| Vol.6 | Issue1 | 2012 | 4-12

Received: 18 11 2011 |

M. Gawrycka, A. Sobiechowska-Ziegert, A. Szymczak

Accepted: 16 03 2012

The Impact of Technological and
Structural Changes in the National
Economy on the Labour-Capital Relations

Matgorzata Gawrycka, Aneta Sobiechowska-Ziegert', Anna Szymczak?

The aim of the research presented in this paper is to show the relations between labour and capital
in the national economy, resulting from technological and structural changes taking place in the
years 1991 to 2008 and to indicate of their importance for economic growth.

The paper presents the functional determinants for the Polish economy in 1991-2008 affecting the
phenomenon subject to study as well as the preliminary analysis of relations between capital and
labour and their impact on the GDP. In the research the econometric methods of description and
inference based on the concept of macroeconomic Cobb-Douglas production function in both
static and dynamic approach were used. The study shows that increase in production in the na-
tional economy was largely the result of capital growth during the analysed period. The main factor
of economic growth however in the years 1998 to 2008 was the technological progress. The results
may be the implication for economic policy in terms of investment and employment.
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Introduction

The transformation of the Polish economy has con-
tributed to the elimination of a number of distortions
functioning on the labour market. Dynamic structural
changes forming the basis for a new economic system
- privatization and restructuring of enterprises in the
initial transition period - led to both negative and
positive changes on this market. From the standpoint
of the labour market, the negative effects of impact of
the implemented reforms include, inter alia, the loss

of jobs and rising unemployment as well as decreased
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professional activity of the population. The positive
effect of the changes include the process of rationali-
sation of the labour resources consisting in the adap-
tation of the structure of involved resources and meth-
ods of their use to the existing economic conditions.
Companies began to pay increasing attention to labour
productivity. Available technical devices generated by
the involved capital required adapting the labour re-
sources to a level resulting from the economic calcu-
lation. The labour rationalization process is continu-
ous and characteristic of any market economy. Only
its causes change. One of them is striving to achieve
a competitive advantage of companies and their fur-
ther development. It should be emphasized that the

increasing international mobility of production factors
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creates the need for flexible adjustment of resources

to current market needs, which ensures maintaining

competitive position on an international scale.

By making structural changes individual countries
aim to reduce development disparities compared to
highly developed countries. The result of the ongoing
changes is the observed convergence processes. Stud-
ies by Caselli and Tenreyro (2005), Ben-David (1993)
and Berman, Bound and Machin (1998) show that in
the years 1950-2000 there occurred real convergence
associated with offsetting the level of GDP per capita
and labour productivity. Real convergence in GDP per
capita concerned cutting down the span of GDP per
capita among others in Greece compared with France
and the EU countries in relation to the U.S.

In order to deepen the analysis of structural changes
taking place in the Polish economy, it seems relevant to
identify the causes of real convergence. The literature
on the subject refers to four types of convergence (Ca-
selli & Tenreyro, 2005):

e neoclassical, which is based on the assumption that
countries with a lower stock of capital grow faster,
because it is possible to increase the return on the
capital employed,

o related to overcoming technological backwardness
(explained by the theories of endogenous growth)
- convergence is due to the flow of modern tech-
nological solutions from countries with high levels
of new technologies to countries with a low level of
technological development,

e associated with international trade, which is ex-
plained by the creation of bigger exchange oppor-
tunities on a common market for countries inte-
grating with those that have so far remained within
the structures of a given market,

e structural transformation which resulting from the
reallocation of production factors between sectors
of the economy (movement from sectors with low
productivity of labour and capital to sectors with
higher productivity).

Each of those types of convergence has an effect on

changes on the labour market. It is difficult to clearly

identify which one of them most significantly affected
the degree of utilization of labour resources, because
in 1991-2008 several processes took place simultane-
ously: transformation, restructuring, integration and

globalization. Literature suggests that the intensity of
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structural changes in the national economy is high in
the period of accelerated technological and organi-
zational progress, quick economic growth, modern-
ization of the economy, structural changes and those
resulting from changes in foreign trade. All of the
processes were characteristic of the Polish economy
in the aforementioned years and contributed to its
development and a significant reduction in the gap
between the Polish economy and the world's leading
economies. In terms of economic development mea-
sured by GDP per capita, Poland is still at a very distant
position, even in comparison with the least developed
countries of Western Europe.

