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Abstract. The article presents a multidimensional comparative analysis of the number of employees in the enterprise sector in Poland on
a quarterly basis between 2010-2021 and new and withdrawn jobs dynamically in terms of economic security. The volume of employment
and salary for work in Poland in the enterprise sector by type of activity was analyzed. The last stage of the research was the analysis and
evaluation of the time series of salaries in Poland and its forecasting for the future.
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1. Introduction

The COVID-19 pandemic has led to major changes in global markets (Besenyd, Karman, 2020; Okunola,
Fakunle, 2021; Periokaite, Dobrovolskiene, 2021; Kostiuk et al., 2021; Kinowska, 2021; Mikotajczak et al.,
2022). Even in such an economic power like the United States, a strong and dynamic increase in the unem-
ployment rate was observed - to the level of 14,6% in April 2020. From February to April 2020, the increase
was 11,2 percentage points (Kozicki, Mitkow, 2021). The impact of the virus on the situation in the world
has become a premise for the research problem of the study: Will the use of a multidimensional comparative
analysis allow to observe the impact of the COVID-19 pandemic on the enterprise sector in Poland? The aim
of the study is a multidimensional comparative analysis of the enterprise sector in Poland in terms of the dy-
namic analysis of the number of jobs and salaries in terms of the maintenance of economic security. A research
hypothesis was outlined for the research problem and the aim of the work. The use of a multidimensional com-
parative analysis and time series analysis of salaries in the enterprise sector in Poland will allow to observe the
impact of the COVID-19 pandemic on this sector and to forecast salaries for 2022-2023. The research method
of a multivariate comparative analysis was used in the article in the form of clustering and the forecasting with
the Holt’s exponential smoothing method (Jurgilewicz et al. 2022).
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2. Analysis of the literature on the research subject

In the literature, an enterprise is considered to be an organizational unit conducting economic activity, legally,
organisationally, territorially and economically separated, with human, financial, material and intangible re-
sources (Encyclopedia of management, 2022). Enterprises focus on three types of activity: trade, service or
production. The goal is to make a profit, i.e. a positive difference between the income earned and the costs
incurred. Each enterprise has legal capacity and its form is described in a given legal system.

A multidimensional comparative analysis was used in the study. It is a group of statistical methods that simul-
taneously analyze at least two variables describing each examined object (Luniewska, 2006, p. 9). An analysis
and evaluation of the time series of salaries in the enterprise sector in Poland was also conducted. The meth-
odology of the analysis and evaluation of time series in the literature is widely described (Mitkow et al., 2021;
Rabej, 2018; Makridakis et al., 1998; Zagdanski, Suchwatko, 2016; Czyzynski, Kloska, 2019,). The research
made it possible to select the Holt’s exponential smoothing method for the forecasting of data on salaries in
enterprises in Poland (Dittmann, 2016).

The research conducted in the study is important in terms of the maintenance of economic security in Poland.
Economic security is the certainty of survival consisting in access to markets and financial resources which
guarantees the stable development of its entities (Nurzynska, 2016, p. 22). According to W. Kitler, it is a kind
of national security, a process involving various activities, the main goal of which is to ensure the economic
conditions necessary for the survival, prosperity and sustainable development of society, as well as the efficient
operation of the state and its institutions (Kitler, 2011, p. 49). The changes in the level of economic security
in Poland have certainly been and are being influenced by the COVID-19 pandemic. The first case of this in-
fectious disease was reported in Wuhan, China in December 2019 (Zhu, Zhang, et al., 2020). Due to its rapid
spread and the threat it posed to human health (Matuka, 2020), on March 11, 2020, the World Health Organiza-
tion declared COVID-19 a pandemic (Satomi, et al., 2020). This, in turn, led, especially at the beginning of the
pandemic, to a stagnation in the passenger air transport sector (Sebastian Mikosz for BI ..., 2020; Derewienko,
2021), and then to its large limitation (Kozicki, Stajniak, 2021).

In Poland, efforts were made to limit the impact of the pandemic, many orders were introduced, including
the necessity to wear face masks (Gajos-Kaniewska, 2020) and the widespread use of disinfectants. Since the
outbreak of the pandemic in companies around the world, remote work with the use of IT software has started
to develop dynamically on an unprecedented scale. In Poland, in 2020, about 8,9 percent of employees used
remote work (Anagnostopulu, 2021). In the ranking of countries in Europe in terms of the number of employees
working remotely, Poland took fifteenth place. Such a low level of remote work in Poland resulted from the
specific nature of the activities of Polish enterprises. The largest number of workers in Poland is employed in
the industrial processing, trade, repair of motor vehicles, transport and storage and in construction. These types
of activities must in most cases be conducted stationary. During the COVID-19 pandemic, a decrease in the
number of people employed was observed in Poland (Les$niak, 2021; Jurgilewicz et. al., 2021). There was also
a visible reduction in the salaries paid to employees (Labor market in Poland in 2020 ..., 2021).

