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Summary: This paper carries out a growth accounting exercise for the 10
Central and Eastern European (CEE) countries that are part of the European
Union over the period 1993-2008. We estimate the capital share (a) from a
Cobb-Douglas production function in an intensive form, by employing panel
data techniques. The Hausman and Chi-Square tests indicate that a Cross-
Section Random Effects with Period Fixed Effects model best suits our data.
Based on this model, we find a capital share between 0.45 and 0.83, higher
than the usual 0.3-0.4 used in growth accounting literature. When we take into
consideration the quality of labour force the estimated capital share slightly
decreases, but still remains high, in a range between 0.39 and 0.79. Our
growth accounting results reveal that, on average, capital per worker accumu-
lation is the main engine of growth in CEE, followed by the contribution of total
factor productivity (TFP). However, when dividing by sub-periods, we found
that the contribution of TFP cannot be neglected since during 1997-2004 it
proved to be the main engine of growth in some CEE countries (Czech Repub-
lic, Slovakia, Hungary, Lithuania and Romania). Some policy implications are
offered based on our results.
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The aim of the present paper is to empirically estimate the capital share o from the
Cobb-Douglas production function for Central and Eastern European (CEE) coun-
tries during 1993-2008. The starting year is chosen so as not to encompass the earli-
est year after the fall of the communism when TFP may have been higher for some
countries. The ending year was chosen so as to eliminate the years of the severe crisis
that affected these countries.

These countries still represent an interesting topic in the literature, due to their
high growth rates experienced after 2000 and to their recent status as members of
European Union (EU). Compared with other developing countries in Asia or Latin
America, these countries differ in terms of labour contribution and total factor prod-
uctivity. Susan Schadler et al. (2006) state that the contribution of capital, although
substantial, is considered to be modest, due to poor efficiency of capital or high
amortisation rates. They point out that the positive impact of the European integra-
tion for new member economies certainly is a key element in their growth prospects.
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In explaining the growth determinants, Kosta Josifidis, Radmila Dragutinovié
Mitrovi¢, and Olgica Ivancev (2012) focus on financial, trade and economic integra-
tion among the Western Balkan and Emerging European economies in the period
1997-2009. Their findings suggest that EU membership benefits to the emerging
economies compared with the Western Balkan economies, especially through an im-
portant determinant such as foreign direct investments. This growth heterogeneity
becomes more obvious when the analysis is carried out during the global instability.

We use the United Nations Conference on Trade and Development (UNCTAD
2014)" data for the 10 CEE countries that are members of the EU for the period
1993-2008, with the exception of Latvia for which data is available starting from
1997, and we apply panel data estimation techniques for obtaining a, so as to take
advantage of both the time and the cross-sectional dimension of our data. We expect
that our estimated capital share will be higher than the conventional a-priori meas-
ures of 0.3-0.4. To avoid an overestimated value of o when not considering human
capital, we introduce a proxy for this variable in our estimation. By relying on our
own estimates of a, we carry out a growth accounting exercise. For both, estimating
a and computing the growth decomposition, we employ a Cobb-Douglas production
function in an intensive form. In this way, we shed a light on the growth process of
these countries from this perspective and we offer some policy implications regard-
ing the future actions that should be taken in this respect.

This paper is organised as follows: Section 1 reviews the related works on
growth accounting for CEE, Section 2 explains the growth accounting methodology
issues and the data, Section 3 describes the empirical methodology and presents the
results for estimated a, Section 4 discusses the results of the growth decomposition,
while Section 5 concludes and offers some policy implications.

1. Literature Review on CEE

Growth accounting exercises have been conducted for many transition economies
from CEE, especially by institutions like International Monetary Fund (IMF) or Eu-
ropean Central Bank. The growth process is often analysed in relation to these coun-
tries’ accession to the European Union and the convergence process towards the liv-
ing standards in EU.

In a study of IMF, Peter Doyle, Louis Kuijs, and Guorong Jiang (2001) ana-
lyse the growth process in CEE-5 (Poland, the Czech Republic, Slovakia, Hungary
and Slovenia), during 1989-1999. Assuming capital weights of 0.35, they discover
that, during 1991-1999, capital accumulation was the main engine of growth in
Czech Republic, Poland and Slovakia, while TFP had a major contribution in Hun-
gary and Slovenia. Labour had a negative contribution in almost all CEE-5, except
Slovak Republic. They conclude that the most rapidly growing countries exhibit
growth that is intensive in TFP rather than in factor inputs, while the slower ones
present the reverse tendency.

! United Nations Conference on Trade and Development. 2014. Economic Trends.
http://unctad.org/en/Pages/Statistics.aspx (accessed January 09, 2014).
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Schadler et al. (2006) study the growth of the 8 CEE that were member states
of the EU at that time: the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Pol-
and, Slovakia and Slovenia. They compare the sources of growth in CEE-8 and other
emerging economies, during 1990-2004 and find that CEE countries stand out from
other developing countries by having small contributions from labour and remarkable
contributions from TFP. Also, a two-speed catch-up process — rapid in the Baltics
and slower in CEE-5 can be depicted, with the Baltics having larger contributions
from TFP than the rest of the CEE.

Marco Neuhaus (2006) also performs growth accounting exercises for Hun-
gary, Poland and the Czech Republic, for the period 1992-2001 and compares the
results with those obtained for EU-12, Germany and US. He includes different prox-
ies for labour — employment and number of hours worked — and different specifica-
tions — breaking down the effect of labour into the effect of population growth and
other changes and computing the relative contribution of each factor to economic
growth. The analysis revealed that capital and TFP were the main engines of growth
for the three transition countries — with TFP having a bigger relative contribution.
Also, all three analysed countries experienced a strong decline in the contribution of
labour, compared to the industrialised countries.

Garbis Iradian (2007) looks at the growth process mainly in the CIS countries,
taking also into consideration the growth in 3 Baltic countries, 5 Central European
countries, 6 Southeast European countries, over the period 1991-2006. Unlike the
previous mentioned studies, Iradian (2007) estimates the input shares for these transi-
tion economies, by using econometric techniques (Fixed Effects and Two Stage
Least Squares). The growth accounting decomposition reveals that, using the esti-
mated input shares, capital accumulation proves to be the main engine of growth.

