use this parameter value to build a random forest 
model to regress the data, avoid the possibility of overfitting in a single decision tree, and 
improve the prediction accuracy on the test data set. The result shows that the accuracy rate is 
83.3%. 

3.4.2. Ranking of main factors affecting the price of thermal coal in Qinhuangdao Port 

The ideal random forest predictor is used to select the important factors that affect the price of 
thermal coal in Qinhuangdao Port. The influencing factors and their importance are shown in 
Table 1. 

Table 1 Influence factor contribution rate 

Influencing factors X1 X2 X3 X4 X5 X6 X7 

Contribution rate 0.3884 0.0712 0.0784 0.2762 0.0851 0.036 0.0647 

 

The importance of each variable is arranged in descending order, the most important of which 
is the production of raw coal. The first three variables are oil price, seaborne coal price index, 
and coal consumption demand. 

4. Forecast of coal price based on LASSO regression and multiple fitting 

4.1. Research ideas 

Combining the historical data of thermal coal prices in Qinhuangdao Port and the main factors 
affecting coal prices have been established and a multiple regression model of coal prices on 
the influencing factors has been established. In order to reduce the complexity of the model, the 
LASSO regression model is adopted. The regression coefficient is reduced to 0 due to the 
influence of coal prices. Through visualization methods and ten-fold cross-validation, the 
smallest mean square error is selected, and a reasonable  value is finally obtained. According 
to the best value, the lasso model is rebuilt. For monthly coal price forecasts, select existing 
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monthly data and the constructed Lasso regression model to predict; For weekly coal price 
forecasts, select existing monthly data and predicted monthly data, and use polynomial fitting 
methods to predict; For Tian Coal Price prediction, select existing weekly data and predicted 
weekly data. And use polynomial fitting method to predict. 

4.2. Research method 

4.2.1. Build a multiple regression model 

Establish a multiple regression model of Y with respect to Xi(i=1,2…7), the square term Xi
2 of 

Xi, and the cross term Xi*Xj of Xi: 
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4.2.2. Feature vector synthesis 

Use ],,[ 2
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as the input feature vector of the model. 

4.2.3. Model design 

In order to reduce the complexity of the model, some independent variables are selected that 
do not affect the dependent variable, and some unimportant regression coefficients are directly 
reduced to 0 in the process of reducing the regression coefficient. The objective function is the 
following. 
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1
 is penalty term of objective function.   is penalty coefficient. 

1
 is regular sum of all 

regression coefficients.The penalty term is non-derivable at the zero point. The LASSO 
regression coefficient is obtained by iteratively using the method of descending the coordinate 
axis.Take a partial derivative of a certain βj in the objective function, and make the derivative 
function under each component 0, so that the objective function reaches the global minimum. 
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In order to solve the final LASSO regression coefficients, it is necessary to combine the 
component derivative functions of ESS(β) and λli(β), and set the derivative function to 0, and 
finally get the model coefficients of LASSO regression. 
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4.3. Result analysis 

4.3.1. Cross validation method to determine value 

Firstly. Split the data set into k data groups with roughly the same sample size, and each data 
group has no overlapping observations with other groups; randomly select k-1 groups of data 
as the training set, and the remaining group as the test set. There are k training sets and test 
sets.Visually determine that the value of  is between 10-3 and 10-1.Combined with ten-fold 
cross-validation, the mean square error is used as the evaluation criterion, and the smallest 
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mean square error is selected.Finally, a reasonable value is obtained as 0.00766. According to 
the best  value, the lasso model is rebuilt. And the model is as follows. 

1

2 00766.0)()(  +−= xyJ
 

Return the coefficients of the lasso regression model. The final lasso model is as follows. 

0.4185+X0.0114X-X0.2771X-X0.024X-X0.036X-X0.0282X+

X0.0034X-0.0497X-0.0163X+0.84X+0.0046X-0.2953X=Y
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4.3.2. Error result 

The mean square error MSE is used as the quantitative evaluation of the model effect. Because 
the MSE value is small, the model fits better. 
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4.3.3. Coal price forecast 

For the future monthly coal price forecast from May 2020 to April 2023, the existing monthly 
data and the constructed Lasso regression model are selected. The forecast results are shown 
in the following table. For the weekly coal price forecast from May to December 2020, a total of 
32 monthly data from May 2019 to December 2021 are selected and polynomial fitting is used. 
When x reaches the sixth order, the fitting effect is better and the score is 0.82. 

594.44+0.0000001X-0.000026X+0.0024X-0.099X+1.841X-11.518X =Y 65432

 

For the forecast of daily coal prices in May 2020, a total of 89 weekly data from April 2019 to 
December 2020 are selected, and polynomial fitting is used. When x reaches the sixth order, the 
fitting effect is better and the score is 0.98. 

594.44+0.0000001X-0.000026X+0.0024X-0.099X+1.841X-11.518X =Y 65432

  

5. Modification of coal price forecasting model introducing unexpected 
factors 

5.1. Research ideas 

Although the above model considers the impact of many factors on the final coal price, 
unexpected factors also have a non-negligible impact on coal prices, and comprehensively 
consider the impact of unexpected factors on coal prices. Taking the novel coronavirus 
epidemic in early 2020 as an example, establish the regression equation before the occurrence 
of the new crown epidemic, and compare with the above equation, it is concluded that the new 
crown epidemic has a greater impact on the weight of CPI and oil prices. The original regression 
equation is modified by introducing dummy variables . 