3. Multidimensional analysis of enterprises in Poland

The research began with a line chart of data on the number of employees in the enterprise sector in Poland on
a quarterly basis between 2010-2021 in thousands (Fig. 1).
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Figure 1. A line chart of data on the number of employees in the enterprise
sector in Poland on a quarterly basis between 2010-2021 in thousands

Source: own study based on data obtained from the website: https://bdl.stat.gov.pl/ (as of 9.04.2022)

The data in Figure 1 shows that from 2010 to 2012, a growing trend in the number of employees in the en-
terprise sector in Poland was visible. At that time, the arithmetic means of the number of employees in the
analyzed years showed the following values: 2010 - 5 373 750; 2011 - 5 554 250; 2012 — 5 547 500. In 2013,
a decrease to the arithmetic mean level of 5 497 000 was observed. Then, from 2013 to 2019, a growing trend
was visible. The arithmetic means of the number of employees in the analyzed period per years were as fol-
lows: 2014 - 5 529 250; 2015 — 5 604 750; 2016 — 5 760 500; 2017 — 6 020 750; 2018 — 6 230 000; 2019 —
6 392 250.

In 2020, a decrease in the number of employees in the enterprise sector was observed to the arithmetic mean
level of 6 323 500. In 2021, however, an increase to 6 344 000 employees.

In the period under consideration, the highest standard deviations from the arithmetic mean were observed in the
following years: 2020 — 69 553,3; 2017 — 64 095,6; 2010 - 62,275,6; 2018 - 57 515,2; 2016 - 46 722,6; 2015 —
44 244,6; 2019 — 30 598,2; 2011 — 24 998,3; 2021 - 19 544.8; 2014 — 17 231,3; 2012 — 12 261; 2013 - 8 124.

At that time, the events in 2020 had a huge impact on the enterprise sector in Poland. The COVID-19 pandemic
was announced worldwide. This led to a decline in the number of employees. This trend continued until the end
of 2021 with a slight increasing trend dynamically.

The next stage of the research was a multidimensional analysis of newly created jobs in the enterprise sector in
Poland. Newly created jobs are jobs created as a result of organizational changes, expansion or change in the

profile of activity and all jobs in newly created units (Central Statistical Office, as of 9.04.2022).

The analysis began with a box plot of data on new jobs in enterprises in the group of 16 voivodships in Poland
between 2011-2020 in thousands.
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Figure. 2. Box plot of data on new jobs in enterprises in the group of 16
voivodships in Poland between 2011-2020 in thousands

Source: own study based on data obtained from the website: https://bdl.stat.gov.pl/ (as of 9.04.2022)

The data compiled in Figure 2 shows that the highest arithmetic mean of the numbers of new jobs in enterprises
in Poland between 2011-2020 can be seen in the following voivodships: mazowieckie: 128 590; $laskie: 69
260; wielkopolskie: 56 600; matopolskie: 55 990; dolnoslaskie: 46 010; t6dzkie: 37 730; pomorskie: 34 080;
podkarpackie: 24 600; lubelskie: 22 150; kujawsko-pomorskie: 22 110; zachodniopomorskie: 20 720; lubuskie:
20 110; warminsko-mazurskie: 17 800; §wigtokrzyskie: 14 220; opolskie: 12 340; podlaskie: 11 120.

Considering the outliers and extreme values, it was observed that the highest outlier of new jobs in Poland was
in the mazowieckie voivodship in 2014 and amounted to 163 000. The lowest one was in podlaskie voivodship
in 2014: 7 500.

Summing up, the lowest outliers in respective voivodeships are 2011-2013 and 2020. The highest outliers, on
the other hand, can be seen in 2018.

Then, the data on new jobs in enterprises in years in Poland between 2011-2020 in thousands were analyzed
(Fig. 3).
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Figure. 3. Box plot of data on new jobs in enterprises in years in Poland between 2011-2020 in thousands

Source: own study based on data obtained from the website: https://bdl.stat.gov.pl/ (as of 9.04.2022)
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Figure 3 shows that the number of new jobs in enterprises in Poland between 2011-2020 fluctuated around the
arithmetic mean of 37 089. The largest drops in the number of new jobs in enterprises were observed in the
following years:

1. 2020, when there was a decrease by 12 763 jobs compared to 2019;

2. 2012, when there was a decrease by 7 213 jobs compared to 2011.