Ryszard Rapacki and Mariusz Prochniak (2009) perform a detailed analysis of
the growth path in 27 transition economies from the CEE and the Commonwealth of
Independent States (CIS), during 1990-2003, carrying out also a growth accounting
exercise for the selected countries. By assuming a share of physical capital of 0.3-0.4
and a labour contribution of 0.6-0.7, they reach the conclusion that TFP is the most
important engine of growth. The fastest TFP growth in CEE is achieved in the Baltic
States, while from the other transition economies Turkmenistan, Serbia and Monte-
negro have the highest TFP growth rates.

Trying to find the underlying forces of growth both in the socialist regime and
in the capitalist market economy, Bas van Leeuwena and Peter Foldvari (2013) look
at the growth process of 6 CEEC (Bulgaria, Czech Republic, Slovakia, Hungary,
Poland and Romania) and 2 developed countries (Germany and Austria) over a long-
er period of time during 1920-2006. Although in the late 1950s, there was not much
variation in the GDP per capita of the analysed countries, during the socialist period
a convergence process took place inside the communist block, while the income in
west Germany and Austria grew several times more than in the socialist countries.
After 1990 however, Romania and Bulgaria seem to lag behind while the other
CEEC countries seem to engage in a catch up process with the western countries. By
using the growth accounting framework they discovered that the relative contribution
of both types of capital, i.e. human and physical capital, has developed similarly in
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both western and socialist countries. However, since the growth of human and physi-
cal capital were lower in the socialist countries, so was the growth of per capita
GDP. Akos Dombi (2013) considers that the post-socialist period of the CEEC can
be divided into 3 periods: transformation period (1990-1994), robust growth and
catching-up (1995-2007) and the crisis period (post 2008). By looking at the volatili-
ty of the growth rates after 1995, Dombi (2013) finds two groups within CEEC: a
group characterised by a high dispersion of the growth rates (Baltic states, Romania
and Bulgaria) — that meant miraculously high growth rates before 2007 and also
sharp decline after 2008, and a group with a more stable GDP growth characterised
by smaller negative growth rates (Czech, Slovakia, Hungary, Poland and Slovenia).
By applying a growth accounting methods on the last two periods, results point out
that capital accumulation was the main source of growth, while labor and multifactor
productivity had marginal contributions. By using a development accounting exercise
having Germany as the benchmark, the results point out that although growth in GDP
per hour in CEEC is much slower, there is a potential to catch-up, but the “sluggish”
GDP levels as opposed to other western countries can be blamed on lower capital
intensities. As capital accumulation was driven mainly from FDI - with savings rates
being smaller than investment rates - and this left CEEC exposed to external shocks.
As a consequence, CEEC were hit by the financial crisis more than other western
countries and found it difficult to find a recovery path.

Katarzyna A. Baran (2013) tries to find the main determinants of growth in
CEEC-4 (Hungary, Poland, Slovakia, Czech Republic) during 1995-2010 by apply-
ing two methods: Solow growth accounting approach and a non-parametric (produc-
tion-frontier) approach that enables the further decomposition of changes in TFP into
changes in efficiency of production and technological changes. The growth account-
ing approach points out that while in Czech Republic and Slovak Republic TFP and
capital accumulation seem to have relatively equal contribution to growth, in Hun-
gary capital accumulation was the main source of growth, while in Poland TFP ac-
counted for 70% of total growth. The further quadripartite decomposition reveals that
the productivity growth was driven mainly by efficiency improvements (technologi-
cal catch-up) and by human capital accumulation in the CEEC-4, rather than tech-
nological change or physical capital accumulation.

Our paper tries to make a contribution to the current related literature, firstly
by estimating the capital share instead of considering it an a-priori measure and se-
condly by employing an intensive form of the production function which accounts
also for human capital. In this way, results and policy implications could offer a dif-
ferent perspective.

2. Growth Accounting and Data Issues

Growth accounting exercise, pioneered by Robert Solow (1957), explains the main
sources of growth, by decomposing output growth into the accumulation of inputs
(labour and capital) and a residual measure that captures the efficiency of these in-
puts, called Total Factor Productivity (TFP).

This approach relies on two main neoclassical assumptions: the assumption of
competitive markets, where the production factors are paid their marginal products,
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and on the assumption of constant returns to scale. This is a strong assumption; how-
ever, it may be a useful one for the purpose of the present study for CEE countries.
Our estimations are based on the standard aggregate production function (in
the intensive form), under the assumption of Hicks-neutral technological efficiency,
as in other related empirical works (see for example Aamer S. Abu-Qarn and Sulei-
man Abu-Bader 2009).
The production function has the following form:

Yy = AcF(Ky, Le), (1)

where: Y, represents the aggregate output at time ¢, K, represents the stock of capital
at time ¢, Ly represents the overall employment at time ¢, A; represents TFP, which
captures a series of factors that affect productivity, such as technology levels, human
capital, management and institutional factors, but also geographical or cultural fac-
tors. Being a residual, when estimated, it also contains measurement errors or biases
due to methodological assumptions.
The general equation of the growth accounting exercise is:
Z— 5+(1_ )£+é (2)
v~k YL
where: Y, K, L, A denote the derivatives of the considered variables (Y, K, L, A) with

. YKL A . .
respect to time, v & the growth rates of the considered variables, o and (1-a)
are the shares of capital and labour in total income, following the assumptions of
competitive markets and constant returns to scale.
Equation (1) can be written in an intensive form, in terms of growth per unit of
labour. In this case, the intensive form of the growth accounting formula is:
Y kA
L—g-4= 3
5 ay + - (3)

where y = %, k = %denote the aggregate output and stock of capital per worker.

In order to apply the growth accounting formula (3) to the CEE countries, one
needs to obtain data on the growth rates of GDP and capital per worker and to choose
an appropriate measure for o.

