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Sources of Growth: Evidence from 
Ten Central and Eastern European 
Countries during 1993-2008 
 
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 (α) 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. 
Key words: Growth accounting, TFP, Estimating capital share, Panel data,
CEE. 

JEL: O47, O57.
 
 
 
 
 
 

 
The aim of the present paper is to empirically estimate the capital share α 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 Dragutinović 
Mitrović, and Olgica Ivančev (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)1 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 α, 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 α when not considering human 
capital, we introduce a proxy for this variable in our estimation. By relying on our 
own estimates of α, we carry out a growth accounting exercise. For both, estimating 
α 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 α, 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. 

 

                                                        
1 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 Földvári (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: 
 = ( , ),  (1)

     

where: 	represents the aggregate output at time t, 	represents the stock of capital 
at time t, 	represents the overall employment at time t, 	 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: 
 = + (1 − ) + , (2)

 

where: , , ,  denote the derivatives of the considered variables (Y, K, L, A) with 

respect to time, , , ,  are the growth rates of the considered variables, α and (1-α) 

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: 

 = + , (3)

 

where = , = 	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 α. 

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: 

 

                                                        
2 International Labour Organisation. 2014. LABORSTA - Database of Labour Statistics. 
http://laborsta.ilo.org/STP/guest (accesed January 10, 2014). 
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= (1 − ) + , (4)
 

where:  is capital stock at time t,  is investment at time t, δ 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:  

 = /( + ), (5)
 

where: g is the growth rate of capital, is equal to the growth rate of output, over the 
studied period,  is the initial stock of capital,  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 α.  

There are several approaches for determining α. 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 α = 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, α 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 α 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: 

 = + ∙ + . (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 

Y 
Growth rate 

K 
Growth rate 

L 
Growth rate 

Y/L 
Growth rate K/L 

(capital deepening) 

Bulgaria 
1993-1996 -1.55 0.96 0.10 -1.65 0.87 

1997-2000 1.61 1.10 -2.40 4.11 3.61 

2001-2004 4.98 2.12 2.74 3.14 0.95 

2005-2008 6.38 9.63 3.15 3.17 6.32 

Czech Republic 
1993-1996 2.35 4.18 0.67 0.48 3.87 

1997-2000 2.78 3.61 -1.23 4.06 4.90 

2001-2004 5.57 3.43 -0.13 5.72 3.57 
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2005-2008 1.72 4.03 1.53 0.19 2.46 

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 2.49 3.09 7.91 

Hungary 
1993-1996 1.34 2.26 -2.75 4.24 5.21 

1997-2000 3.66 3.16 1.40 2.23 1.74 

2001-2004 4.22 3.74 0.29 3.92 3.44 

2005-2008 2.22 3.56 -0.13 2.35 3.71 

Latvia 
1993-1996 n.a. n.a. n.a. 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 4.97 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 2.97 5.01 -1.27 4.29 6.39 

2005-2008 5.44 6.13 3.45 1.92 2.59 

Romania 
1993-1996 3.95 4.51 0.12 5.05 4.90 

1997-2000 -1.23 3.76 -0.39 -0.83 4.18 

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 4.83 2.91 4.81 1.87 

Slovenia 
1993-1996 3.98 5.31 1.30 3.05 4.42 

1997-2000 4.52 7.43 0.46 4.06 6.97 

2001-2004 3.49 6.58 0.13 2.10 6.47 

2005-2008 5.28 6.22 2.42 3.73 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: 

 

, = + ∙ , + + + , , (7)

 

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

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

 ( ) , = + ∙ ( ) , + + + , , (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  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,  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 θ, 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: 

 − = ( − ) + ( − ), (9)
 

where: θ represents the quasi-demeaning factor and takes values between 0 and 1. 
The extreme values represent special cases: if θ = 0 the estimated model will be OLS 
and if θ = 1 we will estimate FE. The θ 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 

ln(Y/L) Level 1.57162 0.942 

  First difference -3.06053 0.0011 

ln(K/L) Level 3.0296 0.9988 

  First difference -2.75801 0.0029 

ln(Y/LH) Level 0.34327 0.6343 

  First difference -3.7304 0.0001 

ln(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 θ, 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 θ is reported instead of 
a single value, as it would be the case with a balanced panel. 

