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Abstract
This publication presents a method for forecasting the annual amount of coal extraction for a mine. The forecast of extraction amount 
was based on data from an actual hard coal mine. It included an analysis of retrospective data on sales quantity, calculation of 
regression coefficients of the mathematical trend model and extraction amount for the next year. The planned extraction amount was 
corrected for the most probable forecast error. In addition, a forecast extraction plan for the analyzed mine was provided for individual 
months, in two variants.
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1. Introduction
The functioning of a mine largely determines its extraction 

amount, which directly results from the market demand for 
coal. The changing level of demand, mainly with a downward 
trend, results in a decrease in the degree of utilization of the 
mine's extraction capacity, which in each case causes a more 
than proportional decrease in profit (operating leverage ef-
fect). This effect is more noticeable in the case of a significant 
share of fixed costs in the cost structure of the enterprise. In 
the case of the coal mining industry, we are dealing with such 
a situation at the level of 80%. The higher the share of fixed 
costs in the cost structure, the more important the full uti-
lization of extraction capacity becomes, and not only of the 
mine, but of each enterprise. Hence, the pursuit of improv-
ing the economic and financial condition of mining, as part 
of restructuring programs, in particular consists in reducing 
excess extraction capacity in relation to the variable demand 
for coal. An additional factor determining the level of coal 
extraction amount is the seasonality of sales. 

In certain months, excess extracted coal ends up in a 
dump, which results in mines being forced to bear the costs 
of storing and maintaining reserves of extracted coal. These 
costs include, among others, the costs of securing dumps, 
related salaries, supervision, property tax, and above all, the 
costs of freezing financial resources (cost of lost income). 

It is also necessary to pay attention to another key aspect 
related to coal mining, namely the geological and mining con-
ditions. They significantly determine the organization of the 
mining process. Generally speaking, it is necessary to carry 
out mining in a continuous manner, often with appropriate 
advancement of the wall (speed of extraction), roof manage-
ment, etc. 

Taking into account the above conditions of mine opera-
tion and at the same time striving to minimize the financial 
effects of the decrease in demand and seasonality of sales, 
the article presents a method of variant forecasting of the 
amount of coal extraction using the example of a real hard  
coal mine.

2. Analysis of the amount of coal extraction and sales of 
the Y mine

The basis for the analyses conducted in this publication 
are data from an actual hard coal mine. Its name has been 
changed for formal reasons and will be referred to hereinafter 
as mine Y. The numbering of the years analyzed has also been 
changed. Table 1 summarizes the annual amount of coal ex-
traction and sales of mine Y in the years 20Y1–20Y7.

Analyzing the amount of coal extraction and its sales for 
the years 20Y1–20Y7 (Tab. 1), it can be seen that mine Y ex-
tracted more coal in the analyzed period than it sold, except 
for the year 20Y7 (Fig. 1). The total amount of coal that ended 
up on the dump in the analyzed period was 536,491 tons (the 
last column of Tab. 1 – Difference). The aim of developing a 
forecast of the extraction amount for the analyzed mine is to 
determine the level of extraction without accumulating exces-
sive coal reserves.

The mining industry, which is involved in the exploitation 
of energy resources, is characterized by seasonality of sales. 
It results from periodic changes (decreases and increases) in 
the demand of recipients, i.e. producers of electricity and heat 
and individual recipients. This can be seen in the example of 
the years 20Y1 and 20Y2 (Fig. 2). Sales increase in the au-
tumn-winter periods and decrease in the spring and summer 
periods.