The decline in the number of new jobs in 2020 was due to the impact of the COVID-19 pandemic.

Then, the study covered data on the withdrawn jobs in enterprises in the group of 16 voivodeships in Poland
between 2011-2020 in thousands (Fig. 4).
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Figure. 4. Box plot of the data on withdrawn jobs in enterprises
in the group of 16 voivodeships in Poland between 2011-2020 in thousands

Source: own study based on data obtained from the website: https://bdl.stat.gov.pl/ (as of 9.04.2022)

Figure 4 shows that the arithmetic mean of the largest number of withdrawn jobs in the enterprise sector in
Poland between 2011-2020 was as follows in respective voivodships (from the highest to the lowest values):
in mazowieckie: 69,830; §laskie: 40 820; matopolskie: 28 013; wielkopolskie: 26 970; dolnoslaskie: 22 910;
todzkie: 21 330; pomorskie: 18 350; podkarpackie: 15 180; lubuskie: 13 200; lubelskim: 12 930; zachodniopo-
morskie: 12 590; Warm warminsko-mazurskie: 12,010; kujawsko-pomorskie: 11 870; swictokrzyskie: 8 830;
opolskie: 7 040; podlaskie: 6 360.

Values extremely deviating from the arithmetic mean were observed in two voivodeships:
- §laskie, where the arithmetic mean of the withdrawn jobs in the enterprise sector was 61 700 in 2011;
- lubuskie, where the arithmetic mean of withdrawn jobs in the enterprise sector was 17 200 in 2011.

Then, the research covered data on withdrawn jobs in enterprises in years in Poland between 2011-2020 in
thousands.
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Figure. 5. Box plot of data on withdrawn jobs in enterprises in years in Poland between 2011-2020 in thousands

Source: own study based on data obtained from the website: https://bdl.stat.gov.pl/ (as of 9.04.2022)
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The data presented in Figure 5 shows that from 2011 to 2017, a downward trend in the number of jobs with-
drawn in the enterprise sector in Poland is visible. On the other hand, from 2017 to 2020, a growing trend is
visible. The arithmetic mean of the number of withdrawn jobs in the enterprise sector in Poland is 20 522 jobs.
However, the standard deviation from the arithmetic mean was at the level of 16 511 jobs.

Another study is the analysis of data on employment in the enterprise sector by type of activity in thousands in

February 2022 (Fig. 6).
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Figure. 6. Line chart of employment data in the enterprise sector by type of activity in thousands in February 2022

Source: own study based on data obtained from the website: https://bdl.stat.gov.pl/ (as of 9.04.2022)
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Figure 6 shows that most people were employed in the following types of activity in the enterprise sector in

Poland in February 2022:
1. Manufacturing: 2 390 600;

2. Trade; repair of motor vehicles: 1 319 400;

3. Transport and warehouse management: 651 400;

4. Construction: 421 900;
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5. Administration and support activities: 401 900;

6. Information and communication: 283 800;

7. Professional, scientific and technical activities: 257 100;

8. Water supply: sewage and waste management; remediation: 138 100;
9. Mining and quarrying: 123 300;

10. Accommodation and gastronomy: 120 300;

11. Production and supply of electricity, gas, steam and hot water: 112 000;
12. Real estate services: 90 600;

13. Arts, entertainment and recreation: 90 300;

14. Agriculture, forestry, hunting and fishing: 33 300;

15. Other service activities: 29 600.

Then, the research covered the average salary rates in the types of activity in the enterprise sector in Poland in
February 2022.
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Figure. 7. Line chart of data on salaries in the enterprise sector by type of activity in thousands in February 2022

Source: own study based on data obtained from the website: https://bdl.stat.gov.pl/ (as of 9.04.2022)

The ranking of salary rates by types of activity in the enterprise sector was as follows (from the highest to the
lowest values):

1. Information and communication: 10 837,01;

2. Mining and quarrying: 10 571,51;

3. Production and supply of electricity, gas, steam and hot water: 9 536,43;
4. Professional, scientific and technical activities: 8 920,93;

5. Agriculture, forestry, hunting and fishing: 7 241,19;
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6. Real estate services: 6 161,74;