Data on GDP and employment for the 10 CEE countries are taken from UN-
CTAD and International Labour Organisation (ILO 2014)2. Obtaining the capital
stock is one of the main challenges of a growth accounting exercise, since such data
for transition or developing economies is hard to find.

There is no evidence of a capital stock database for the all 10 CEE countries,
so we have constructed it ourselves, using the Perpetual Inventory Method (PIM).
This methodology is widely used in the literature (see for example Vikram Nehru
and Ashok Dhareshwar 1993). The PIM methodology uses the investment series and
depreciation to construct the capital stock and it is based on the following equation:

? International Labour Organisation. 2014. LABORSTA - Database of Labour Statistics.
http://laborsta.ilo.org/STP/guest (accesed January 10, 2014).
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Kt = Kt—l(l - 6) + It’ (4)

where: K, is capital stock at time ¢, I; is investment at time ¢, J is the depreciation rate
of the capital stock.

As a proxy for investment, we used the Gross Fixed Capital Formation series,
taken from UNCTAD and considered different depreciation rates (4%, 5% and 6%).
Nehru and Dhareshwar (1993) use a 4% depreciation rate for all countries in their
estimations for the World Bank, while Ishaq M. Nadiri and Ignar R. Prucha (1997)
find a 5.9% depreciation rate for the physical capital after performing calibrations on
US manufacturing sector. However, recent studies have considered a 5% deprecia-
tion rate for developing and transition economies (see Abdelhak Senhadji 2000; Ira-
dian 2007; Moisa Altar, Ciprian Necula, and Gabriel Bobeica 2010).

When using PIM, the initial capital stock is needed. There are various ap-
proaches how to construct the initial stock of capital (Arnold Harberger 1978; Walter
G. Park 1995; Raphael Bergoeing et al. 2002), all of them making assumptions about
the growth rate of the capital stock or about the relationship between capital and out-
put. We used the approach by Harberger (1978), which is widely used in the litera-
ture. Harberger’s method is based on the assumption that the economy is in the
steady state so the capital increases by the same growth rate as the output, over the
given period. Therefore, incorporating this assumption in the PIM equation (4), we
will get the expression for the initial stock of capital:

Ki, = 1t, /(g + 6), (5)

where: g is the growth rate of capital, is equal to the growth rate of output, over the
studied period, K;_ is the initial stock of capital, I; is the investment in the first pe-
riod.

Since we use an intensive form of the production function for our growth ac-
counting exercise, we are interested in determining only one of the factor shares,
namely the capital share a.

There are several approaches for determining a. The first method is to simply
impose the a-priori measure of 0.3-0.4 widely used in the literature. This follows the
work of Solow (1957) who considered o = 0.35 for the US economy. These values of
0.3-0.4 are expected to be true especially for developed countries. For developing
economies, a is considered to be somewhat higher, because of the marginal product
of capital which is expected to be higher (Susan M. Collins and Barry P. Bosworth
1996, p. 155). However, some authors argue that, because of the positive externali-
ties of investment, the share of capital is higher than 0.35 even in developed econo-
mies. The second less direct approach to determine o is to use data from National
Accounts to initially compute the labour share as the compensation of employees
over GDP. However, this approach is problematic for developing countries due to
data unavailability. The poor statistics on labour market and the lack of data on in-
formal labour sector, which is quite large in developing economies, leads to an unde-
restimation of the labour share. Douglas Gollin (2002) shows that this method can be
problematic even for developed countries, as the income of the self-employed
people, not comprised in the National Accounts, can significantly shift the value of
the labor share.
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As a third method, some studies estimate the input shares from the Cobb-
Douglas production function in a log-linear form. Usually these studies find capital
shares that are higher than 0.35, also in the case of developed countries. Our study is
comparable with studies from this category, it considers the Cobb-Douglas produc-
tion function in an intensive form:

ln(%)t:a+a-ln(%)t+et. (6)

Rather than considering a-priori values or measuring just the share of the la-
bour input, we estimate the input shares from an intensive form of a Cobb-Douglas
production function. The production function in an intensive form incorporates both
the effect of labour and capital leading to share estimates that are closer to reality.

3. Empirical Methodology and Results

Before carrying out any estimation, it is worthwhile to describe the stylized facts re-
garding the data of the considered sample. After the initial shock at the beginning of
the 1990s, the CEE countries start their recovery (Table 1). For the period 1993-1996
only two of them report negative growth rates (Lithuania -4.68% and Bulgaria
-1.50%) while some of them experience impressive output growth (Slovakia: 6.33%,
Poland: 5.56%) On the other hand, the overall employment (L) starts to drop, for
some countries continuing to decrease late in the 1990s and even in 2000. With the
exception of Slovenia, all countries report periods of a drop in L, some of them (Es-
tonia, Hungary, Lithuania and Romania) having to deal with negative average growth
rates for the period 1993-2008. As a result of the increase in output and a drop in
employment, the production per worker goes up, reaching average growth values as
high as 9.10% in Estonia or 8.28% in Lithuania during 1997-2000. Also the capital
deepening process is intensified, stimulated also by the growth of investments, which
leads to important increases in the capital stock. With the labour production factor
generally decreasing, it is clear that growth process may be driven by a mixture of
capital deepening and the remaining residual Total Factor Productivity (TFP). In this
paper, we intend to determine the contribution of each of them to the output growth
in CEE by starting from a Cobb-Douglas production function.