In the endogenous growth models the difference in
the levels of development of economies is explained not
only by the accumulation of physical capital but also by
the accumulation of human capital. Human capital has
become a production factor expressing a certain level of
technical expertise. The inclusion of technical knowl-
edge growths to the production function as a produc-
tion factor causes that the level of growth adjusted by
the level of technological development depends on the
accumulation of physical capital, i.e. investments and
savings. It should be noted, however, that the growth
rate of investment in physical capital, and therefore the
savings for those investments, depends on the growth
of human capital resource designed to “support” the
new stock of physical capital (Porisko, 2000).

One may find that by increasing the effectiveness of
the particular production factors technological prog-
ress will contribute to the growth of competitiveness
of a given country. In order to determine the impact
of technological progress on the production capacity
of the economy, in further considerations of this study
only the impact of two production factors was exam-
ined: labour (L) and capital (C) and their impact on
the GDP.

Rarely does technological progress affect capital and
labour efficiency in a balanced way (neutral technolog-
ical progress). It usually changes their relation in the
production process by increasing labour productivity
(labour-multiplying technological progress) or capital
productivity (capital-multiplying technological prog-
ress). In the long run technological progress produces
two opposite effects: the effect of capitalization and re-
duction of jobs. The effect of capitalization, in the case

of neutral technological progress, contributes to the
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increased demand for labour. Whereas, capital-based
technological progress reduces it. Thanks to the pro-
cess of reallocation of labour resources across sectors
of the national economy, technological progress does
not necessarily have to lead to changes in the employ-
ment level in the long run (Bukowski & Dyrda, 2009).

The aim of the research presented in this paper is
to present the relationship between labour and capital
in the national economy resulting from technological
as well as structural changes taking place in the years
from 1991 to 2008 and indication of their importance
for economic growth.

Technological changes taking place in the economy
depend on the achieved economic growth and the
level of ongoing investment. Both processes are de-
termined by changes in the external environment and
institutional reforms on the labour market. The effects
of structural reforms for the labour market with em-
phasis on technological changes are presented on the
figure 1. The number of jobs offered in the economy
is influenced by labour demand and labour supply, to-
gether with its specific features. The demand for labour

depends on the activity of the economy (economic
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growth) and technological changes that determine the
intensity of the use of work and qualification require-
ments. Labour supply is determined primarily by two
factors: the number of working-age population and
the degree of the population’s professional activity. The
first of those factors is exogenous, because changes in
the number of working-age population are largely de-
termined by the birth rate from before at least 18 years.
In the case of the second factor, the most significant
seem to be the wages and the unemployment benefits,
as well as legislation influencing the labour market.
Tangible investments are the main determinant of
technological changes implemented in an enterprise.
By increasing the amount of capital they contribute to
the increase in the production capacity of the enter-
prise in the future. We must remember that a manu-
facturing process consumes physical capital. In order
to maintain the existing capital stock it is necessary to
reconstruct it. In the available sources the measure of
capital accounting for both investment processes, as
well as the amortisation of assets (depreciation) is the

net value of fixed assets.
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Figure 1. Impact of structural and technological changes on employment in national economy
Note. Adapted from Weller, J. (2001). Economic reforms, growth and employment: Labor markets in Latin America and
Caribbean. Chile: ECLAC.
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An enterprise, guided by economic calculation
aims at such a combination of production factors
which will contribute to achieving the desired effects,
such as an increase in goodwill. As a consequence of
those processes specific relationships between the
amount of involved physical capital and work will
emerge. The structure of capital and labour depends
on the relationship between their prices and the effi-
ciency of use of individual resources. Therefore, capi-
tal can be both complementary for and substitutive
with labour. For a complementary relation, a manu-
facturing process can not occur in the absence of even
one of the production factors. Thus, capital growth
generates increased employment. However, the sub-
stitution effect influences the employment drop as
a result of replacing one factor with another, in this
case — labour with capital.

The empirical research conducted by Ripatti and
Vilmunen (2001) for the economy of Finland shows
that clear complementarity (low substitution rate)
occurred between capital and labour. This example
appears to be particularly interesting because of the
strong technological changes and structural adjust-
ments that occurred in that country after 1990. The
authors of the study explain the low substitutability
level between capital and labour with the nature of
technological progress dominant in Finland. There
occurred the so-called Schumpeter process of de-
struction of jobs with low productivity level (Ripatti
& Vilmunen, 2001; Wojtyna, 2010). They concluded
that the low elasticity of substitution of labour and
capital does not result from the specific structure of
economic institutions in a given country (e.g. USA
and Finland), but rather reflects the aspects of tech-
nology and production (Jalava, Pohjola, Ripatti &
Vilmunen, 2006).

Research Methodology
In order to achieve the defined empirical objective
econometric methods of description and inference
were used. These methods help review the operation
of overall economic rules in relation to specific com-
munities.

