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1. Introduction 

 

The Central Eastern European (CEE) countries, which joined the European Union in 2004 and 

2007, have constituted a dynamic part of the world economy since the transformation took place. 

The CEE countries reviewed are Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, 

Lithuania, Poland, Romania, the Slovak Republic and Slovenia. The post-socialist growth path of 

these countries can be divided into three consecutive phases. The first phase is the crisis of 

transformation, which resulted in the severe contraction of GDP and employment. The 

backgrounds of the economic collapse that is the collapse of the main export markets, the 

disorganization of the production links and the uncompetitiveness of the state-owned companies 

are well documented in the literature (see, e.g., Blanchard and Kremer, 1997; Antal, 2004). We 

can date this phase from 1990 to 1994. The end-date is not unambiguous. On the one hand, 1995 

was the first year, when the free-fall in GDP stopped in each country and the dynamics switched 

from negative to positive sign. On the other hand, in some countries the economy already started 

to grow before 1995 (e.g., Poland, Hungary), while in other countries the economy slumped 

again into deep recession after 1995 (Romania, Bulgaria).   

The second phase fell between 1995 and 2007, when these countries exhibited considerable 

economic growth compared to the developed world reducing thereby their relative backwardness. 

According to the Eurostat, the average annual GDP growth rates of the CEE countries ranged 

from 3 to 7 percent in this period (figure 1.1), while the same rate was only 2.9, 1.1 and 2.2 

percent for the USA, Japan and the former 15 countries of the European Union (EU-15) 

respectively.1 The individual records disperse markedly with the Baltic countries being the fastest 

economies and with Bulgaria, Romania, the Czech Republic and Hungary being the slowest ones. 

As a result of the robust economic growth, the relative GDP per capita of the CEE countries 

improved significantly until 2007 (figure 1.2). 

The third, recent phase has begun in 2008 and corresponds to the years of the global financial 

crisis. Although the financial markets of the CEE countries were plagued only marginally by 

                                                 
1 The country codes are the followings: Bulgaria (BGR), Czech Republic (CZE), Estonia (EST), Hungary (HUN), 

Latvia (LVA), Lithuania (LTU), Poland (POL), Romania (ROM), Slovak Republic (SVK) and Slovenia (SVN). 
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collateralized debt obligations and other toxic financial assets, the crisis hit most of them very 

seriously (Király, 2009). Especially the Baltic countries suffered.  

The tremendous literature on the CEE economies can be divided along the three phases of the 

post-socialist economic history. The first wave considers the crisis of transformation and the 

challenges faced by economic policy during the transition from command to market economy.2 

The second wave considers the development of market institutions, the catching up to the 

developed countries, the characteristics of the robust economic growth and the prerequisites of 

accelerating growth.3 The third wave deals with the impact of the global financial crisis, with the 

responses of economic policy and with the prospects of post-crisis growth.4 Of course, the three 

waves of the CEE literature are intertwined given that the growth performance and the 

macroeconomic stability of the individual countries are determined partly by the previous 

period’s economic policy. For example, the extraordinary recession amounting to 15-25 percent 

of GDP in the Baltic countries during 2008 and 2009 is considered to be the result of the pre-

crisis economic policy, which gradually overheated these economies (e.g. Becker et al., 2010; 

Darvas, 2011).          

 
 

Figure 1.1                         Figure 1.2 
Average growth rate of real GDP (1996-2007)        GDP per capita at PPP (EU-15=100, Eurostat) 

           
 
 