Looking at the estimated α 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 α 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.ln.(Y/L) Dependent variable: D.ln.(Y/LHC) 

(1) (2) (3) (4) (5) (6) 

Α 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 

Hausman test / 
p-value  0.39 / 0.5310   0.38 / 0.5381  
Redundancy of time FE / 
p-value   106.78  / 0.000   137.61 / 0.000 

θ_min 0,339 0,325 0,33 0,26 

θ_5 0,339 0,325 0,33 0,26 

θ_50 0,381 0,367 0,372 0,299 

θ_95 0,394 0,379 0,385 0,311 

θ_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 θ 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 α = 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 α 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 (α = 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 α 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
of Y/L 

Contribution of k/l 
(range in brackets) 

Contribution of k/l 
(range in brackets) 

Relative contribution  
of K/L 

(range in brackets) 

Relative contribution  
of TFP 

(range in brackets)   

Bulgaria 2.19 2.01 [1.33 2.66] 0.18 [0.86 -0.47] 91.99 [60.81 121.62] 8.01 [39.19 -21.62] 

Czech Republic 2.61 2.18 [1.44 2.89] 0.43 [1.17 -0.27] 83.54 [55.22 110.45] 16.46 [44.78 -10.45] 

Estonia 5.95 5.19 [3.43 6.86] 0.76 [2.52 -0.91] 87.23 [57.66 115.31] 12.77 [42.34 -15.31] 

Hungary 3.19 2.08 [1.37 2.75] 1.11 [1.81 0.44] 65.22 [43.11 86.23] 34.78 [56.89 13.77] 

Latvia 5.25 5.15 [3.41 6.81] 0.09 [1.84 -1.57] 98.25 [64.95 129.89] 1.75 [35.05 -29.89] 

Lithuania 6.47 2.52 [1.67 3.34] 3.91 [4.95 2.92] 38.99 [25.77 51.54] 60.42 [76.46 45.17] 

Poland 4.55 3.66 [2.42 4.84] 0.89 [2.13 -0.29] 80.40 [53.14 106.29] 19.60 [46.86 -6.29] 

Romania 4.16 3.34 [2.21 4.41] 0.82 [1.96 -0.25] 80.18 [53.00 106.01] 19.82 [47.00 -6.01] 

Slovakia 4.10 1.99 [1.32 2.63] 2.11 [2.78 1.47] 48.54 [32.08 64.17] 51.46 [67.92 35.83] 

Slovenia 3.24 3.14 [2.07 4.15] 0.10 [1.16 -0.91] 97.01 [64.13 128.25] 2.99 [35.87 -28.25] 

CEE 4.17 3.13 [2.07 4.13] 1.04 [2.12 0.02] 74.97 [49.56 99.12] 24.93 [50.79 0.37] 
 

Notes: Based on the estimates from Table 2, column (6), α = 0.59, ranges are calculated based on the limits of 95%,  
CI = [0.39, 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 α 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 α. 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 α 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 
 

Country /  
interval 

Growth rate 
of Y/L 

Contribution of K/L 
(intervals in paranthesis) 

Contribution of TFP 
(intervals in paranthesis) 

Relative contribution of K/L
(intervals in paranthesis) 

Relative contribution of 
TFP 

(intervals in paranthesis) 

Bulgaria 

1993-1996 -1.65 0.51 [0.34 0.68] -2.17 [-1.99 -2.33] 31.15 [20.59 41.19] -131.15 [-120.59 -141.19] 

1997-2000 4.11 2.13 [1.41 2.81] 1.98 [2.70 1.29] 51.79 [34.23 68.47] 48.21 [65.77 31.53] 

2001-2004 3.14 1.69 [1.12 2.23] 1.45 [2.02 0.90] 53.82 [35.57 71.15] 46.18 [64.43 28.85] 

2005-2008 3.17 3.73 [2.46 4.93] -0.56 [0.70 -1.76] 117.71 [77.81 155.61] -17.71 [22.19 -55.61] 

