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Abstract

The aim of the article is to analyse labour productivity key indicators of manufacturing or working efficiency of
European Union (EU), it the theoretical bases and the regularities of these changes. We use regression analysis.
Knowledge of the regularities of labour productivity changes allows predicting future changes and make optimal
business decisions. The basis is gross domestic product (GDP) analysis. We will analyse labour productivity by
turnover and gross value added per person employed of manufacturing total and partly by countries, but also GDP
per capita. Taking the basis this publication and the previous works of the authors, draws conclusions and
suggestions.
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1. Introduction

We will make an introduction a brief overview of development and background of manufacturing. As industry
has been the basis of their wealth, then we will analyse the main indicators of industrial development.

Manufacturing is the production of goods for use or sale using labour and machines, tools, chemical and
biological processing, or formulation. The term may refer to a range of human activity, from handicraft to high tech,
but is most commonly applied to industrial production, in which raw materials are transformed into finished goods
on a large scale (Manufacturing).

In its earliest form, manufacturing was usually carried out by a single skilled artisan with assistants. Training
was by apprenticeship. In much of the pre-industrial world, the guild system protected the privileges and trade
secrets of urban artisans. Before the Industrial Revolution, most manufacturing occurred in rural areas, where
household-based manufacturing served as a supplemental subsistence strategy to agriculture (and continues to do so
in places). Entrepreneurs organized a number of manufacturing households into a single enterprise through the
putting-out system. Toll manufacturing is an arrangement whereby a first firm with specialized equipment processes
raw materials or semi-finished goods for a second firm (Manufacturing; Tanning and Tanning, 2015).

The aim of the article is to analyse labour productivity of manufacturing of EU, it the theoretical bases and the
regularities of these changes.

2. Methodology and Theoretical Bases

In statistical modeling, regression analysis is a set of statistical processes for estimating the relationships among
variables. It includes many techniques for modeling and analyzing several variables, when the focus is on the
relationship between a dependent variable and one or more independent variables. More specifically, regression
analysis helps one understand how the typical value of the dependent variable changes when any one of the
independent variables is varied, while the other independent variables are held fixed (Extrapolation Methods, 1991;
Scott Armstrong et al., 2004; Zhao et al., 2011).

Regression models predict a value of the Y variable given known values of the X variables. Prediction within
the range of values in the dataset used for model-fitting is known informally as interpolation. Prediction outside this
range of the data is known as extrapolation. Performing extrapolation relies strongly on the regression assumptions.
The further the extrapolation goes outside the data, the more room there is for the model to fail due to differences
between the assumptions and the sample data or the true values (Freedman, 2005; Lindley, 1987).

A polynomial curve can be created through the entire known data or just near the end. The resulting curve can
then be extended beyond the end of the known data. Polynomial extrapolation is typically done by means of
Lagrange interpolation. The resulting polynomial is used to extrapolate the data (Extrapolation Methods, 1991;
Freedman, 2005; Lindley, 1987; Scott Armstrong et al., 2004; Zhao et al., 2011).

In statistics, nonlinear regression is a form of regression analysis in which observational data are modeled by a
function which is a nonlinear combination of the model parameters and depends on one or more independent
variables. The data are fitted by a method of successive approximations.
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Regression analysis is a statistical method for studying the influence of one or several independent variables X 4,
X, .., X to the dependent variable Y. Independent variables are otherwise called regressors or predictors, and
dependent variables are criterion variables. The terminology of dependent and independent variables reflects only
the mathematical dependence of the variables, and not cause-effect relationships (Ash, 2009; Bethea et al., 1985;
Dodge, 2003; Meade and Islam, 1995; Schittkowski, 2002; Seber and Wild, 1989; Wooldridge, 2012).

2.1. Regression Analysis Goals

1. Determination of the degree of determinism of the criterion (dependent) variable predictors (independent

variables)

2. Predict the value of the dependent variable using independent (s)

3. Determination of the contribution of individual independent variables to the variation of the dependent.

In mathematical modeling, the dependent variable is studied to see if and how much it varies as the independent
variables vary. In the simple stochastic linear model y; = a + bx; + ¢; the term y; is the i value of the dependent
variable and x; is the i value of the independent variable. The term e; is known as the "error" and contains the
variability of the dependent variable not explained by the independent variable.