                                                 
2 See, e.g., Blanchard and Kremer (1997), Veress (1994), Nagy (2003), Kornai (1993). 
3 See, e.g., Erdős (2000a, 2000b, 2004a, 2004b), Dedák (2000), Mellár (2001), Antal (2004). 
4 See, e.g., Darvas (2010, 2011), Becker et al. (2010), Atoyan (2010), Aslund (2010). 
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The dissertation contributes to the second wave of the CEE literature by investigating the main 

components of the robust economic growth between 1995 and 2007 with a special emphasis on 

the role of physical capital accumulation. In doing so, we base our work on the three major areas 

of growth empirics. These three areas are growth accounting, development accounting and 

conditional convergence. First, we perform the growth accounting and development accounting 

for the 10 CEE countries between 1995 and 2007 (chapter 2). The goal is to identify the 

contribution of the main production factors (i.e., physical capital, labor and multifactor 

productivity) to the economic growth and to the relative economic development of these 

countries. Secondly, we estimate the neoclassical speed of conditional convergence in the CEE 

countries during the referred period (chapter 3). It is widely known, that the neoclassical Solow 

model is a model of physical capital accumulation. Thus the speed of neoclassical convergence 

represents the dynamics of the economy emanating from physical capital accumulation.     

Except development accounting, there is already a huge literature on the above issues. Here 

we present a short list. Growth accounting for the CEE countries or for a subset of them is 

performed in Doyle et al. (2001), Jongen (2004), Ganev (2005), Mourre (2009), Rapacki and 

Próchniak (2009), Salsecci and Pesce (2008), Vanags and Bems (2005), van Leeuwen and 

Földvári (2011). The real convergence of the CEE countries is investigated in Borys et al. (2008), 

Campos (2001), Cavenaile and Dubios (2011), Kutan and Yigit (2004), Matkowski and 

Próchniak (2007), Rapacki and Próchniak (2009), Szeles and Marinescu (2010), Borys et al. 

(2008).5 Despite this numerous literature, our results are real contribution to the empirics of the 

post-transition pre-crisis economic growth of the CEE countries. We base this belief on the 

methodological accuracy with which the accounting decomposition of the growth rate and the 

relative development is performed and with which the neoclassical speed of convergence is 

estimated. Consequently, the dissertation adds value from both an empirical and a 

methodological standpoint.   

Although the dissertation focuses on the pre-crisis growth path of the CEE countries, a small 

digression is devoted to the relationship of long run economic growth with population growth 

(chapter 4). The population of the CEE countries has stagnated or decreased since the 

transformation. The demographic processes are especially worrisome in the Baltic countries, 

                                                 
5 These studies differ from each other with respect to the applied economic concept of convergence and the 

econometric methodology.     
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Bulgaria and Romania. The question naturally arises: in what way decreasing population might 

affect the growth prospects of these countries? To find the answer, we review the related 

predictions of growth theory.       

The dissertation is of methodological nature therefore we present the list of variables at the 

end of it. The source of the data is depicted after the individual variables in parenthesis. The 

choice concerning the source of GDP requires some comments. The growth accounting literature 

uses GDP at constant prices in national currency, while the development accounting literature 

uses GDP at current prices in purchasing power parity (PPP). The Eurostat provides both series 

for the CEE countries in the investigated period. However, the estimation of the speed of 

neoclassical convergence requires GDP at constant prices in purchasing power parity since 

growth theory neglects any monetary phenomenon. Consequently, we work with the GDP at 

constant prices in PPP throughout the dissertation so as to maintain consistency. Unfortunately, 

the Eurostat does not provide this series. The most qualified international database on GDP at 

constant prices in PPP is the Penn World Table (PWT), which has become the workhorse 

database for growth theorists. In figure 1.1, we present the growth rates of real GDP based on 

PWT 6.3 as well. Comparing these rates with those found in the Eurostat, we can conclude that 

the two series are broadly in line with each other.   
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2. Growth accounting and development accounting in Central 

Eastern European countries *  

 

Growth accounting and development accounting are related disciplines with different goals. The 

former aims to decompose the growth rate, whereas the latter aims to decompose the level of 

GDP to its direct sources (i.e., the accumulation and the level of production factors). Although 

growth accounting and development accounting are usually discussed separately, this chapter 

addresses both of them. The contribution of the chapter is twofold. On the one hand, we deliver 

the results of growth accounting and development accounting for the 10 Central Eastern 

European countries from 1995 to 2007. On the other hand, we present a thorough overview of the 

possible techniques of making initial capital stock estimates. The estimation of the initial capital 

stock is a marginal issue in the standard literature because the long investment series available in 

almost every country render it irrelevant during accounting practices. However, the issue 

becomes crucial in most post-communist countries both because of the lack of reliable data on 

investments before the transition and because of the loose assumptions concerning the one-off 

drop in the physical capital stock during the transformation (Doyle et al., 2001; Pula, 2003). The 

latter imply that the standard perpetual inventory method can be applied only by the mid-1990s, 

resulting in a physical capital stock that is sensitive to the initial capital stock.  