Czech Republic 

1993-1996 0.48 2.28 [1.51 3.02] -1.81 [-1.03 -2.54] 479.63 [317.04 634.08] -379.63 [-217.04 -534.08] 

1997-2000 4.06 2.89 [1.91 3.82] 1.17 [2.15 0.24] 71.15 [47.03 94.06] 28.85 [52.97 5.94] 

2001-2004 5.72 2.10 [1.39 2.78] 3.61 [4.33 2.93] 36.82 [24.34 48.67] 63.18 [75.66 51.33] 

2005-2008 0.19 1.45 [0.96 1.92] -1.26 [-0.77 -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 [2.07 -1.79] 98.44 [65.07 130.13] 1.56 [34.93 -30.13] 

1997-2000 9.10 5.43 [3.59 7.18] 3.67 [5.51 1.92] 59.68 [39.45 78.90] 40.32 [60.55 21.10] 

2001-2004 5.69 4.83 [3.19 6.39] 0.86 [2.50 -0.70] 84.91 [56.12 112.25] 15.09 [43.88 -12.25] 

2005-2008 3.09 4.64.7 [3.09 6.17] -1.58 [0.00 -3.08] 151.06 [99.85 199.71] -51.06 [0.15 -99.71] 

Hungary 

1993-1996 4.24 3.7 [2.03 4.06] 1.17 [2.21 0.18] 72.43 [47.88 95.76] 27.57 [52.12 4.24] 

1997-2000 2.23 1.03 [0.68 1.36] 1.21 [1.56 0.88] 45.91 [30.35 60.70] 54.09 [69.65 39.30] 

2001-2004 3.92 2.03 [1.34 2.69] 1.89 [2.58 1.24] 51.77 [34.22 68.44] 48.23 [65.78 31.56] 

2005-2008 2.35 2.19 [1.45 2.89] 0.16 [0.90 -0.54] 93.04 [61.50 123.01] 6.96 [38.50 -23.01] 
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Latvia 

1993-1996 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

1997-2000 5.85 5.13 [3.39 6.79] 0.71 [2.45 -0.94] 87.80 [58.03 116.07] 12.20 [41.97 -16.07] 

2001-2004 5.68 4.70 [3.11 6.21] 0.98 [2.57 -0.54] 82.79 [54.73 109.45] 17.21 [45.27 -9.45] 

2005-2008 4.22 5.63 [3.72 7.45] -1.42 [0.49 -3.23] 133.56 [88.28 176.57] -33.56 [11.72 -76.57] 

Lithuania 

1993-1996 4.97 0.90 [0.60 1.21] 4.06 [4.37 3.76] 18.14 [11.99 24.29] 81.86 [88.01 75.71] 

1997-2000 8.28 3.93 [2.60 5.26] 4.35 [5.68 3.02] 47.43 [31.35 63.50] 52.57 [68.65 36.50] 

2001-2004 7.09 1.90 [1.25 2.54] 5.20 [5.84 4.55] 26.74 [17.68 35.81] 73.26 [82.32 64.19] 

2005-2008 5.55 3.37 [2.23 4.51] 2.18 [3.32 1.04] 60.70 [40.12 81.27] 39.30 [59.88 18.73] 

Poland 

1993-1996 5.98 3.47 [2.29 4.58] 2.52 [3.69 1.40] 57.95 [38.31 76.61] 42.05 [61.69 23.39] 

1997-2000 6.02 5.87 [3.88 7.76] 0.14 [2.13 -1.75] 97.59 [64.51 129.02] 2.41 [35.49 -29.02] 

2001-2004 4.29 3.77 [2.49 4.99] 0.52 [1.80 -0.69] 87.89 [58.10 116.20] 12.11 [41.90 -16.20] 

2005-2008 1.92 1.53 [1.01 2.02] 0.39 [0.91 -0.10] 79.75 [52.72 105.43] 20.25 [47.28 -5.43] 

Romania 

1993-1996 5.05 2.89 [1.91 3.82] 2.16 [3.14 1.23] 57.21 [37.82 75.64] 42.79 [62.18 24.36] 

1997-2000 -0.83 2.46 [1.63 3.26] -3.29 [-2.46 -4.09] -297.79 [-196.84 -393.68] 397.79 [296.84 493.68] 