The most commonly used methods to describe the
relation between capital and labour on the one hand
and product on the other are two functions: CES and

Cobb-Douglas. There has been a discussion going on
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in the literature for years on the advisability of using
these functions (Mulat, 1980). Both have advantages
and disadvantages. The CES function occurs in many
variants allowing to conduct research using spatial or
time series data, and allows the estimation of elastici-
ty of substitution of production factors. In its original
form it is criticized as overly restrictive because of the
assumption of no impact of technological progress
on the marginal productivity of production factors.
The Cobb-Douglas function is simple in terms of es-
timating the parameters that determine production
flexibility against the changes of labour and capital
(Tokarski, 2003), but it is criticized for being gener-
ally easily adaptable to empirical data, even if it does
not provide a satisfactory economic interpretation
(Miller, 2008; Aiyar & Dalgaard, 2009). Initial esti-
mates made by the authors during the study period
show that the elasticity of substitution of production
factors is close to one. Therefore, the authors decided
to use the Cobb-Douglas production function. The
Cobb-Douglas production function in its general

form can be presented as follows:
Y=e"xC"xL"> [

where: Y - production volume, C - capital expendi-
tures, L — workload, « - parameter projecting produc-
tion growth if the workload increases by one.

It results from the characteristic of the power func-
tion that the flexibility of the Cobb-Douglas function

against (C) and (L) is constant and equal respectively:

VLT

Therefore, if — ceteris paribus — the amount of capi-
tal increases by 1%, the production volume increases
by «,%, and with the increase in workload by 1% the
production volume increases by a,% (subject to capital
stability). The Cobb-Douglas function also allows the
interpretation of the simultaneous impact of changes

of the factors on the production, that is the flexibility of
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production against the scale of outlays. This elasticity

is equal to the degree of homogeneity of function':

a = X—=0 +a, [4]

Thus, if all production factors simultaneously increase by
1%, the production volume will increase by («, + &,)%

In order to measure the impact of technological
change on the production value, it is necessary to
choose the form of aggregate production function,
which is associated with the adoption of certain as-
sumptions on the structure of relations between the
production factors and the impact of technological
progress on them. For statistical data presented in the
form of time series a dynamic Cobb-Douglas is often

used which takes the following form:

Y =e% -C" - L"-e™ e 5]

The time variable t represents the so-called technical
progress factor which means that the same level of la-
bour and capital outlays leads to an increase in pro-
duction. Therefore, we can say that in every period the
value of production increases e’ times, i.e. the relative
increase in the production value is e~ 1.

The initial task in the construction of an economet-
ric model is to define the independent variables. The
selection criterion should be the substantive knowl-
edge of the studied phenomenon. One should choose
such factors (independent variables) that have a signif-
icant influence on the phenomenon studied (depend-
ent variable). In this article, the production measure
Y is the GDP at current prices, the value of labour L is
the average employment in national economy and the
capital C is the value of net assets.

Adopting the net value of fixed assets as a measure
of capital can be debatable. The authors realise that the
depreciated fixed assets may still be used in produc-
tion processes and thus increase the GDP. In the Cobb-
Douglas model, the capital may be the gross value of
fixed assets (Tokarski, 2010). However, it appears that
the measure of capital proposed in this paper - the net
value of fixed assets - is consistent with the economic

theory. The future capital resources may vary from the
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accumulated capital resources C, in two ways. First,
new capital can be invested (I). Secondly, amortisation
may partially reduce the value of the capital resources.
The new capital value will then amount to C,=C, +1 -
0C, Where: C, is the new capital resources, C, - former
capital, I - gross investments, §C, - amortisation. C,
corresponds to the net value of fixed assets. In order
for the capital resources (C,) to grow, new investments
must exceed amortisation (Burda & Wyplosz, 2000).
That measure of capital also provides greater diagnos-
tic capabilities. By indicating the extent to which gross
GDP depends on the value of this indicator, it draws
the attention to the reconstruction and modernization

processes increasing the efficiency of capital.