With multiple independent variables, the model isy; =a+b X;;+ b X, + ... + b X, + €, where n is the number
of independent variables (Ash, 2009; Dodge, 2003; Wooldridge, 2012).

The techniques and labour market survey definitions used by the authors have been specified in OECD
(Productivity) and Eurostat (Methodological Notes, 2011). The measures of labour productivity are presented as
indices and as rates of change. Labour productivity are indirectly GDP per capita, here, however turnover per person
employed and apparent labour productivity (Gross value added per person employed) (Gross Domestic Product At
Current Prices). Formulas of productivity measures (Formulas of Productivity Measures, 2018; Tanning T. and
Tanning, 2014g).

Labour productivity per person employed (on the basis of value added) — indicates how much value added is
generated on average per person employed (is calculated as value added divided by the number of persons
employed) (Methodological Notes, 2011). GDP is an indicator for a nation’s economic situation and a measure of
the economic activity. It reflects the total value of all goods and services produced. Expressing GDP in PPS
(purchasing power standards) eliminates differences in price levels between countries, and calculations on a per head
basis allows for the comparison of economies significantly different in absolute size (Methodology). GDP per capita
in constant prices constant prices GDP is found and the ratio of the average population. Often used in constant prices
GDP as an indicator of the wealth of nations, as it reflects the average real income in this country.

GDP per person employed is intended to give an overall impression of the productivity of national economies
expressed in relation to the EU average. The volume index of GDP per capita in PPS is expressed in relation to the
EU average set to equal 100. Basic figures are expressed in PPS, i.e. a common currency that eliminates the
differences in price levels between countries allowing meaningful volume comparisons of GDP between countries
(Gross Domestic Product At Current Prices; Methodological Notes, 2011).

Source data based on structural business statistics, there are a total of 24 activities (sectors) (Structural Business
Statistics Introduced). Statistical classification of economic activities in the European Community, abbreviated as
NACE, is the nomenclature of economic activities in the EU. This article presents an overview of the EU
manufacturing sector, which is included in NACE Rev. 2 Section C (Annual Detailed Enterprise Statistics for
Industry, 2018).

The theoretical bases of labour productivity have been brought in more detail in the authors book (Tanning L.
and Tanning, 2008;2009; Tanning and Tanning, 2015), in authors’ earlier works (Tanning L. and Tanning,
2012;2013a; Tanning T. and Tanning, 2013d; Tanning T. and Tanning, 2013e; Tanning L. and Tanning, 2013b;
Tanning T. and Tanning, 2013f; Tanning L. and Tanning, 2013c;2014a;2014b;2014c;2014f;2014d;2014e; Tanning
T. and Tanning, 2014h; Tanning T., 2017a;2017b; Tanning L. and Tanning, 2018a;2018b;2018c¢) and in the works of
other authors (Kalle, 2013; Saari, 2011). All figures are the authors” illustration.

3. Gross Domestic Product at Market Prices

For an introduction, let us look at the background the GDP (gross domestic product) at market prices and PPS,
but also GDP per capita.

Table-1. GDP at current prices, billion euro (Gross Domestic Product At Current Prices)
2005 2007 2009 2011 2013 2015 2016 2017
Germany 2,300 2,513 2,460 2,703 2,826 3,043 3,144 3,263

Spain 930 1,080 | 1,079 | 1,070 | 1,025 1,079 | 1,118 1,164
France 1,771 | 1,945 1,939 | 2,059 | 2,115 | 2,194 | 2,228 | 2,288
Ttaly 1489 | 1,609 | 1,572 | 1,637 | 1,604 | 1,652 1,680 | 1,717

UK 2,027 | 2,245 1,716 1,883 2,063 2,602 2,393 2,324
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Figure-1. GDP at market prices, current prices, billion PPS (Gross Domestic Product At Current Prices)