Table 1 GDP, Employment and Capital Deepening Growth in CEE, during 1993-2008

Country / interval Growth rate Growth rate Growth rate Growth rate Grgwth rate K_IL
Y K L YIL (capital deepening)
Bulgaria
1993-1996 -1.55 0.96 0.10 -1.65 0.87
1997-2000 1.61 1.10 -2.40 411 3.61
2001-2004 498 212 2.74 3.14 0.95
2005-2008 6.38 9.63 3.15 317 6.32
Czech Republic
1993-1996 2.35 418 0.67 0.48 3.87
1997-2000 278 3.61 -1.23 4.06 4.90
2001-2004 5.57 343 -0.13 5.72 3.57
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2005-2008 1.72 4.03 1.53 0.19 246
Estonia
1993-1996 0.64 4.34 -5.00 5.93 9.89
1997-2000 7.03 7.07 -1.93 9.10 9.20
2001-2004 6.74 9.26 0.99 5.69 8.19
2005-2008 5.69 10.58 249 3.09 791
Hungary
1993-1996 1.34 2.26 2.75 4.24 5.21
1997-2000 3.66 3.16 1.40 223 1.74
2001-2004 4.22 374 0.29 3.92 3.44
2005-2008 2.22 3.56 -0.13 2.35 3.71
Latvia
1993-1996 n.a. na. na. n.a. n.a.
1997-2000 5.63 8.41 -0.16 5.85 8.70
2001-2004 7.76 10.09 1.98 5.68 7.96
2005-2008 6.90 12.32 2.53 4.22 9.55
Lithuania
1993-1996 -4.58 0.63 -1.07 497 1.53
1997-2000 4.32 2.78 -3.62 8.28 6.66
2001-2004 7.80 3.89 0.72 7.09 3.21
2005-2008 7.08 7.21 1.44 5.55 5.71
Poland
1993-1996 5.56 5.65 0.18 5.98 5.88
1997-2000 5.21 9.10 -0.72 6.02 9.95
2001-2004 297 5.01 -1.27 4.29 6.39
2005-2008 5.44 6.13 345 1.92 2.59
Romania
1993-1996 3.95 451 0.12 5.05 490
1997-2000 -1.23 3.76 -0.39 -0.83 418
2001-2004 6.12 4.69 -0.46 6.61 5.17
2005-2008 6.42 9.00 0.58 5.81 8.38
Slovakia
1993-1996 6.33 4.57 2.69 3.61 2.07
1997-2000 2.88 5.37 -1.41 4.34 6.88
2001-2004 4.47 3.50 0.81 3.64 2.68
2005-2008 7.85 483 291 481 1.87
Slovenia
1993-1996 3.98 5.31 1.30 3.05 442
1997-2000 452 743 0.46 4.06 6.97
2001-2004 3.49 6.58 0.13 2.10 6.47
2005-2008 5.28 6.22 242 373 3.75

Notes: Capital Stock computed using PIM, with 5% depreciation rate.
Source: Own calculations based on UNCTAD (2014) and ILO (2014) data.
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The intensive form of the production function reduces heteroskedasticity and
eliminates multicolinearity that might exist between K and L. Using panel data tech-
niques, we assume that the CEE share common production technologies, so that the
same Cobb-Douglas production function holds for all countries. By exploring both
the time and cross-section dimension of the data we gain more observations, there-
fore increasing the degrees of freedom and reducing collinearity among explanatory
variables. We can control for heterogeneity across individuals.

Our estimated Cobb-Douglas production function is a two-way error compo-
nent model, where, besides the individual effects, we will also test for any time spe-
cific effects:

In G)Lt =a+a-ln (%)i’t +u; + A +vig, %)

where - apart from the variables already mentioned - we have: y; represents the un-
observable individual effect, A, represents the unobservable time effects,
v;  represents the remainder stochastic disturbance term, with v; , ~ IID(0, o).

We also use the human capital augmented model, as it is known that a tends to
be overestimated in the absence of human capital (Gregory N. Mankiw, David Ro-
mer, and David N. Weil 1992):

In (L

K
LHC)i't =a+a- ln(m)i’t + Hi + At + Vi,t, (8)

where: HC is the human capital variable, proxied by the average years of schooling
from the Robert Barro and Jong-Wha Lee (2010) database; LHC is the human capital
augmented labour and it is computed by multiplying the general employment (L)
with the years of schooling (HC); Y/LHC, K/LHC represent the output (capital) per
skill-augmented worker.

For the human capital variable, since the data is available at 5 years’ interval,
we employed interpolation to build the annual series. This may not be problematic
since in these countries, no drastic events have happened so as to disturb this varia-
ble. However, we ran the estimations also for 5 years averages data, although our
sample, in this case, is quite small.

We will estimate each of the Equations (7) and (8) in three different ways.

First, we estimate them by using individual fixed effects (FE), which assumes
that y; is fixed for each individual, representing each country’s time invariant specif-
ic effects. This model implies that the fixed effects are correlated with the regressors.

Second, we estimate them by assuming individual random effects (RE). In this
way, W; is assumed to be random, so the loss of degrees of freedom from the FE
model can be avoided (Badi H. Baltagi 2008, p.17). Also, this implies that the indi-
vidual effects are no longer correlated with the regressors.

In order to choose between FE and RE model, we employ Hausman’s test,
which tests whether there is a correlation between the individual effects and the re-
gressors. The acceptance of the null hypothesis suggests the RE model, whereas the
rejection of the null has been widely interpreted as a sign for the adoption of the FE
model.
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Third, after choosing between FE and RE models, we have also tested whether
time fixed effects are present. Due to their proximity, their economic relations and
the fact that there are all members of the EU, it is very possible for unexpected
events or yearly variations to have an effect on the output across all 10 CEE. We test
if the time effects bring new information to the model or if they are unnecessary, by
using a Chi-Square redundancy test. The redundancy test for the time fixed effects
checks whether the time effects are redundant or they add new information to our
regression.

For the RE models, we have also reported 6, used to partially demean/quasi-
demean the data, as it is known that the RE model can also be estimated inside the
OLS framework using quasi-demeaned data:

Vie — 0V = (X — HX)ﬁ + (u — 00), 9)

where: 6 represents the quasi-demeaning factor and takes values between 0 and 1.
The extreme values represent special cases: if § = 0 the estimated model will be OLS
and if 6 = 1 we will estimate FE. The 6 factor also gives a hint whether the model is
closer to OLS or to FE.