3. The extraction forecast for a mine Y 
The forecasting of the extraction amount is carried out 

based on retrospective data on the realized coal sales amount 
by the analyzed mine. The regression method was used to 
calculate the model value of the variable y (coal extraction 
amount). This method consists in selecting the analytical 
form of the function y = ax + b, which best describes the re-
lationship between the sales amount and time, and in deter-
mining the degree of fit of the empirical line to statistical data. 
The classic least squares method is most often used for linear 
regression, but it can also be used for statistical determination 
of non-linear trend line parameters, including the trend: ex-
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ponential, hyperbolic, power-law, logarithmic, etc. The model 
is selected based on the value of the correlation coefficient. 
According to this method, the regression coefficients of the 
model are calculated based on the following formulas [3, 5]:

(1)

(2)

In order to determine the strength of correlation between 
variables x (subsequent years of the analyzed period) and y 
(sales amount), and to assess the degree of fit of the regression 
line to empirical data, the linear correlation coefficient r is 
calculated [3, 5]:

(3)

Based on the time series, we determine the trend that fits 
the analyzed data and then extrapolate it to future years. The 
obtained sales amount for a specific forecast year should be 
corrected by the value of the forecast error. It is proposed to 
estimate the size of the forecast error based on the following 
formula [1, 2, 3, 4, 5]:

(4)

wherein:
σ2

r – variance of the residual component, which is the standard 
error of estimating the regression function, being a measure 
defining the average deviations of the actual values of the ex-
plained variable from the theoretical values of this variable 
determined from the regression function. This is one of the 
parameters of the random component distribution, which al-
lows us to conclude about the goodness of fit of the model to 
the empirical data. We calculate it from the formula:

(5)

where:
yn – actual value of endogenous factor;
ymod – model-based value of endogenous factor;
N – number of observations;
K – number of estimating parameters for model structure.

     – variance of the forecasting model calculated based on the 
dependence:
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Tab. 1. The amount of the extraction and sale of coal by mines Y in the years 20Y1–20Y7. Source: own study based on internal materials of the Y mine

Fig. 1. The difference between the amount of the extraction and sale of coal mines Y in 20Y1–20Y7. Source: own study based on internal materials of the Y mine 

Fig. 2. The sales amount of coal mines Y in years 20Y1 and 20Y2. Source: own study based on internal materials of the Y mine

Tab. 1. Wielkość wydobycia i sprzedaży węgla przez kopalnię Y w latach 20Y1–20Y7. Źródło: opracowanie własne na podstawie materiałów wewnętrznych kopalni Y

Rys. 1. Różnica między wielkością wydobycia i sprzedaży węgla kopalni Y w latach 20Y1–20Y7.  
Źródło: opracowanie własne na podstawie materiałów wewnętrznych kopalni Y

Rys. 2. Wielkość sprzedaży węgla kopalni Y w latach 20Y1 i 20Y2. Źródło: opracowanie własne na podstawie materiałów wewnętrznych kopalni Y
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(6)

where:
xN+2 – time, during which prognosis is prepared.
and

(7)
                   

, 

Based on the data presented in Table 1 and formulas (1)-
(3), five models were used to examine the development of 
coal sales amounts in the Y mine in the years 20Y1–20Y7. The 
calculation results are presented in Table 2. The best model 
turned out to be the logarithmic model with a correlation co-
efficient of -0.974:

y = -796,921.37 x + 1,488,478.14

The estimated sales amount for 20Y8 based on this equa-
tion, which in effect constitutes the planned coal extraction 
amount, was 768,786 tons. The standard deviation of the re-

sidual component was then determined using formula (5):

σr = 54,947.72 [t]

The forecast error calculated based on formula (4) was:

σyprog = 71,943.45 [t]

The forecasted coal sales amount for mine Y for 20Y8 was 
768,786 ± 71,943.45 tonnes. The calculated forecast error is 
approximately 5% of the forecast value. Providing an exact 
forecast value for 20Y8 requires adding or subtracting the er-
ror from the model value. Analyzing the course of retrospec-
tive data (Fig. 3), it can be stated that both adding and sub-
tracting the error fits into the downward trend of coal sales. It 
seems more likely and logical that the forecast value for 20Y8 
should be 696,843 tonnes than 840,730 tonnes, which results 
from the significant annual decrease.

