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integrity. It is obvious from chart no. 3 that states like Estonia, Lithuania, Latvia and
Romania have reached the highest average amount increase of GDP in the first
monitored period. They also have had the highest amount increase of labour
productivity. On the other hand they have recorded significant year average decline in
capital-productivity, which caused constant TFP.

Table 3: Average growth rate of indicators
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In the same period Germany (0.83%), Denmark (0.9%), Italy (0.9 %) have got almost
unchangeable average amount increase of gross value added. They also have achieved
almost the same level of amount increase of all productivity indicators except Italy. All
Italian indicators of productivity reached less than 1, which means they were declining
The average real value of gross value added was increasing faster in 2005-2007 period.
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The average real value of gross value added increased in Latvia and Slovakia the most
significantly (more than 10% a year). The both states have one of the highest values of
labour productivity. There is also apparent that states which record the highest value of
growth rate of TFP increasing their average growth rate of labour productivity and
capital productivity which is basically called single factor productivity.

Table 4 llustrates correlation matrix of growth rates of individual indicators at the level
NUTSH in years 2000 - 2007. The highest dependence was measured between indicators
capital productivity and capital-labour ratio

‘Table 4: Correlation matrix
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This dependence was indirectly, it means when interannual gross fixed capital formation
per employee growth, the growth rate of capital productivity declines (gross added
values growth slowly than gross fixed capital formation). Another strong linear
dependence (0,89 or. 0,85) was discovered among growth rate of indicator TFP and
growth rate of capital productivity, however not among indicators TFP and labour
productivity. These indicators are independent. It is necessary to thing about discovered
dependence between TEP and productivity of capital. In the methodical procedure of
calculation TFP has each production factor weight, which take account of importance.
The sum of exponents is equal one. The exponent of production factor labour is all right
(base on share compensation of employees on the gross added values). Gross fixed
capital formation was increase on supplement into one. This supplement cover ratio of
sum gross operational surplus products and net taxes on the gross added values. Gross
fixed capital formation has overvalued importance (strong dependence),

The medium strong indirectly dependence was found between growth rate capital-
labour ratio and TEP (- 0,7). The higher dependence growth TFP on the growth rate of
capital productivity imply to indirectly dependence between growth rates of indicators
TEP and capital-labour ratio
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Conclusion

Generally, productivity represents one of the basic indicators which pictures produce
capability of economy and therefore the attention of this article was focused on it.

Analysis of labour productivity in Czech Republic comparing to EU shows that the value
of this indicator is increasing faster in the Czech Republic than average value of labour
productivity in EU. This fact is caused by higher economic growth in that states and
significant effort of substitution human labour by new technologies but level of labour
productivity is approximately one third comparing to average value of EU.

Labour productivity was finding out by various indicators changing in denominator
(Employment - domestic concept. employment national concepts and worked hours).
Level of indicators and as well as growth rate counted from them differ depending on a
definition of the indicators. According to analysis it is certified that the states with the
higher increase of gross value added than is average of EU also state above-average
growth of labour productivity. At the time there is obvious from progress of indicators
that if both indicators of single factor productivity yearly increase then TEP increases as
well,

Primary objective of written study was to find out relations between indicators single
factor productivity and total factor productivity in relation to progress of gross domestic
product. It was used regression analysis to gain results in all member states of EU,
Switzerland and Turkey in 2000 ~ 2007 period. The correlation matrix showed that
closest dependence is between capital productivity growth rate and capital labour ratio.
The mentioned dependence is non liner which means that growth rate of capital
productivity declines when year growth of gross fixed capital per employee increases.
The main reason might be an investment structure. There might be seen more
investments to building construction and infrastructure in past years but their
productivity is not so efficient (gross value added increases slower than gross fixed
capital formation). Time effect of investments or acquisition expensive investments
carries substantial role. That means there is not in full turned profit. Next strong linear
dependence is between growth rate of TFP indicator and growth rate of capital
productivity (0.89 or 0.85). This is not supposed to be said about TEP indicator and
labour productivity. Capital productivity does not significantly influence TEP with
impact on growth labour productivity. According to findings is obvious that some
indicators might be substitute and replace
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Relationship between Single Factor and Multifactor
Productivity Measures at the Level of NUTS1

Abstract
Productivity connects input and outputs to the only one indicator, and it in this way.
res performance of economies more accurately than basic macrosconomics
aggregates. Namely it reflects dissimilarities in the development of sizes and inensity.
of input and output. The paper at first deals with position of Caech republic in
European union by means of differently defined indicators single-factor analysis of
y in absolute height. The subject of comparison has aiso been
factor and malfi-factor productvity proportions. Further the paper fries
on, whether territorial nits NUTSL with high grovth of gross
also high productvity growth, Consequently it analyses
betiween indicators of single actor producivity and total factor productiviy (TE) in
connection with de: v n analysis at
the level NUTSL within European Union count
evalustion the development of particular indicator in ti s monitored
average growth rate in period 2000 - 2005 and in period 2005 - 2007. During analy
was mainly considred standard neo-classical growth Solow model. From the analyse
was found clos
capitallabour ratio, namely indirect dependence, so that on annual
production capital per employee, growth rate of capital product
though new investments productivity is small, because the great part from
info infrastructure. Another strong linear dependence was ds
rate of TEP indicator and growth rate
indicators TFP and labour productivy.
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added
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Introduction