Before proceeding with our estimations, we have also performed Unit Root
Tests, as the FE and RE models are suitable for stationary variables. We have per-
formed by the test by Kyung S. Im, Hashem Pesaran, and Yongcheol Shin (2003),
(IPS test), which has the null hypothesis that all individuals follow a unit root
process. It controls for heterogeneous coefficients, allowing each individual to have
its own unit root process.

Table 2 IPS (2003) Panel Unit Root Test Results

Variable Statistic Probability
In(Y/L) Level 1.57162 0.942
First difference -3.06053 0.0011
In(KIL) Level 3.0296 0.9988
First difference -2.75801 0.0029
In(Y/LH) Level 0.34327 0.6343
First difference -3.7304 0.0001
In(K/LH) Level 2.07013 0.9808
First difference -1.99451 0.023

Source: Own results based on UNCTAD (2014) and ILO (2014) data.

As it can be seen from Table 2, all variables present unit root in levels, but
they become stationary after they are first differenced. Therefore we will use the first
differences of the variables when estimating Equations (7) and (8).

Table 3 presents the results of our estimations. Columns (1)-(3) represent the
estimations of Equation (7), where we consider only the quantitative aspect of labour,
whereas the next 3 columns (4)-(6) are the estimations of Equation (8), where we
take into account the qualitative aspect as well, proxied by years of schooling.
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As it can be seen, the RE specification is preferred to the FE specification in
both models. The p-values of the Hausman test are much greater than 0.05, therefore
the null cannot be rejected. This shows that the individual characteristics are not cor-
related with the regressors and they may have an effect on our dependent variable.
The fact that the individual effects are not correlated with the regressors allows us to
potentially include these effects in our regression and test their impact on the output.
From this point of view, the RE leaves open the possibility that the individual charac-
teristics of CEE may have an effect on our dependent variable (growth). The time
fixed effects are also present and they are jointly significant, as we reject the hypo-
thesis of redundant time fixed effects. The time fixed effects represent the unob-
served factors that affect the output and are common to all CEE countries in a given
year, but they vary within time. We can say that they represent the variation over
time of the overall TFP. Therefore, the Hausman and Chi-Square tests indicate that
the most suitable model is the Cross-Section RE, Time FE, in columns (3) and (6). If
we look at 6, when considering the Cross Section Random and Time Fixed Effects
model - columns (3) and (6), we can see that it takes values between 0.325-0.379 and
0.26-0.311, proving that our model is closer to the pooled OLS than to the FE model.
Given the fact that our panel is unbalanced, the distribution of 8 is reported instead of
a single value, as it would be the case with a balanced panel.

Looking at the estimated a and its corresponding 95% confidence interval, it
can be seen that it lies between 0.452 and 0.834 in column (3) and it is significant at
a 1% level. The o coefficient slightly decreases when human capital is included in
the estimation, being comprised between 0.393 and 0.78 (column (6)). Our findings
support the fact that, in the developing countries of CEE, the share of capital seems
to be higher than the a-priori values of 0.3-0.4 used in the literature. Also, we con-
firm the theory that the omission of human capital from the production function leads
to an overestimation of the physical capital share. Results in the same range are ob-
tained when reconsidering the depreciation rate from 5% to 4%/6% or when using 5
years averages. Tables with results can be provided upon requests. In this latter case,
we are in line with the empirical studies that use 3 or 5 years averages to mitigate the
effect of business cycles and we also avoid the interpolation of the HC variable. By
using time dummies, we tried to mitigate the effect of the business cycles. However,
by using 5 years averages, our sample becomes quite small, thus boosting larger con-
fidence interval and making the limits of this interval unreliable.

Results from Table 3 are comparable with the estimates found in other stu-
dies, which lie in a range between 0.37-0.73 (see Senhadji 2000; Abu-Qarn and Abu-
Bader 2007; Iradian 2007). However, the methodology we employ is different, the
other studies use mainly a fixed effects model, controlling also for endogeneity with
2SLS estimators (Abu-Qarn and Abu-Bader 2007) or Fully-Modified estimators
(Senhadji 2000) while we allow the individual characteristics of our countries to have
an impact on our dependent variable (growth) and we control for common yearly
variations.
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Table 3 Estimation of the Cobb-Douglas Production Function in an Intensive Form

Dependent variable: D.In.(Y/L) Dependent variable: D.In.(Y/LHC)
(1) ) 3) (4) (5) (6)
A 0.556*** 0.584*** 0.643* 0.511** 0.537*** 0.590***
(0.090) (0.101) (0.097) (0.089) (0.099) (0.101)

[0.379,0.732]  [0.385,0.784]  [0.452,0.834]  [0.337,0.684]  [0.342,0.733]  [0.393,0.787]

_cons 0.010* 0.009* -0.021% 0.010* 0.009* -0.021*
(0.005) (0.005) (0.012) (0.005) (0.005) (0.012)

[-0.000,0.020]  [-0.001,0.019]  [-0.043,0.002]  [-0.000,0.020]  [-0.001,0.019]  [-0.043, 0.002]
Cross-Section FE Yes Yes
Cross-Section RE Yes Yes Yes Yes
Time FE Yes Yes
gfl‘;fl;:“” test/ 0.39/0.5310 0.38/0.5381
;‘i‘;‘l‘l:‘eda”"y oftime FE/ 106.78 /0.000 137.61/0.000
6_min 0,339 0,325 0,33 0,26
0.5 0,339 0,325 0,33 0,26
0_50 0,381 0,367 0,372 0,299
6_95 0,394 0,379 0,385 0,311
6_max 0,394 0,379 0,385 0,311
R2 overall 0,227 0,227 0,355 0,201 0,201 0,328
No. of observations 147 147 147 147 147 147
Notes: *, **, *** indicate significance at 1%, 5%, 10% significance levels. Standard errors are in parenthesis, 95% confi-

dence level estimates in brackets. The distribution of 6 is presented, with the minimum and maximum possible value, to-
gether with the 5, 50 and 95 percentiles.
Source: Own estimations based on UNCTAD (2014) and ILO (2014) data.