3000
2700
2400 -
2100 ~
1800 -
1500 -
1200 A

900 7 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017

BGermany | 2240 |2,335|2,471| 2,467 |2,307 | 2,452 | 2,585 |2,647|2,679|2,817|2,954|2,981| 3,059
BSpain 1027 |1,132|1,215|1,215|1,142|1,138|1,131|1,130 1,116 | 1,155 | 1,222 | 1,242 | 1,290
OFrance 1643 | 1,708 1,798 |1,785|1,707|1,786|1,845| 1,869 | 1,916 | 1,962 | 2,040 | 2,035 | 2,092
DOltaly 1480 | 1,556 |1,637|1,646|1,551|1,588|1,628|1,630|1,598|1,616|1,680|1,721 1,745
OUK 1664 | 1,740|1,789|1,779|1,647|1,730| 1,757 |1,825|1,861 | 1,946 | 2,053 | 2,066 | 2,085

PPS bn

&

Relatively simple theoretical trend lines (2nd and 3rd degree polynomials), which are very high R? indicate the
period 2005-2017 both in Germany and the UK relative stable development of the economy, despite the 2009
downturn.

It was in 2017 largest by current prices in Germany, 3277 billion; in UK, 2332 billion; France, 2292 billion and
in Italy 1725 billion EUR. Largest by PPS prices was in Germany, 3059 billion; in UK, 2085 billion; in France, 2092
billion; in Italy 1745 billion and in Spain, 1290 billion PPS.

Germany by GDP (PPS) is 1.5 times stronger than the UK and France. In the years 2007-2014 France was
stronger than the UK, but the difference between UK and France in 2015 was 59 million euros (0.003%) and in 2016
= 39.33 billion euros (1.902%). In 2017 by PPS was stronger France than the UK and by current prices UK than
France.

GDP per capita
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Figure-2. GDP at market prices, current prices, euro per capita (Gross Domestic Product At Current Prices)
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In 2017 were GDP per capita in Germany 39,600; in Spain 25,100; in France 34,100; in Italy 28,500 and in UK
35,300 euro. In 2015 was GDP per capita in UK 40,000 euro.

In the case of the EU's great powers, UK GDP per capita was the largest in the years 2005 - 2008 and 2015. In
other years, Germany was superior to the great powers.

GDP per capita of UK (36,500) is larger than France, Italy and Spain, but less than Germany, other Central
European and Nordic countries; 1.6 times smaller than Ireland. The average of the new EU member states and the
EU-28 (29.100) GDP per capita is lower than the UK. The UK was ranked 10th in the 2016 EU ranking.

4. Manufacturing of EU

We will first observe the main total quantitative indicators of manufacturing, their changes.

In 2016 largest turnover or gross premiums written of manufacturing were in Germany 1951 billion; Italy
898 billion, France 852 billion, UK 683 billion and Spain, 466 billion EUR.
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Figure 3. Turnover of EU and Germany, in billion EUR (Gross Domestic Product At Current Prices)
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In 2009 the EU-27 decrease of the turnover was 1,336 billion EUR or about one-fifth. In the following year,
while turnover increased, but in 2012 it was lower than in 2008. Thus, the turnover of the EU as a whole had not yet
gone out of the economic crisis. It was only in 2013 exceeded strongly the level during the boom.

With biggest turnover in Germany was the same trend. In 2009 the decline was 17.3%. In the following years,
however, was a big gain, but still remained at the 2011 level of just under (0.33%) yet to 2008 levels.

In 2016 largest production of manufacturing was in Germany 1738 billion, in Italy 889 billion, in France 763
billion and in UK 683 billion EUR.

Figure-4. Production value of enterprises of EU countries (Gross Domestic Product At Current Prices)
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The first decline of EU-27 production value of the manufacturing in test period has already in 2006 (-4.7%).
Also, in 2008 was small decrease (-0.3%). In 2009, the EU annual decline was 1.3 trillion or 19.9%, and in 2012 it
was not yet reached the level of 2008. In 2013 has already exceeded the 2007 level by 8.0%. Basically, the same
trend was also the big countries, with the exception of Germany. In Germany and Sweden was in 2009 also a large
decrease of production, but in 2011 exceeded strong pre-crisis levels. This trend applies from EU-15 countries also
on Belgium, the Netherlands and Austria.