5.2. Model modification based on dummy variables 

5.2.1. Establish a regression equation before the outbreak of the new crown 

Re-establish the following regression equation for the data before 19 years. The model's 
R2=0.8826 and P=0.000 pass the significance test. 

               835.726-X*0.000184X+X*0.042873X-0.149085X-

X*0.00231X-X*0.008924X+X*0.098X-

X*0.00257X+0.170454X-0.593981X-39.84785X+13.49497X=Y

6454

2

4

436261

517642

 

It can be known that the occurrence of the new coronavirus has a greater impact on the variable 
CPI and the coefficient of the price of oil. Since the spread of the new coronavirus pneumonia 



Volume 1 Issue 11, 2020 

DOI: 10.6981/FEM.202011_1(11).0036 

265 

Frontiers in Economics and Management 

ISSN: 2692-7608 

virus, residents in various communities across the country have been self-isolating at home, 
and shopping malls and restaurants and other activities have been closed and they cannot 
consume Therefore, the overall change in the consumption index of residents is relatively small, 
and the impact on coal prices is correspondingly smaller. As a substitute for coal, oil price 
changes have always had an impact on the price of coal. The occurrence of the new crown 
pneumonia has almost paralyzed the domestic transportation industry, and the domestic 
consumption of oil and coal has been greatly reduced. The fluctuation of oil prices has affected 
the price of coal. Naturally, the price volatility has become smaller. In the above analysis, the 
occurrence of the new coronavirus epidemic is a sudden impact factor. If the prediction is based 
on the regression equation, it is obvious that the impact of sudden factors such as new coronary 
pneumonia is not considered. In the case of unknown emergencies, we introduce virtual The 
variables are modified to get the modified model. 

5.2.2. Introduction of dummy variables 

Dummy variables are added to the factors affecting coal prices before 2019, and the total 
number of people diagnosed with new coronary pneumonia in the country is used as the 
measurement standard. 
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Perform regression analysis on the dummy variables related to the new coronavirus, and we 
get the following regression equation. 

        11.27X-0.4185+X*0.0126X-X*0.1575X-0.2096X-X*0.032X-

X*0.0028X-X*0.076X+X*0.0026X-0.0152X-0.357X6+3.84X+1.074X=Y

86454

2

443

626151742

 
After adding dummy variables into consideration of emergent factors, the model is closer to the 
real regression equation, so the introduction of dummy variables has a good effect on the model. 

6. Policy recommendations to ensure the steady development of my 
country's coal market 

Firstly. Establish and improve the coal futures market and take full advantage of the role of the 
coal futures market in the performance of coal price fluctuations. The impact of the new 
coronavirus epidemic on household consumption and oil prices indirectly transmitted to coal 
prices, causing instability in coal market prices. The volatility of the coal price index reflects the 
volatility of the coal market. Through coal futures transactions such as thermal coal in the coal 
futures market, the government and coal companies can use the trend of coal futures prices to 
predict the supply and demand and price trends of various types of coal. Give full play to the 
government's regulatory role.  

Secondly. Coal companies determine output based on market demand, and adjust output in 
time according to changes in market demand. Under the macro-control of the national coal 
policy, coal companies should closely focus on the changes in the coal market and arrange time 
to organize coal production. Because the excessive growth of coal products will lead to 
oversupply, which is not conducive to market stability and the overall development of coal 
enterprises. my country is currently in the period of the new crown epidemic, and various 
industry markets have undergone large fluctuations due to the impact of the epidemic. The coal 
sales market should focus on stability, combined with the changes in coal market demand and 
price under the impact of the epidemic, and plan coal production.  

Thirdly. Improve railway transportation capacity and reduce coal logistics transportation costs. 
The price of coal mainly includes two parts: cost and profit. The level of cost is the basic factor 
that determines the price of coal. Among them, transportation expenses account for a 
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considerable part of the cost of coal. Since the railroad is the main means of logistics transport 
in our country, strengthen the construction of rail transport channels, improving the annual 
railway transportation capacity and then strengthening the development of coal logistics is an 
important link in stabilizing the supply and price of coal.  

Fourthly. Establish and improve the coal market price network and make a good coal price 
forecast. Timely monitor coal prices in the domestic and international markets, seek to master 
coal market information in many ways, and establish coal price forecasting models. At the same 
time, it is necessary to comprehensively consider various future emergencies, such as the 
outbreak of the new coronavirus outbreak this year. Factors such as large-scale production 
shutdowns have improved and improved models, and a comprehensive coal price prediction 
model that introduces random unexpected variables has been established to make coal price 
predictions more accurate. 

Fifthly, Build a coal market information network and do a good job in forecasting the trend of 
coal prices Timely monitoring of domestic and international coal prices and forecasting coal 
prices are of great significance to the development of various sectors of the national economy, 
to my country's coal import and export trade, and to the cost control of coal downstream 
industries. To do a good job in coal market price forecasting, it is important to obtain coal 
market information. Only with sufficient information can we accurately establish a coal price 
forecast model. At the same time, we must comprehensively consider various emergencies in 
the future, such as this year’s The large-scale shutdown of production and work caused by the 
new coronavirus epidemic. Therefore, we must also strengthen the construction of the coal 
market information network, establish a comprehensive coal price prediction model, and 
introduce unexpected random variables. so that we can carry out a more comprehensive 
macro-control on coal prices. 
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