Research results
In the first years of transformation of Polish economy
(1990-1994) a decline in production, measured in
constant prices, could be observed. In the subject lit-
erature Lipowski and Winiecki point that the cause of
this phenomenon was the structural deformation of
the economy of real socialism, which was character-
ized by waste of resources, by both the consumer and
producer (as cited in Baltowski & Miszewski, 2007,
p- 200). The “market-redundant” industrial produc-
tion representing an immanent feature of the centrally
planned economy included, according to the classifica-
tion of Lipowski (as cited in Baltowski & Miszewski,
2007, p. 200), three separate groups of production: un-
wanted production, irrational production and politi-
cal production. An example of unwanted production
may be excess storage of stocks accumulated by firms
and households during the economy of shortages. The
second group is the production of end-user goods at
low prices (with high subsidies) used for consumption
or further processing, frequently wasted. Political pro-
duction means manufacturing of intermediate goods
used for the realisation of investments provided for in
the central plan undertaken without carrying out the
investment efficiency calculation and military produc-
tion produced in excess and at inflated costs.
Economic system reform began in 1989, amending
the existing economic order, eliminated the features of

the previous system, while contributing to a decline in

! The function is homogenous at the degree 6 > 0 if YA > Of(A,X) = f(ﬂ,)CZ, cees AXk) = Aef(X)
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production. A substantial part of economic potential
of state-owned enterprises was destroyed and many
areas of domestic production collapsed due to the lack
of demand and the opening of the economy. Accord-
ing to a study by Lipowski, Glikman and Winiecki, the
fall in production in the first years of transition was
for the most part nothing more than getting rid of the
structural deformation and the wastage of resources
during the time of real socialism (as cited in Battowski
& Miszewski, 2007, p.206).

In the centrally planned economy, the labour mar-
ket also functioned improperly. Guaranteed employ-
ment characteristic of the past regime (the so-called
full employment) led to huge excess of employment,
which is unemployment in the workplace. Recession
and new rules of economic behaviour, as a result of
the stabilization program, revealed unemployment. It
must be emphasized that transformation changes in
Poland coincided with the global industrial and in-
formation revolution by which the labour-consuming
technologies were (and still are) replaced with labour-
saving ones, which in turn contributed even more to
the reduction of employment.

In subsequent years, i.e. after 1994, restructuring
processes resulting from changes in the economic sys-
tem were still under way. Therefore, when conducting

the research there occurred a problem with the adop-

on the Labour-Capital Relations

carried out under comparable conditions of economic
decision-making by business entities, i.e. in a situa-
tion when the distortions resulting from a centrally
planned economy ceased to be relevant for the course
of economic processes at the level of aggregated values.
In addition, it was necessary to draw attention to the
specificities of the economy, under which these models
were created. They are frequently based on statistical
data from countries with a far different level of eco-
nomic development than the country the model is to
refer to (Zienkowski, 2002).

The European Commission’s Report of October
1999 showed that Poland (Cwiklinski, 2000) was evalu-
ated as a positively developing market economy, which
was confirmed by the observed changes in ownership
structure, legal and institutional changes correspond-
ing to the rules of market economy. The European
Commission experts confirmed that the Polish econ-
omy is able to compete with other countries character-
ized by higher levels of development.

Accordingly, the authors decided to adopt the years
1998-2008 as the study period, assuming that in 1998
the next phase of construction of a market economy
was completed.

The starting point for research is the preliminary
analysis of changes in the GDP, the net values of fixed
assets and employment in the Polish economy (pre-

tion of a relevant research period, so the phenomena sented on the figure 2).
described in the theoretical econometric models were
20,00
N\
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\ -
-—
10,00 s N o~ P
N V4 ~ - = -
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= = = = employment net value of fixed assets - == GDP

Figure 2. The rate of change of GDP, the net values of fixed assets and employment in 1998-2008 (compared to the previous

period in %, current prices)

Note. Based on data file available from http:// www.stat.gov.pl, access on 08.12.2010
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In the years 1998-2008, the average employment rate
in the national economy showed some fluctuations.
Until 2005, the average number of employees had been
systematically declining. In subsequent years a system-
atic growth could be observed. In 2008, the average level
of employment in the national economy was similar to
that of 1998 adopted in this study as the base year and
amounted to nearly 9,900 thousand people.

In 1999-2004, both GDP growth and the net value of
fixed assets were characterized by a significant increase.
By contrast, employment fell systematically. One can
venture to say that in the years covered by the study,
the GDP growth was largely affected by the increased
investment in physical capital, which probably contrib-
uted to the further restructuring of employment.

In 1999, the pace of GDP growth and the net values
of fixed assets were approximate and both reached over
10%. Whereas, the average level of employment de-
creased by 2.3%. It is worth noting year 2002, when the
pace of economic growth was 3.7% and was lower by
nearly 2 p.p. than the net value of fixed assets amount-
ing to 5.6%. The average level of employment in the
year under study decreased by more than 3%. It must
be noted that expenditures in fixed assets bring effect
only in a later period, which may translate into an ad-
justment in the GDP growth in the future.