In 2016 largest value added at factor cost of enterprises of manufacturing were in Germany 535 billion, in UK
222 billion, in Italy 213 billion, in France 208 billion and in Spain 102 billion EUR.

Gross operating surplus of enterprises of manufacturing of EU was in 2005 611 billion, in 2009 only 408
billion, but in 2015 already 714 billion EUR. In 2016 it was bigger in Germany 144 billion, UK 109 billion, Italy 81
billion, France 53 billion and Spain 40 billion EUR. In 2017 were it in Germany 173 billion, UK 96 billion, Italy 89
billion, France 59 billion and Spain 41 billion EUR (Gross Domestic Product At Current Prices).

Figure-5. Number of persons employees and employed of EU, thousands (Gross Domestic Product At Current Prices)
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The highest number of persons employed of the EU was in 2005. Next, it is decreased continuously in 2015
from 2005 was fall 12.1%. Number of persons employed of the EU is decreased nearly 4 million.

More than million workers of manufacturing companies are in eight the EU-28 members states, including
Germany are nearly three times more likely than the UK. In 2015 number of persons employed of manufacturing
were in Germany 7273 thousand, in Italy 3619 thousand, in France 2903 thousand, in Poland 2493 thousand, in UK
2498 thousand, in Spain 1769 thousand, in Czech Republic 1265 thousand and in Romania 1203 thousand. In 2016
were it in Germany 7361 thousand, in Italy 3662 thousand, in France 2906 thousand, in Poland 2584 thousand, in
UK 2590 thousand, in Spain 1855 thousand, in Czech Republic 1294 thousand and in Romania 1210 thousand
(Gross Domestic Product At Current Prices).

5. Working Efficiency or Labour Productivity

Table-2. Turnover per person employed of EU countries, thousands (Gross Domestic Product At Current Prices).

2005 | 2008 | 2009 | 2010 |2011 | 2012 | 2013 |2014 | 2015 | 2016

Belgium : 4509 | 3794 | 4415 |5025 |515.9 |519.7 |518.1 |473.1 | 498.0
Bulgaria 26.1 40.1 34.2 411 47.3 50.5 52.2 52.3 53.4 53.7

Czech Rep : 105.2 | 94.7 110.9 | 1204 | 120.7 | 118.9 |121.7 | 1241 | 1244
Denmark : 2435 |263.1 | 290.0 | 2555 | 2754 | 2823 |286.8 |297.0 | 364.8
Germany : 263.6 | 231.1 | 2528 | 2741 | 2744 |273.6 |278.1 | 2821 | 284.7
Estonia 48.4 69.7 62.9 82.0 100.2 | 101.3 | 106.6 | 107.6 | 106.3 | 109.1
Ireland : 497.8 | 5024 |587.3 | 6055 | 6255 |5975 |616.7 |116.2 (0125

Greece : 1553 | 136.9 | 1499 |170.7 |187.1 | 1953 |202.0 | 173.5 | 150.3
Spain : 2245 2006 | 2219 |243.7 | 253.1 | 257.6 | 2645 |264.0 | 2513
France : : : 2732 | 2941 | 2955 | 2918 |2883 |297.2 | 3129
Croatia : 69.0 58.6 61.1 63.3 64.0 62.1 65.0 69.5 75.8

Italy : 2219 | 1879 |217.6 | 2342 | 2356 | 233.7 |2374 | 2445 | 24238
Cyprus : 110.0 | 101.0 | 104.7 | 1028 | 100.1 | 97.6 100.6 | 101.2 | 102.4
Latvia 31.6 49.7 46.1 53.5 61.2 67.4 64.3 62.3 62.9 64.3

Lithuania 43.1 72.5 61.9 79.5 97.6 99.9 99.3 914 87.0 84.4
Luxembourg | 272.0 | 331.7 | 2516 | 366.0 | 4114 |408.2 | 393.2 | 3945 |398.6 | 393.7