4. Growth Decomposition Findings

Table 4 presents the results of our growth accounting exercise over the period 1993-
2008 in the CEE. The average growth rate of the GDP per worker in the mentioned
period is decomposed into the contributions of capital per worker and TFP. We use
the capital share a = 0.59 estimated in the human capital augmented model with
Cross-Section RE and Time FE - Table 2, column (6) to compute the contribution of
K/L and TFP. We also present the ranges that the contribution of K/L may have; as-
suming that a is confined between the lower and the upper limits of the estimated
95% confidence interval. The relative contributions are also computed, as they allow
us to better compare the impact of K/L and TFP among countries.

It can be seen that in eight out of ten countries the main engine of growth is
capital per worker accumulation, with relative contributions higher than 50%, ac-
counting for more than a half of the output per worker growth rate. The countries
where the capital accumulation made the greatest impact are Latvia, Slovenia and
Bulgaria, with relative contributions from K/L higher than 90%. Therefore, in most
of the CEE countries the contribution of TFP comes second, and its impact on
growth is relatively small, ranging from 1.75% in Latvia to almost 20% in Poland
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and Romania. Only in 2 countries it can be said that TFP was the main engine of
growth, namely in Lithuania and Slovakia, where the relative contribution of TFP
was 60.42% and 51.46% respectively. Overall, if we look at the growth process of all
10 CEE countries taken together, it can be seen that the average impact of K/L was
around 75%, while TFP is on average responsible for about a quarter of the region’s
growth rate. When considering the lower limit of the confidence interval (a = 0.39),
closer to the values used in literature, the relative contribution of TFP increases to
50.8%. Although in this case, we could say that at a regional level the TFP is respon-
sible for roughly more than a half of the growth, at a country level the changes are
not very drastic. Even if in some countries the overall relative contribution of TFP
moves closer to 50% (Romania and Poland), only in one of them — Hungary — the
economy shifts to a TFP-growth-driven-process. Considering this scenario, however,
the impact of capital accumulation still remains substantial. When a approaches the
higher limit of 0.78, the contribution of TFP in most of the countries is negative, the
growth process being exclusively driven by K/L. In this case, the capital deepening
process, correlated with other factors seems to have generated a loss of efficiency
which is reflected in TFP.

Table 4 Growth Accounting Exercise, Averages over the Period 1993-2008

Growth rate Contril?ution of kil Contril?ution of kil Relativz?;r;lt-ribution Relative;:: .?:Lribution
of YIL (range in brackets) (range in brackets) (range in brackets) {range in brackets)
Bulgaria 2.19 2.01 [1.33  2.66] 0.18 [0.86 -047] 9199 [60.81 121.62] 8.01 [39.19 -21.62]
Czech Republic 2.61 218 [1.44 289 0.43 [117  -0.27) 8354 [55.22 11045] 1646 [44.78 -10.45]
Estonia 5.95 5.19 [343  6.86] 0.76 [252 -091] 8723 [57.66 115.31] 1277 [42.34 -15.31]
Hungary 3.19 2.08 [1.37 275 1.1 [1.81 044] 6522 [4311 86.23] 3478 [56.89 13.77]
Latvia 5.25 5.15 [3.41 6.81] 0.09 [1.84 -157) 9825 [64.95 129.89] 175 [35.05 -29.89]
Lithuania 6.47 252 [1.67  3.34] 3.91 [495 292] 3899 [25677 51.54] 6042 [76.46 45.17]
Poland 455 3.66 [242  484] 0.89 [213  -0.29] 8040 [53.14 106.29] 19.60 [46.86 -6.29]
Romania 4.16 3.34 221 441] 0.82 [196 -0.25] 80.18 [53.00 106.01] 19.82 [47.00 -6.01]
Slovakia 4.10 1.99 [1.32 263 2.1 [278  147] 4854 [3208 64.17] 5146 [67.92 35.83]
Slovenia 324 3.14 [207  4.15] 0.10 [116  -091] 97.01 [64.13 128.25] 299 [35.87 -28.25]
CEE 417 313 [207  4.13] 1.04 [212  002] 7497 [4956 99.12] 2493 [50.79 0.37]

Notes: Based on the estimates from Table 2, column (6), a = 0.59, ranges are calculated based on the limits of 95%,
Cl=10.39, 0.78].
Source: Own estimations based on UNCTAD (2014) and ILO (2014) data.

Iradian (2007) also finds that the relative contribution of TFP is smaller than
50% in the Baltics and Central Europe, proving that the main engine of growth was
capital and not TFP. The contribution of TFP, according to his calculations, is 41%
for the three Baltic states and 36% for the eight countries of the Central Europe for
the period 1991-2006. Other studies (Schadler et al. 2006; Rapacki and Prochniak
2009) contradict our results, stating that TFP is to be the main engine of growth in
the CEE, while capital has a small contribution and the contribution of labour is neg-
ative. Out of these studies, only Iradian (2007) uses an « that approaches ours and it
is not the standard 0.30-0.40. Therefore, an important difference in results might
come from using a higher a. Other differences may stem from the growth accounting
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equation used: we employ an intensive form of the production function while other
studies usually employ the extensive form. These studies also suggest, indirectly, an
increase of the available physical resources per worker, (as K increases and L de-
creases), in line with our findings. By using the capital deepening K/L (or capital
intensity), we already capture an efficiency effect of the production factors in our
K/L factor, therefore diminishing the contribution of TFP.

Our findings challenge the idea that the Baltic States had impressive TFP con-
tributions. We find that only in Lithuania was TFP the main engine of growth, in
Latvia and Estonia growth was triggered by capital per worker accumulation. The
high TFP contributions in Latvia and Estonia found in other studies (Rapacki and
Prochniak 2009) could be in fact efficiency gains caused by the capital deepening
process, which due to the increase of capital available to one worker, can be trans-
lated into labour productivity. We depicted that only in Lithuania can the high con-
tribution of TFP be attributed to some other factors rather than the supposed efficien-
cy gained by a capital deepening process.