2001-2004 6.61 3.05 [2.02 4.03] 3.56 [4.60 2.58] 46.13 [30.49 60.98] 53.87 [69.51 39.02] 

2005-2008 5.81 4.95 [3.27 6.54] 0.87 [2.54 -0.73] 85.09 [56.24 112.49] 14.91 [43.76 -12.49] 

Slovakia 

1993-1996 3.61 1.22 [0.81 1.61] 2.39 [2.81 2.00] 33.75 [22.31 44.62] 66.25 [77.69 55.38] 

1997-2000 4.34 4.06 [2.68 5.36] 0.28 [1.66 -1.03] 93.53 [61.83 123.65] 6.47 [38.17 -23.65] 

2001-2004 3.64 1.58 [1.04 2.09] 2.06 [2.60 1.55] 43.39 [28.68 57.36] 56.61 [71.32 42.64] 

2005-2008 4.81 1.10 [0.73 1.46] 3.70 [4.08 3.35] 22.94 [15.17 30.33] 77.06 [84.83 69.67] 

Slovenia 

1993-1996 3.05 2.61 [1.72 3.45] 0.45 [1.33 -0.39] 85.41 [56.45 112.91] 14.59 [43.55 -12.91] 

1997-2000 4.06 4.11 [2.72 5.43] -0.05 [1.34 -1.37] 101.25 [66.93 133.86] -1.25 [33.07 -33.86] 

2001-2004 2.10 2.83 [1.87 3.74] -0.72 [0.24 -1.63] 134.32 [88.79 177.58] -34.32 [11.21 -77.58] 

2005-2008 3.73 3.01 [1.99 3.98] 0.71 [1.74 -0.26] 80.85 [53.44 106.89] 19.15 [46.56 -6.89] 

CEE 

1993-1996 3.52 2.53 [1.67 3.35] 0.99 [1.84 0.17] 71.98 [47.58 95.21] 28.02 [52.42 4.79] 

1997-2000 4.72 3.70 [2.45 4.90] 1.02 [2.27 -0.18] 78.44 [51.85 103.85] 21.56 [48.15 -3.85] 

2001-2004 4.79 2.85 [1.88 3.77] 1.94 [2.91 1.02] 59.47 [39.31 78.69] 40.53 [60.69 21.31] 

2005-2008 3.48 3.16 [2.09 4.19] 0.32 [1.39 -0.70] 90.80 [60.02 120.21] 9.20 [39.98 -20.21] 
 

Notes: Based on the estimates from Table 2, column (6), α = 0.59, ranges are calculated based on the limits of 95%,  
CI = [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 α. 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 α in CEE lies between 0.45 and 0.83 and 0.78 which is in line 
with the theory that α 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 α 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 α and to test the assumption of constant returns. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

660 Monica Pop Silaghi and Diana Alexa 

PANOECONOMICUS, 2015, Vol. 62, Issue 5, pp. 643-661 

References  
 

Abu-Qarn, Aamer S., and Suleiman Abu-Bader. 2007. “Sources of Growth Revisited: 
Evidence from Selected MENA Countries.” World Development, 35(5): 752-771. 

Abu-Qarn, Aamer S., and Suleiman Abu-Bader. 2009. “Getting Income Shares Right: A 
Panel Data Investigation for Countries of the OECD.” Economic Development 
Quarterly, 23(3): 254-266. 

Altar, Moisa, Ciprian Necula, and Gabriel Bobeica. 2010. “Estimating Potential GDP for 
the Romanian Economy. An Eclectic Approach.” Journal of Economic Forecasting, 
0(3): 5-25. 

Baltagi, Badi H. 2008. Econometric Analysis of Panel Data. 4th ed. Chichester: John Wiley 
& Sons. 

Baran, Katarzyna A. 2013. “The Determinants of Economic Growth in Hungary, Poland, 
Slovakia and the Czech Republic during the Years 1995-2010.” Equilibrium, 
Quarterly Journal of Economics and Economic Policy, 8(3): 7-26. 

Barro, Robert, and Jong-Wha Lee. 2010. “A New Data Set of Educational Attainment in 
the World, 1950-2010.” National Bureau of Economic Research Working Paper 
15902. 