Hungary 97.3 1285 | 1124 | 133.0 | 1434 | 139.3 | 141.1 | 1454 | 147.0 | 138.0
Netherlands : 412.3 | 349.3 | 3909 | 4453 | 464.1 | 452.7 | 490.6 | 484.8 | 469.6
Austria 213.0 | 2578 | 236.4 | 257.8 | 285.7 | 285.7 | 286.3 | 284.7 | 284.7 | 287.7
Poland 67.6 98.2 80.9 98.0 110.9 | 1149 | 1153 | 116.0 | 116.3 | 111.7
Portugal 87.0 104.3 | 96.7 109.0 | 118.0 | 121.7 | 1246 | 1239 | 1224 | 119.6
Romania 25.1 45.0 40.2 48.8 53.7 53.5 56.3 58.4 61.0 62.1
Slovenia 88.4 111.3 | 99.9 1159 | 126.1 | 125.2 | 126.3 | 130.8 | 133.1 | 133.9
Slovakia : 122.0 | 1144 | 1194 | 131.3 | 1441 | 149.4 | 148.7 | 152.2 | 150.5
Finland 302.2 | 355.7 | 292.7 | 3332 |357.7 | 3649 | 3834 |3747 | 365.9 | 366.5
Sweden 2094 | 2553 | 2126 | 2726 | 3024 | 3320 |329.8 | 3276 | 3325 | 3325
UK : 2259 | 1951 | 2226 | 2353 | 2539 |246.1 |257.8 | 2816 | 271.2
Figure-6. Turnover per person employed of EU countries. 2015 (Gross Domestic Product At Current Prices)
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All countries had exceeded turnover per person employed after the crisis the level of 2008, except Cyprus. From
2005 it was grown two times in Bulgaria, Estonia, Latvia, Lithuania and Romania, and 1.7 times in Poland. In
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absolute terms, from 2008 to 2015, the highest turnover per person employed was Ireland, EUR 1116.2. At the same
time, Ireland was more than twice as large as the Netherlands. The largest industrialized countries had higher
productivity in France and Germany, the Nordic countries Finland and Sweden, the CEE countries Slovakia and the
Baltic countries Estonia.

Turnover per person employed was higher in the medium-sized countries Ireland (1116.2), Netherlands (484.8),
Belgium (473.1), and others. Great countries it is higher in Germany (282.1), but still more than 3 times smaller than
Ireland. Smaller turnover per person employed was in new the EU Member States: Bulgaria (53.4), Romania (61.0),
Latvia (62.9), Croatia (69.5) and in the old Member States Portugal (122.4). The differences were highly significant:
the productivity of Ireland was 21 times higher than of Bulgaria.

In the new EU Member States in the last 10 years it has grown strongly, in the Baltic States, Bulgaria, Romania
and Poland more than doubled. In the old Member States, where labour productivity was already relatively high, the
increase was slower.

This is also the main reason why the wages in the new Member States are still several times lower than in the
old - low productivity. High productivity was also found in the EFTA countries of Switzerland and Norway.

For a partial overview of the manufacture by sector has been taken as a basis the EU28 medium and Germany as
the largest industrialized country in Europe in the 2016 period. We compare them with the country with the highest
productivity data in this sector.

We see, that the most the greatest work efficiency manufacture sectors are in Netherlands. Germany and Ireland
are not one of the leaders in the highest productivity of the manufacture sector. But of total is leader Germany, where
is also high productivity, but not EU top-max.

Turnover per person employed graphs and formulas (Gross Domestic Product At Current Prices)
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Sweden y = 0.0011x° - 0.0035x" - 0.6827x* + 11.231x> - 65.109x* + 156.52x + 104.97; R? = 0.9341
y = 0.0402x° - 1.3414x* + 16.056x° - 82.721x° + 185.72x + 88.773; R* = 0.9339

y = -0.0353x* + 0.6058x° - 2.1787x% + 9.7797x + 207.19; R? = 0.893

y = -0,3123x% + 5,7159x? - 15,271x + 229,23; R* = 0,8888

Austria y = -0.0155x* + 0.3506x° - 3.0708x? + 20.243x + 198.07; R* = 0.8912
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Germany y = 0.2703x* - 5.7305x® + 40.866x - 105.38x + 330.01; R? = 0.8527

y = -0.1218x + 3.3144x" - 33.668x> + 155.53% - 307.86x + 446.09; R* = 0.9867
UKy = 0.1652x" - 3.7476x> + 28.877x* - 76.393x + 272.51; R* = 0. 876

y = -0.1706x° + 4.4305x" - 42.893x> + 189.53x° - 360.1x + 435.16; R? = 0.9823

Table-4. Apparent labour productivity (Gross value added per person employed) of EU countries (Gross Domestic Product At Current Prices)