Table 5 presents the growth accounting exercise in CEE in 4-year intervals:
1993-1996, 1997-2000, 2001-2004, 2005-2008. Tables with the estimates of « for
each interval can be provided upon request. Since the sample is small in each case,
the obtained estimates may not be reliable for being used in the growth accounting
exercise. However, they are situated within the limits of our obtained range (0.39-
0.78).

Table 5 Growth Accounting Exercise in CEE over 4-Years Interval

Relative contribution of

Country/  Growth rate Contribution of K/L Contribution of TFP Relative contribution of K/L TP
interval of YIL (intervals in paranthesis) (intervals in paranthesis) (intervals in paranthesis) . . .
(intervals in paranthesis)

Bulgaria

1993-1996 -1.65 0.51 [0.34 068 -217 [199 -233] 3115 [2059 41.19] -131.15 [-120.59 -141.19]

1997-2000 411 213 [1.41 2.81] 1.98 [270  129] 5179 [3423 6847] 4821 [65.77 31.53]

2001-2004 3.14 1.69 [112  2.23] 1.45 [202  090] 5382 [3557 71.15] 46.18 [64.43 28.85)

2005-2008 317 3.73 [246 493 -056 [0.70 -1.76] 117.71 [77.81 155.61] -17.71 [2219 -55.61]
Czech Republic

1993-1996 0.48 2.28 [1.51 3.02] -1.81  [-1.03 -254] 47963 [317.04 634.08] -379.63 [-217.04 -534.08]

1997-2000 4.06 2.89 [1.91 3.82] 1.17 [215 0.24] 7115 [47.03 94.06] 28.85 [52.97 5094

2001-2004 5.72 2.10 [1.39  2.78] 3.61 [433  293] 3682 [24.34 4867] 63.18 [75.66 51.33]

2005-2008 0.19 1.45 [09% 1920 -126 [077 -1.73] 751.83 [496.97 993.95] -651.83 [-396.97 -893.95]
Estonia

1993-1996 5.93 5.84 [3.86  7.72] 0.09 [207 -1.79] 9844 [65.07 130.13] 1.56  [34.93 -30.13]

1997-2000 9.10 543 [3.59  7.18] 3.67 [6.51 192] 59.68 [3945 78.90] 4032 [60.55 21.10]

2001-2004 5.69 483 [3.19  6.39] 0.86 [250  -0.70] 8491 [56.12 112.25] 15.09 [43.88 -12.25]

2005-2008 3.09 4647 [3.09 617] -158 [0.00 -3.08] 151.06 [99.85 199.71] -51.06 [0.15 -99.71]
Hungary

1993-1996 4.24 37 [203  4.06] 1.17 [2.21 0.18] 7243 [47.88 9576] 27.57 [5212 4.24]

1997-2000 2.23 1.03 [0.68  1.36] 1.21 [1.56  0.88] 4591 [30.35 60.70] 54.09 [69.65 39.30]

2001-2004 3.92 2.03 [1.34  2.69] 1.89 [258  1.24] 5177 [3422 68.44] 4823 [65.78 31.56]

2005-2008 2.35 2.19 [145  2.89] 0.16 [0.90 -0.54] 9304 [61.50 123.01] 6.96 [38.50 -23.01]
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Latvia
1993-1996 na. na. na. na. na. na. na. na. na.
1997-2000 5.85 513  [339 679 071 [245 -094] 87.80 [58.03 116.07] 1220 [41.97 -16.07]
2001-2004 568 470 [311 621] 098  [257 -054] 8279 [5473 10945] 1721 [4527 -9.45]
2005-2008 4.22 5.63 [3.72 745] 142 [049  -323] 13356 [88.28 176.57] -33.56 [11.72 -76.57]
Lithuania
1993-1996 497 0.90 [0.60 1.21] 4,06 [437  376] 1814 [11.99 2429] 8186 [88.01 75.71]
1997-2000 8.28 3.93 [2.60 5.26] 435 [5.68  3.02] 4743 [31.35 63.50] 5257 [68.65 36.50]
2001-2004 7.09 1.90 [125  2.54] 5.20 [5.84 455 2674 [17.68 3581] 73.26 [82.32 64.19]
2005-2008 5.55 3.37 [223  451] 218 [3.32 1.04] 6070 [40.12 81.27] 39.30 [59.88 18.73]
Poland
1993-1996 5.98 347 [229  458] 2.52 [3.69 140] 5795 [38.31 76.61] 4205 [61.69 23.39]
1997-2000 6.02 5.87 [3.88 7.76] 0.14 [213  -1.75] 9759 [6451 129.02] 241 [3549 -29.02]
2001-2004 429 377 [249 499 052 [1.80 -069] 87.89 [58.10 11620] 1211 [41.90 -16.20]
2005-2008 1.92 153 [1.01  202] 039 [091 -0.10] 7975 [5272 10543] 2025 [47.28 -543]
Romania
1993-1996 5.05 2.89 [1.91 3.82] 2.16 [3.14 123] 5721 [37.82 7564] 4279 [62.18 24.36]
1997-2000 -0.83 246  [163  326] -329 [-246 -4.00] -297.79 [-196.84 -393.68] 397.79 [296.84 493.68]
2001-2004 6.61 3.05 [202  4.03] 3.56 [460  2.58] 4613 [30.49 60.98] 53.87 [69.51 39.02]
2005-2008 5.81 495 [3.27  6.54] 0.87 [254 -0.73] 8509 [56.24 112.49] 1491 [43.76 -1249]
Slovakia
1993-1996 3.61 1.22 [0.81 1.61] 2.39 [2.81 200] 3375 [2231 4462] 6625 [77.69 55.38]
1997-2000 434 4.06 [2.68 5.36] 0.28 [166  -1.03] 9353 [61.83 123.65] 647 [38.17 -23.65]
2001-2004 3.64 1.58 [1.04 209 2.06 [2.60 1.55] 4339 [28.68 57.36] 56.61 [71.32 42.64]
2005-2008 4.81 110 [073  146] 370 [408  3.35] 2294 [1517 30.33] 77.06 [84.83 69.67]
Slovenia
1993-1996 3.05 2.61 [1.72 3.45] 045 [1.33  -0.39] 8541 [56.45 112.91] 1459 [43.55 -12.91]
1997-2000 4.06 411 [272  543] 005 [1.34 -1.37] 10125 [66.93 133.86] -1.25 [33.07 -33.86]
2001-2004 2.10 283 [1.87 374 072 [0.24 -1.63] 13432 [88.79 177.58] -34.32 [11.21 -77.5§]
2005-2008 373 3.01 [1.99 3.98] 0.71 [1.74  -026] 80.85 [53.44 106.89] 19.15 [46.56 -6.89]
CEE
1993-1996 352 253 [1.67 335 099 [1.84 047] 7198 [4758 9521] 2802 [5242 479
1997-2000 472 3.70 [245  4.90] 1.02 [227  -0.18] 7844 [51.85 103.85 21.56 [48.15 -3.85]
2001-2004 479 2.85 [1.88 3.77] 1.94 [2.91 1.02] 5947 [39.31 7869] 4053 [60.69 21.31]
2005-2008 348 316 [209  419] 032 [1.39 -0.70] 9080 [60.02 12021] 920 [39.98 -20.21]
Notes: Based on the estimates from Table 2, column (6), a = 0.59, ranges are calculated based on the limits of 95%,