In accordance with general understanding of efficiency, the positive development of the
whole economy, regions respectively, is shown by the growth of values in the ratio of
product to the labour provided (labour productivity) or of the ratio of the product and
the capital reserve (capital productivity). Statistical measurement is realised in different
modifications and depends on type of output and input. Since productivity connects
input and output into one indicator, it measures the performance of economy more
exactly than macro-economic aggregates. It reflects differences in the development of
scale and intensity of input and output.
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1. Literary Survey

The economic theory of productivity measurement goes from the work of Robert Solow
(1957). They formulated productivity measures in a production function context and
linked them to the analysis of economic growth. The standard neo-classical growth
‘models of Solow (1956). the overlapping generations model of Samuelson (1958) have
been challenged by the literature on endogenous growth (Romer 1986, Lucas 1988). The
neo-classical paradigm considers technological change as an exogenous process
whereas the endogenous growth literature makes this process endogenous ( Miller,
Upadhyay 2002).

Growth theory has two main objectives. The first is identification of mechanisms
underlying the process of economic growth and, in particular, the reasons why growth
can be sustained in the long run, avoiding decreasing returns to productive factors. The
second objective is the explanation of the persistent patterns of geographical inequality
in economic performance (Bhattacharjee, Castro, Jensen-Butler 2009)

Productivity is an economic concept: it is the ratio of output to input (Norsworthy, Jang
1992). There are many different productivity measures. The choice between them
depends on the purpose of productivity measurement and. in many instances, on the
availability of data. The simplest and the most frequently-encountered measure is
Iabour productivity. Labour productivity is defined as gross value added or gross output
per worker and per worker-hour (0'Mahony at al. 2008). The capital productivity index
shows the time profile of how productively ¢apital is used to generate value added.. The
capital input measures the service flows from the level of the physical capital stock
(Yasser, Joutz 2005). The importance of all factors of production summarises indicator
of total factor productivity (TFP). TFP is empirical indicator of the effect of technical
change on productivity and a driver of economic

Table 1: Overview of main productivity measures
Type of input measure

Capital and

Labour Capita i

messure ‘material,

Capitallabour KLEMS
MFP (basedon | multfactor
gross output) productivity

Tabour Capial
productv productivity
(bssedongross | (based ongross

outpu)
Capital
productv productivity
(basedon (based on value
added) adde

Gross output

Capitallabour
MEP (based on
value added)

Multifactor productivity (MFP)

Single factor productivity measures easures

Source: Measuring Productivit. Measurement of sggregate and indiustrial level productiaty growth.
OECD Manual. Paris. 2001

2. Material and methodology

The aim of this paper is to find which EU states have had a high (low) growth of
productivity (single- factor and multi-factor productivity) in the recent years and
consider the position of the Czech Republic in the European union. The nest aim is to
analyze, if the states with high growth gross domestic products (GDP) have high growth
of productivity. The last aim is to consider relationship among differently defined
indicators of productivity and to analyse development of single-factor and multi-factor
productivity.

The tools for this evaluation were the indexes of labour productivity, capital
productivity and indesxes of total factor productivity (two production factors were taken
in consideration: labour (L), capital (K)) and their analysis. The total factor productivity
A1/A0 index (TFP) was calculated using the indexes of product (¥). capital (K) and
labour (L)

where Y1/Yo is the index of the real product (gross domestic product in constant prices),
Ki/Ko is the index of gross reserve of long-term capital, L1/Lo is the index of worked
hours, the mean number of workers respectively, aus is the arithmetic mean of the ratio
of compensation to workers on gross added value in the basic and current period, axis
the arithmetic mean of proportion of gross operational surplus on the gross added value
in the basic and general period and therefore ou: +x=1 applies.

EUROSTAT was the source of data of the EU member states in 2000 - 2007 in order to
secure comparability of data. The output of economy of individual states (¥) was
characterized by indicators: Gross domestic product (GDP) at market prices or Gross
value added (GVA). To carry out temporal and spatial comparison it is convenient to
part from indicators purified from inflation. Therefore macroaggregates in prices of
2000 were given priority. The index of employment was found out by means of the Total
employment-national concept indicator (E-NC). Index contain economical active
population (persons) without unemployment. Next indicator which is monitoring by
EUROSTAT is total employment - domestic concept (E-DC). This indicator is increase by
foreign workers in Czech Republic and reduce by Czech workers in foreign countries.
For calculation is possible go out from hours worked. The labour productivity has been
calculate with utilization different definition of employment rate. On the basis of the
indicator of Gross fixed capital formation (GFCF), reference year 2000, capital
productivity was calculated. On the basis of the indicafor of Gross fixed capital formation
and Total employment-national concept another indicator can be determined-the labour
employment of capital (K/L).