2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 2014 2015 2016
Belgium : : .| 83.9 80.4 89.3 87.1 89.9 95.7 98.9 103.5 1116
Bulgara 5.0 5.3 7.0 6.7 6.7 7.7 8.6 8.9 9.1 9.9 11.4 13.0
Czech Rep : : :| 232 | 21.6 24.3 25.8 | 25.7 25.9 27.3 28.3 29.0
Denmark : : c | 745 80.1 89.0 73.9 79.0 82.9 82.5 89.3 110.4
Germany : : .| 63.9 57.0 65.8 68.7 67.2 67.9 715 73.6 77.4
Estonia 12.1 14.4 17.3 17.8 16.0 19.9 22.9 22.7 23.7 24.7 24.6 26.3
Ireland : : ;| 159.3 | 166.8 | 189.6 | 200.0 | 207.9 | 196.6 | 194.1 | 441.7 406.5
Greece : : o | 39.5 42.2 41.9 40.2 38.1 35.6 35.2 858 335
Spain : : .| 52.6 48.1 52.7 53.9 53.0 53.6 56.6 57.6 56.8
France : : : : .| 625 63.8 63.9 64.2 66.7 71.7 73.6
Croatia : : o | 19.3 17.4 17.6 175 17.4 17.4 18.2 19.2 21.8
Italy : : .| 48.0 43.2 51.4 52.9 51.8 53.2 55.8 58.8 61.4
Cyprus : : 1| 339 33.3 | 33.0 31.0 | 29.7 284 | 29.8 314 32.4
Latvia 8.8 10.8 135 13.4 11.3 14.2 14.5 15.9 15.6 16.1 17.4 18.0
Lithuania 9.7 9.9 12.2 11.6 11.5 14.0 15.6 15.0 145 15.8 19.1 19.6
Luxemboug 73.6 76.1 94.1 84.3 58.2 70.4 72.5 70.8 70.8 75.8 78.1 92.8
Hungary 21.1 22.0 24.2 25.5 23.3 26.7 28.1 26.9 28.0 29.3 30.6 29.5
Netherlans : : .| 78.8 73.6 83.7 87.2 87.2 84.8 87.1 93.1 97.9
Austria 67.0 71.6 75.8 73.8 68.0 75.5 79.7 78.4 76.9 79.3 82.6 86.5
Poland 195 17.4 19.9 22.3 18.8 20.6 22.6 22.2 23.2 23.8 24.8 24.8
Portugal 21.8 22.9 24.4 24.3 23.3 26.1 25.3 25.1 26.2 26.8 28.7 29.3
Romania 5.6 7.0 9.2 11.0 9.6 11.3 11.4 115 12.0 13.4 12.8 14.0
Slovenia 24.7 27.1 29.0 29.1 25.6 31.3 32.7 32.3 33.3 36.5 37.3 38.8
Slovakia : : o | 18.1 16.6 21.5 21.8 21.9 22.8 25.0 27.3 26.9
Finland 74.4 82.4 81.6 76.0 58.0 715 69.7 65.5 69.6 70.8 74.0 81.2
Sweden 59.8 64.2 67.5 66.8 57.9 7.4 80.4 81.2 82.8 83.2 90.1 89.9
UK : : .| 66.3 55.6 66.1 69.2 72.1 72.1 76.1 89.0 78.1

Pre-crisis level exceeded in 2012 aII countries, with the exception Croatia, Cyprus, Greece and Finland. Large
variations were not. In 2009 no declined labour productivity in Ireland, Sweden and the UK, but also in Baltic States.
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Figure-7. EU and EFTA countries apparent labour productivity (Gross value added per person employed). 2015 (Gross Domestic Product At
Current Prices)
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Apparent labour productivity (gross value added per person employed) was the highest in 2015 in Ireland
(441.7), Belgium (103.5), Netherlands (93.1) and Sweden (90.1). In new the European Union Member States was
greater apparent labour productivity in 2015 from CEE-8 countries Slovenia (37.3) and from Baltic States Estonia
(24.6). Among the new members, it was also relatively high in Cyprus (31.4). Gross value added per person
employed was lower in Bulgaria (11.4) and Romania (12.8). The differences were very large, up to 39 times. Over
the years, this gap has increased.