Cl=[0.39,0.78].

Source: Own estimations based on UNCTAD (2014) and ILO (2014) data.

This gives us a better understanding of the way that capital accumulation and
TFP have affected the growth process during our period of study.

If we look at the CEE taken altogether, we can see that on average capital
deepening still remains the main engine of growth even in the mentioned periods,
although TFP does have substantial contributions during 2001-2004 (almost 41%) or
1993-1996 (28%). If we consider each country individually, it can be seen that there
are some intervals when the contribution of TFP is comparable to or even higher than
the contribution of capital deepening.
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For example, in the intervals with the highest growth rates the main factor of
growth proves to be TFP in 4 CEE: Czech Republic, Lithuania, Romania and Slova-
kia. For these countries, the highest Y/L growth rate was achieved in the second in-
terval of our study (1997-2000 Lithuania) or the third interval (2001-2004 for Czech
Republic and Romania), while Slovakia had the greatest growth rate during 2005-
2008. During those intervals, the relative contribution of TFP varied between 52.57%
in Lithuania and 77.06% in Slovakia. For the other 5 countries of our group, capital
accumulation per worker was the main source of growth during the intervals with the
highest growth rate. However, even in some of these countries, TFP proves to have
substantial contributions to the highest growth rates, as it is the case in Bulgaria
(48.21%), Estonia (40.32%) and Hungary (48.23%).

Looking at the evolution of the TFP contribution, we can distinguish some
patterns in CEE. It can be seen that in some countries in the first interval of the study
(1993-1996) TFP seems to have small contributions in Estonia, Latvia, Slovenia,
even negative ones (in Bulgaria and Czech Republic). During 1997-2004, TFP
proves to be an important source of growth, in some countries even more important
than K/L accumulation, as is the case in Hungary in 1997-2000, Czech Republic and
Slovakia during 2001-2004 and Lithuania and Romania during 1997-2004. In the last
4 years (2005-2008), in most of the countries, the relative contribution of TFP has
dropped significantly (in Hungary, Lithuania, Romania), being even negative in
some countries (Bulgaria, Czech Republic, Estonia, Latvia).

This pattern supports the view that the contribution of TFP to growth is based
on the elimination of the inefficiencies rather than on technological progress and in-
novation. The small or negative contributions from the beginning of the interval
might show the presence of inefficiencies in the production process inherited from
the centrally planned economy (especially present in Bulgaria, Czech Republic, Es-
tonia, Hungary, Romania). The rise in the TFP contribution during 1997-2004 is a
sign that these weaknesses are being eliminated and the economic reforms are start-
ing to pay off, whereas the drop from 2005-2008 might suggest that, once this transi-
tion process is completed, these countries must find other sources of maintaining
high contributions from TFP, such as investments in human capital, in R&D, stimu-
lating innovation etc.

5. Conclusions

In this paper, we carried out a growth accounting exercise for CEE countries by es-
timating the share of capital per worker from a Cobb-Douglas production function.
The main contribution of our paper is that we estimated the input share of capital,
rather than using an a-priori measure of a. The choice of a random effects model
with time fixed effects, based on empirical tests, proved to be the most suitable to the
data. The capital share a in CEE lies between 0.45 and 0.83 and 0.78 which is in line
with the theory that o tends to be higher when estimated using econometrics. Our
findings also support the view that the capital shares are higher in developing coun-
tries due to higher marginal products being expected.

Since human capital may be an important growth factor, we included it in es-
timation and thus our depicted a decreased, lying between 0.39 and 0.78. Therefore,
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our growth accounting decomposition reveals that the main factor of growth in CEE
during 1993-2008 was capital per worker accumulation and the labour productivity
that stems from it. This is true for 8 out of 10 CEE, excluding Lithuania and Slova-
kia. However, the contribution of TFP to growth cannot be neglected, especially dur-
ing 1997-2004, when TFP proved to be the main engine of growth in most of the
countries, leading to very high growth rates.

The evolution of the contribution of TFP to growth confirms the view that one
of the main factors of high TFP may be the elimination of inefficiencies from the
former economic regime. Assuming that these inefficiencies have been eliminated
and given the drop in TFP contribution from 2005-2008, we can say that the CEE are
now in search of other factors able to sustain high TFP and high growth rates. This is
an important issue for the policy makers who need to take into account that since
capital per worker accumulation seems to be an important factor that drives econom-
ic growth, further investments are needed in physical capital but also other types of
capital. Also, to sustain high TFP, new factors additional to eliminating the ineffi-
ciencies are needed. For example, factors such as qualitative R&D inputs and outputs
will certainly enhance labour productivity. Further research is needed in the area, if
more data will become available, so as to drop the homogeneity assumption for CEE
countries regarding a and to test the assumption of constant returns.
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