When analyzing annual coal sales values, sales fluctua-
tions (seasonality) in relation to individual months of the year 
are not taken into account. Sales realized in specific months 
(Tab. 3) could have followed different (for each month) 
trends. According to the author, the forecast calculation for a 
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Tab. 2. Summary results of the regression analysis for the amount of coal sales for years 20Y1–20Y7 

Tab. 3. Sales amount of coal mines Y in different months 20Y1–20Y7 years

Fig. 3. Forecasted sales amounts of Y mine coal for 20Y8. Source: own study based on internal materials of the Y mine

Tab. 2. Zestawienie wyników analizy regresji dla wielkości sprzedaży węgla za lata 20Y1–20Y7

Tab. 3. Wielkość sprzedaży węgla kopalni Y w poszczególnych miesiącach lat 20Y1–20Y7

Rys. 3. Prognozowane wielkości sprzedaży węgla kopalni Y na rok 20Y8. Źródło: opracowanie własne na podstawie materiałów wewnętrznych kopalni Y
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Tab. 4. Summary results of regression analysis for coal sales volumes by month

Fig. 4. Variants of extraction forecast for the mine Y

Tab. 4. Zestawienie wyników analizy regresji dla wielkości sprzedaży węgla w poszczególnych miesiącach

Rys. 4. Warianty prognozy wydobycia dla kopalni Y
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specific month will be more accurate than for the entire year. 
Therefore, it was decided to estimate the extraction amount 
for mine Y for the year 20Y8 broken down into individual 
months. For this purpose, trend functions for individu-
al months of the analyzed years were adjusted based on the 
correlation coefficient (Tab. 4), and then sales forecasts were 
calculated for the subsequent months of the year 20Y8 (Tab. 
5, Fig. 4). For each model monthly (forecasted) sales amount, 
the forecast error σyprog was calculated and corrected, thus 
creating forecast variant I. Considering the maintenance of 
continuity and rhythm (geological and mining conditions) 
of coal extraction, forecast variant II can be considered. This 
variant assumes uniform extraction throughout the year (Tab. 
5, Fig. 4).

3. Conclusion
Forecasting extraction amount is inherently burdened 

with error. On the other hand, operating without planning 
extraction amount in relation to market demand will entail 

losses. These losses are related, among others, to excess ex-
traction, for which there are no recipients and which is stored 
in the warehouse. The issues presented in this publication al-
low us to state that relatively simple forecasting methods al-
low for minimizing the amount of coal that would end up on 
the dump, and thus minimizing the costs associated with it. It 
should be emphasized that the mining industry, unlike other 
industries, is characterized by specific operating conditions. 
The mining process is determined primarily by mining and 
geological conditions, which forces mines to maintain conti-
nuity and rhythm of coal extraction. Therefore, the proposed 
variant II of the forecast (even extraction) is more appropriate 
for the mining industry extracting hard coal. Coal reserves 
accumulated on dumps in the spring and summer period 
would be sold at the end of the year.

This research was prepared as part of a scientific sub-
sidy from the AGH University of Krakow under number 
16.16.100.215.

Tab. 5. Summary of regression coefficients and forecasts the amount of extraction coal mine Y in different months of year 20Y8
Tab. 5. Zestawienie wariantów prognoz wielkości wydobycia węgla dla kopalni Y w poszczególnych miesiącach roku 20Y8
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Prognoza wielkości wydobycia dla kopalni węgla kamiennego
W niniejszej publikacji przedstawiono sposób prognozowania rocznej wielkości wydobycia węgla dla kopalni. Prognozę wielkości wy-
dobycia przeprowadzono w oparciu o dane rzeczywistej kopalni węgla kamiennego. Obejmowała ona analizę danych retrospektyw-
nych dotyczących wielkości sprzedaży, obliczenie współczynników regresji modelu matematycznego trendu oraz wielkość wydobycia 
na rok przyszły. Planowana wielkość wydobycia została skorygowana o najbardziej prawdopodobny błąd prognozy. Ponadto podano 
prognozowany plan produkcji dla analizowanej kopalni w odniesieniu na poszczególne miesiące, w dwóch wariantach. 

Słowa kluczowe: prognoza wydobycia węgla, szeregi czasowe