Gross value added per person employed graphs and formulas (Gross Domestic Product At Current Prices)

150 +— —— Luxembourg . Austria s Finland
14p 1 — Sweden — — — — Polynom 5 [Lux) — — — — Polynom 5 (Finland)
— —— — Polynom 4 (Austria) Linear (Sweden)

130

120 y (Sweden) = 2,9518x + 56,044; R = 0,815

10 y (Finland) = 0,0437x" - 0,4497x* + 5,5235x" - 30,442 + 69,232x + 30,106; B* = 0,6745

100 ¥ (Lux)= 0,0067x" - 0,2594x* + 3,7491x" - 24,22 + 64,526x + 27,324; R® = 0,4599
a0 Ty [Austria) = -0,0094x* + 0,2614x - 2,2516x° + 8,7875x + 60,915; R = 0,7035

s

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Sweden y = 0.0175x° - 0.53x" + 5.8296x° - 28.037x* + 58.313x + 23.582; R* = 0.8936

y = -0.005x* + 0.0838x° - 0.2121x? + 1.4263x + 59.982; R* = 0.8286

y = -0.0365x% + 0.7451x* - 1.4002x + 62.327; R* = 0.8277

y = 0.0885x* + 1.8903x + 58.344; R* = 0.8207

Luxembourg y = 0.0067x° - 0.2594x* + 3.7491x> - 24.22x* + 64.526x + 27.324; R* = 0.4599
y = 0.0079x° - 0.2773x° + 3.703x" - 23.188x> + 67.553x” - 78.782x + 103.4; R? = 0.5226
Finland y = 0.0137x° - 0.4497x* + 5.5235x° - 30.442x* + 69.232x + 30.106; R? = 0.6745
Austria y = 0.0104x° - 0.3205x* + 3.6558x° - 18.738x* + 42.492x + 39.348; R* = 0.8157

y =-0.0094x* + 0.2514x° - 2.2516x° + 8.7875x + 60.915; R? = 0.7035
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3 Denmark . Germany 1 Spain
160 -~ =—France ERsSS Italy 1 Netherlands
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— — — — Polynom 4 {NL) — — — — Polynom & (Denmark)
140
¥ (Germany) = -0,0374x* + 0,5665x" - 0,7533x + 61,95 R® = 0,711
120 y [NL) = 0,1688x" - 2,9763x" + 17,427x% - 36,119x + 99,62; R = 0,9256
y (Denmark) = 0,0926x% - 2 4945x% + 26, 19x* - 134,94x% + 351,52 - 425,03x + 259,07; R® = 0,8819
100
¥ (UK) = 0,01 44 + 0,387 2% - 1,1319x +63,?iFl_2 =10,8319
a0 il IS 0 (L=~
.E.D. 4
41} -

2011 2012 2013 2014 2015

Germany y = 0.108x"* - 1.9806x° + 12.303x? - 27.68x + 80.271; R* = 0.8291

y = -0.0374x® + 0.5665x* - 0.7533x + 61.95; R = 0.711

UKy = 0.0144x° + 0.3872x° - 1.1319x + 63.7; R* = 0.8319

NL y = 0.0629x° - 0.9292x° + 5.996x + 70.964; R* = 0.7169

y = 0.1688x"* - 2.9763x> + 17.427x* - 36.119x + 99.62; R* = 0.9256

Denmark y = 0.0068x° - 0.254x* + 3.3893x° - 19.619x* + 48.081x + 42.3; R* = 0.595

y = 0.0926x° - 2.4945x° + 26.19x"* - 134.94x> + 351.52x%° - 425.03x + 259.07; R? = 0.8819

There were basically same trends as gross value added per person employee. It was the highest on 2015 in
Ireland (457.9), Belgium (110.9), Sweden (99.6) and Netherlands (99.2). It was lower in Bulgaria (11.9) and
Romania (12.9). It was the highest in 2016 in Ireland (420.3), Belgium (112.6), Sweden (99.9) and Netherlands
(104.4). It was lower in Bulgaria (13.6) and Romania (14.2).