7. Construction: 5 942;

8. Trade; repair of motor vehicles: 5 960,64;

9. Manufacturing: 5 835,83;

10. Water supply: sewage and waste management; rehabilitation: 5 459.4;
11. Transport and warehouse management: 5 368,1;

12. Arts, entertainment and recreation: 5 265,38;

13. Other service activities: 4 743,19;

14. Administration and supporting activities: 4 820,02;

15. Accommodation and gastronomy: 4 459,11.

The last stage of the research is the analysis of average salaries in the enterprise sector in Poland from January
2010 to February 2022. First, a line graph of the corporate salary data in thousands from January 2010 to Febru-
ary 2022 was outlined and evaluated.
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Figure. 8. A line chart of data on salaries in the enterprise sector in thousands from January 2010 to February 2022

Source: own study based on data obtained from the website: https://bdl.stat.gov.pl/ (as of 9.04.2022)
The information presented in Figure 8 allows us to observe a growing trend in salaries in the enterprise sector
in Poland with a visible decrease in April 2020 compared to March 2020 by PLN 12,18. The arithmetic mean of
salaries in the analyzed period was PLN 4 416,56. Standard deviation from the arithmetic mean is PLN 771,05.

3. The forecasting of salaries in the enterprise sector in Poland

The last stage of the research was the forecasting of the considered data using the Holt’s exponential smoothing
method. The obtained forecasts together with the actual data and remainders are outlined in Figure 9.

The last stage of the research was the forecasting of the considered data using the Holt’s exponential smoothing
method. The obtained forecasts together with the actual data and remainders are outlined in Figure 9.
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Figure. 9. Forecasting of data on salaries in the enterprise sector in thousands for 2022-2023

Source: own study based on data obtained from the website: https://bdl.stat.gov.pl/ (as of 9.04.2022)

The obtained forecasts show an upward trend. The arithmetic mean of salaries in the enterprise sector in Poland
in 2022 will amount to PLN 6 478,74 and in 2023 it will increase to PLN 7 067,67. The standard deviation
from the arithmetic mean of the forecasts is PLN 348,64. The median of the forecasts obtained is PLN 6 785,16.
Table 1 presents the analysis of forecasting errors.

Table 1. Analysis of forecasting errors

Index Value
Mean percentage error 0,05
Mean absolute percentage error 0,43

Source: own study based on data obtained from the website: https://bdl.stat.gov.pl/ (as of 9.04.2022)

The analysis of forecasting errors shows that the forecast obtained is very good. The mean absolute percent
error was 0,43 percent and the mean percent error was 0,05 percent.

4. Summary and conclusions

The COVID-19 pandemic had a major impact on the corporate sector in Poland. In 2020, it led to a decrease
in the number of employees to the arithmetic mean level of 6 323 500 from the level of 6 392 250 recorded in
2019.

The analyzes conducted in the study show that as a result of the impact of the pandemic, declines in the number
of new jobs in the enterprise sector in Poland were visible. In summary, the lowest outliers in respective voivod-
ships were observed between 2011-2013 and in 2020, when an infectious disease pandemic was announced.
On the other hand, the highest outliers in the number of new jobs in the enterprise sector in Poland are 2018 -
arithmetic mean 44 863.

The voivodeship in which the most novel jobs were created and withdrawn was mazowieckie. The arithmetic
mean of new jobs between 2011-2020 was 128 590, while for the jobs withdrawn it was 69 830.

The largest number of people in the enterprise sector in Poland in February 2022 was employed in the follow-
ing types of activity:

1. industrial processing: 2 390 600;

2. trade and repair of motor vehicles: 1 319 400;

3. transport and warehouse management: 651 400;

4. construction: 421 900.
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The above-mentioned industries and their occupancy contributed to the low level of remote work in Poland.
They mostly require stationary work.

The highest salaries were recorded in February 2022 in IT and communication - at the level of PLN 10 837,01.

An upward trend was observed in the time series of salaries in the enterprise sector in Poland between 2010-
2021. This became the premise for the forecasting of the series for the future with the use of the Holt’s exponen-
tial smoothing method. The arithmetic mean of salaries in the enterprise sector in Poland in 2022 will amount
to PLN 6 478,74 and in 2023 it will increase to PLN 7 067,67.

The observed regularities described in the study are extremely important in terms of the maintenance of the
economic security of Poland. Therefore, it is important to analyze data on enterprises constantly and systemati-
cally in Poland in order to respond quickly and precisely to dynamic deviations caused by random factors, such
as, for example, the COVID-19 infectious disease pandemic.
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