Bergoeing, Raphael, Patrick J. Kehoe, Timothy J. Kehoe, and Raimundo Soto. 2002. “A 
Decade Lost and Found: Mexico and Chile in the 1980s.” Review of Economic 
Dynamic, 5(1): 166-205.  

Collins, Susan M., and Barry P. Bosworth. 1996. “Economic Growth in East Asia: 
Accumulation versus Assimilation.” Brookings Papers on Economic Activity, 2: 135-
191. 

Dombi, Akos. 2013. “Economic Growth and Development in Central and Eastern Europe 
after the Transformation.” Public Finance Quarterly, 58(4): 452-468. 

Doyle, Peter, Louis Kuijs, and Guorong Jiang. 2001. “Real Convergence to EU Income 
Levels: Central Europe from 1990 to the Long Term.” International Monetary Fund 
Working Paper 01/146. 

Gollin, Douglas. 2002. “Getting Income Shares Right.” Journal of Political Economy, 110(2): 
458-474. 

Harberger, Arnold. 1978. “Perspectives on Capital and Technology in Less Developed 
Countries.” In Contemporary Economic Analysis, ed. M. J. Artis and R. A. Nobay, 42-
72. London: Croom Helm. 

Im, Kyung S., Hashem Pesaran, and Yongcheol Shin. 2003. “Testing for Unit Roots in 
Heterogenous Panels.” Journal of Econometrics, 115(1): 53-74. 

Iradian, Garbis. 2007. “Rapid Growth in Transition Economies: Growth-Accounting 
Approach.” International Monetary Fund Working Paper 07/64. 

Josifidis, Kosta, Radmila Dragutinović Mitrović, and Olgica Ivančev. 2012. 
“Heterogeneity of Growth in the West Balkans and Emerging Europe: A Dynamic 
Panel Data Model Approach.” Panoeconomicus, 59(Special Issue): 157-183. 

Mankiw, Gregory N., David Romer, and David N. Weil. 1992. “A Contribution to the 
Empirics of Economic Growth.” Quarterly Journal of Economics, 107(2): 407-437. 

Nadiri, M. Ishaq, and Ingmar R. Prucha. 1997. “Estimation of the Depreciation Rate of 
Physical and R&D Capital in the U.S. Total Manufacturing Sector.” National Bureau 
of Economic Research Working Paper 4591. 



 

661 Sources of Growth: Evidence from Ten Central and Eastern European Countries during 1993-2008 

PANOECONOMICUS, 2015, Vol. 62, Issue 5, pp. 643-661

Nehru, Vikram, and Ashok Dhareshwar. 1993. “A New Database on Physical Capital 
Stock: Sources, Methodology and Results.” Revista de Analisis Economico, 8(1): 37-
59. 

Neuhaus, Marco. 2006. The Impact of FDI on Economic Growth. Berlin: Springer-Verlag. 
Park, Walter G. 1995. “International R&D Spillovers and OECD Economic Growth.” 

Economic Inquiries, 33(4): 571-591. 
Rapacki, Ryszard, and Mariusz Prochniak. 2009. “Economic Growth in Twenty-Seven 

Transition Countries, 1990-2003.” Eastern European Economics, 47(2): 69-112.  
Schadler, Susan, Ashoka Mody, Abdul Abiad, and Daniel Leigh. 2006. “Growth in the 

Central and Eastern European Countries of the European Union.” International 
Monetary Fund Occasional Paper 252. 

Senhadji, Abdelhak. 2000. “Sources of Economic Growth: An Extensive Growth 
Accounting Exercise.” International Monetary Fund Staff Papers, 47(1): 129-158. 

Solow, Robert. 1957. “Technical Change and the Aggregate Production Function.” Review of 
Economics and Statistics, 39(3): 312-320. 

Van Leeuwena, Bas, and Peter Földvári. 2013. “Capital Accumulation and Growth in 
Central Europe, 1920-2006.” Eastern European Economics, 51(5): 69-93. 

 
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

662 Monica Pop Silaghi and Diana Alexa 

PANOECONOMICUS, 2015, Vol. 62, Issue 5, pp. 643-661 

 

 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