In 2005-2006, the pace of GDP growth was higher
than the pace of growth of the net value of fixed as-
sets and the average employment level. In 2007-2008,
both the pace of GDP growth and the net values of
fixed assets were similar and, for example in 2007, they
reached over 10%. On the other hand, in 2008 a simi-
lar pace of GDP and net assets value growth were ob-
served, but they were lower than in the previous year
- it amounted to more than 8% — while the average
employment rate increased to 5%.

Before estimating the parameters of the Cobb-
Douglas function the correlation coefficients were cal-
culated showing the strength of relations between the
independent and the dependent variables. The analysis
of correlation coeflicients suggests that in 1991-2008,
there was a negative average correlation between GDP
and labour and a strong and positive correlation be-
tween GDP and capital. A detailed listing of correla-
tion coefficients is given in the table 1.

The negative relationship between the GDP and em-

ployment confirms the presence of strong structural
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changes in the Polish economy arising not only from
the technological and structural changes consistent
with the theory of Clark (1940); Fourastie (1954) and
Fisher (1939), but also of structural changes arising
from economic transition. In order to eliminate the
influence of the last of the factors on the course of eco-
nomic processes the period of research was limited to
the years 1998-2008.

In order to determine the flexibility of production
against labour and capital in the period under study,
both the static function, given in formula (1) as well
as dynamic, presented by equation (4) were estimated.
Table 2 presents the results of the estimations of the
static Cobb-Douglas function for Poland in the pe-
riod 1998-2008. Analyzing the data in table 2, we can
consider all the parameters as statistically significant
at the significance level of 0.10. The high value of the
determination coefficient indicates that over 99% of
the total variability in production was explained by the
proposed model, and Godfrey statistic allows infer-
ences about the absence of significant autocorrelation
of the random component.

Therefore, we say that 1% increase in capital re-
sulted during the analysed period in the increase of
production of 1.18%, provided the employment level
was maintained. While 1% increase in employment
contributed to the increase of production by 0.29%,
provided the capital level was stable. This means that
the production growth was mainly the result of capital
growth. In this case, the changes are explained by the
neoclassical theory of convergence. Table 3 presents
the results of the estimation of the dynamic Cobb-
Douglas function according to formula (4). The analy-
sis of the results leads to the conclusion that the coef-
ficients of production flexibility against capital (o) and
labour (a,) can be considered statistically significant
at the significance level of 0.10. Whereas, the param-
eter describing the technological progress at the level
of 0.112. The estimated econometric model explains
99.4% of the total variability of production in the anal-
ysed period and is free from the autocorrelation of the
random component.

Interpreting the results of the evaluation, we say
that in the analysed period 1% increase in capital mea-
sured with the net value of fixed assets contributed to
an 0.65% increase of the GDP, provided the stability

of employment was maintained. While a 1% increase
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Table 1. Pearson correlation coefficients

Dependent variable Independent variables
L C
Y -0.382 0.996
InL InC
InY -0470 0.989

Table 2. The results of estimation of the static production function

Parameter / Verification measure Parameter assessment Value of the T statistic

al 1.176
a2 0288
R2 0.991
F-stat [Godfrey test] 0461

29.935 0.000

1.864 0.099
X X

X 0.519

Critical level of significance

Note. Own study based on Central Statistical Office data and the MFit software.

Table 3. The results of estimation the dynamic production function

Parameter / Verification measure Parameter assessment Value of the T statistic

al 0653
a2 0.268
a3 0.032
R2 0.994
F-stat [Godfrey test] 0.209

2.252 0.059
1.962 0.091
1.820 0.112
X X
X 0.663

Critical level of significance

Note. Own study based on Central Statistical Office data and the MFit software.

in average employment in the economy caused the
GDP growth of 0.27%, with stable capital levels. In the
period in question, the average annual GDP growth
amounted to 3.25% due to technological progress.
This means that the main factor behind the economic
growth in 1998-2008 was the technological progress
taking place in the economy.

Conclusions

Both the static and the dynamic function describe well
the relations between production on the one hand and
capital and labour on the other. In both cases, the la-

www.ce.vizja.pl

bour factor was statistically less significant than the
capital factor.

Changes in the net value of fixed assets (capital)
influenced the GDP growth stronger than changes in
employment. This follows from the fact that in the
years 1998-2008 there was a low negative correlation
between GDP and labour, with a strong and positive
correlation between GDP and capital. The obtained
results confirm the specificity of the national economy
undergoing structural changes requiring in the first
place increased investments in fixed assets and replac-

ing labour-consuming technologies with labour-sav-
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ing ones. The dynamic Cobb-Douglas function shows
that the GDP growth during a given period deter-
mined technological progress. It probably contributed
to changes in employment levels (decrease) resulting

from the increase in labour productivity.
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