The differences were very large, in 2015 38 times, but in 2016 only 31 times.

The same comment that was turnover per person employed also applies to this for apparent labour productivity.

Take the basics this publication and the previous work of the authors (Tanning L. and Tanning,
2008;2009;2012;2013a; Tanning T. and Tanning, 2013d; Tanning T. and Tanning, 2013e; Tanning L. and Tanning,
2013b; Tanning T. and Tanning, 2013f; Tanning L. and Tanning, 2013c;2014a;2014b;2014c;2014f;2014d;2014e;
Tanning T. and Tanning, 2014h; Tanning and Tanning, 2015; Tanning T., 2017a;2017b; Tanning L. and Tanning,
2018a;2018b;2018c), we can make the following conclusions and suggestions.

6. Conclusions
» Germany is largest European economy, also by manufacturing, the EU economic motor, which depends on
development of most economic indicators throughout of EU.

» Companies were brought out of the economic crisis by the growth of labour productivity.

» The importance of large companies, especially those with 250 and more employees, was decisive.

» Countries economy has increased after the crisis. Whether economic growth achieved smaller number
personnel, it means expense labour productivity?

» Number of persons employed of the EU from 2005 to 2015 was fall 12%, decreased over 4 million persons.

» Highest turnover per person employed was Ireland, Netherlands and Belgium. The largest industrialized
countries had higher productivity in France and Germany, the Nordic countries Finland and Sweden, the
CEE countries Slovakia and the Baltic countries Estonia.

» In the new EU Member States in the last 10 years it has grown strongly, in the Baltic States, Bulgaria,
Romania and Poland more than doubled. In the old Member States, where labour productivity was already
relatively high, the increase was slower.

» The greatest work efficiency manufacture sectors of the EU are in Netherlands.

» Apparent labour productivity (gross value added per person employed) was the highest in Ireland, Belgium,
Netherlands and Sweden. In new the EU Member States was it greater from CEE-8 countries Slovenia and
from Baltic States Estonia.

» The differences of labour productivity in the EU were very large.

» This regression analysis has been used in relatively high productivity and stable economies countries. As the
level of European economy is primarily determined by the great powers, they are also given more attention.

» Labour productivity changes laws of manufacturing are very complicated. These mathematical models
typically have 3rd to 5th degree polynomials curve, with no linear dependency.

» The suitability of a polynomial curve is evaluated using the methods of classical regression analysis: the
higher the R? the more accurate the mathematical model for assessing dependence.

> If the difference in R? for a polynomial curve of different degrees was small, was selected simpler

mathematical model with a lower degree of polynomial.
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» For all regression analysis cases discussed here, the polynomial degree was greater than 0.45. It is
characterized by a relatively stable economy in these countries, which proceeds according to certain rules.

> Inindividual cases, R? has approached to 1, therefore, the functional relationship.

> Very big R? were Germany: polynomial curve of GDP - simple 2nd degree polynomial, where R® = 0.9422;
the curve of turnover per person employed is a complex 5th-level polynomial where R? = 0.9867. Very big
R? of curve of turnover per person employed 5th-level were the UK = 0.9823; Sweden = 0.9339; Ireland =
0.9281 (6™ degree = 0.9789) and 4th-level were Belgium = 0.9397.

» Regression analysis was also used by independent variables by stable Belgium. Polynomials of varying
degrees could be shifted to predict for up to 3 years. This method showed up to three times the drop or
increase in the current degree polynomial, depending on the level of the indicator. This is absurd. Because
the changes in the real economy is relatively complex, which is characterized by polynomials, then can be
done the conclusion: the independent variables method is not suitable for economic analysis making
forecasts.

» At the same time, knowing the laws of labour productivity changes allows you to make optimal decisions
both in the economy and in politics.
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