For the analysis of the rates of surpluses the additive relation was used that is an
approximation because only the product of indexes of factors and productivity of
production factors equals the HPH index. These approximations are acceptable only for
smaller changes (Jflek Vojta 2008),
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For the analysis relationship among indicators was used correlation analysis. The
correlation analysis deal with interrelationship dependence. This analysis put more
emphasis on intensity interrelationship, than on research cause ~ consequence (Hindls,
Hronova, Seger, Fischer 2007). The power of linear dependence between couple of
variables is found out by paired correlation coefficients, which is presented in form
correlative matrix symmetrical along main diagonal (Hindls, Hronova, Novék 1999). The
independence of indicators means there no possibility of correlation, but between these
indicators can be non-linear relations (Hebak, Hustopecky1987). The indicators of
intensity represent the force of interrelationship between variables and value the force
interrelationship with regard to regression function (Seger, Hindls, Hronova 1998).

3. Results and discussion

Chart no. 2 illustrates progress of absolute value differently defined single factor
indicators of productivity including capital- labour ratio, which is closely connected with
progress of mentioned indicators regarding the Czech Republic and EU (25 states). The
comparison shows that the Czech Republic lagging behind in all monitored indicators.
The biggest difference occurs in labour productivity. Czech indicator draws near one
third of labour productivity level measured per employee in 2007. The result is even
worse per worked hour which takes 27,7% of EU 25 level. Relation of labour
productivity (The Czech Republic and EU 25) is getting better from 2000, i. growth rate
of labour productivity is higher than in EU. That s also showed in the graphs no.1, 2 and
ina chart no 3, which makes positive fact. There is no such a big difference regarding of
capital productivity. The value of mentioned indicator makes 78, 6% of EU value in
2007. An indicator of capital-labour productivity is closely related with indicators of
single factor productivity and says how much EUR of gross fixed capital formation is per
one employee. We can also see the mildly increasing value of mentioned indicator
regarding The Czech Republic as well as EU 25 in chart no. 2.while the growth rate value
of Czech Republic is slightly higher despite the value of the Czech Republic presents
41,45% value of EU 25 in 2007.

Table 2: Progress of value indicators in prices of reference year 2000
Labour productivity | Labour productvity | Capital productivity | Capita-labour rati
VA/EDC | GVA/hoursworked | GVA/GRCE GECF /E-DC
(EURO pert (Europer Lhour | (EUROper1EURO |  (EUROperi
ployee) GeCr) ployee)
wEs) [ U (5) U (25)
41539 | 11078 13 9610
11508 138 1| o573
11735 136 9478
12264 136 9564
12748 YTy 9770
137 10005
125 10437
10781

Graph no.1 illustrates year-growth rate of monitored indicators in the Czech Republic
and EU 25. It is apparent that the progress of the indicators in the both monitored
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locations is distinct. Generally Czech labour productivity is increasing faster than in EU
25. The difference of progress productivity indicators computed as E-DC and E-NC is
caused by structure of this indicator. For example there is an obvious difference in
‘growth rate especially in 2005. While labour productivity calculated from employment -
domestic concept yearly increases (the increase value was 4,12% in 2004 and 5,46% in
2005) while the growth rate of labour productivity calculated from employment -
national concept slows down (value was 456% in 2004 and 427% in 2005). This
discrepancy is made by the fact that national concept in this year increased faster than
employment - domestic concept. It means there was a reduction between non-resident
working in the Czech Republic and residents working abroad. During next years the
difference was stabilized and therefore the both indicators have similar growth rate. The
biggest difference of growth rate of monitored indicators (labour productivity calculated
from hours worked) is apparent as well as in the Czech Republic as in EU 25. This
indicator appears comparing to others as the most accurate because it reduces
differences between working time in the particular member states. The growth rate of
this indicator in the Czech Republic approximately copies progress of other productivity
indicators except the years 2001 and 2002. There are more obvious discrepancies in EU
25. The growth rate of labour productivity calculated from worked hours in all years
exceeds the growth rate of other indicators. The biggest differences occur until 2004

‘Gragh - Growih atsof ndicators of labour produotiviy i e Czeoh Republio and
Eu@s)

1000

0 o2 oo o o5 o o

Graph 1: Growth rate of indicators of labour productivity in the Czech Republic
and in the EU (15)

The next step was focused on single member states of European Union. The area that
has been monitoring was concentrated on average year differences of single factor
indicator and total factor productivity (TFP) regarding of GDP progress (chart no. 3).
There was determined average growth rate in 2000-2005 periods as well as in 2005-
2007 periods for progress evaluating of particular indicators because of data clarity and
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