 Growth accounting was first analyzed in the seminal works of Solow (1957) and Denison 

(1962). The real milestone came with Jorgenson and Griliches’s paper (1967), which has become 

the fundamental basis of modern growth accounting. Modern scholars have elaborated on the 

methodology of growth accounting (Schreyer, 2001). However, only a few statistical offices have 

published such calculations because of the lack of data. There are a few international databases, 

such as EUKLEMS, AMECO, LAF, TED, the Total Economy Growth Accounting Database and 

the OECD Productivity Database.6 Of these databases, the EUKLEMS database is the most 

accurate because its methodology fully corresponds to the directives of the OECD Manual 

                                                 
*  This chapter is based on Dombi (2013a, 2013b). 
6 EU KLEMS: www.euklems.net; AMECO (Annual Macro-Economic Database) and LAF (LIME Assessment 

Framework Database): http://ec.europa.eu/economy_finance; TED (Total Economy Database) and Total Economy 

Growth Accounting Database: www.ggdc.net .  
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(Schreyer, 2001) and because its data sources are also reliable (O’Mahonny and Timmer, 2009). 

Three of the six databases contain growth accounting results for the post-socialist EU countries. 

In the EUKLEMS database, we can only find data on the Czech Republic, Hungary and Slovenia, 

but the LAF and the TED databases involve all 10 countries.  

Development accounting also dates back to Denison (1962, 1967). Contrary to growth 

accounting, development accounting was not explored by researchers until the 90s, following the 

publishing of Mankiw et al.’s (1992) seminal paper. Mankiw et al. found that capital 

accumulation explains a large portion of the worldwide differences in GDP per capita. Refuting 

this ‘capital fundamentalism’ was the main motivation for King and Levine’s (1994) and Klenow 

and Rodríguez-Clare’s (1997) work in development accounting. However, Hall and Jones (1999) 

are accredited with revitalizing the literature on development accounting. Currently, two 

international databases publish the results of development accounting calculations: the already 

mentioned LAF and the GGDC Productivity Level Database (PLD). Although the former 

contains data on all of the post-socialist EU countries, the latter only contains information on the 

Czech Republic, Hungary and Slovenia. Of the two databases, the PLD, which was established as 

a complement to the EUKLEMS database, is more accurate (Inklaar and Timmer, 2008).  

Given the presence of international databases, the topic of this chapter might appear to be 

outdated. One might think that performing one’s own accounting decomposition is unnecessary. 

However, this belief is wrong because these datasets either contain results for only a few CEE 

countries (i.e., EUKLEMS, PLD) or dispose of some shortcomings (i.e., LAF, TED). We will 

discuss this issue in detail later in this chapter.  

The chapter is organized as follows. Section 2.1 introduces the standard formulae utilized in 

growth accounting and development accounting. Sections 2.2 and 2.3 address the necessary 

inputs of calculations. Section 2.2 discusses the derivation of labor and capital inputs paying 

special regard to the estimation of the initial capital stock, whereas section 2.3 describes the 

income shares of production factors. Section 2.4 presents the accounting results for CEE 

countries. Section 2.5 performs the sensitivity analyses of the accounting results with respect to 

the restrictive assumptions utilized at the calculation of the factor inputs. Section 2.6 compares 

our accounting results with those in the international databases. Section 2.7 concludes the chapter.   
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2.1 Standard formulae of the accounting exercise 

 

Start with the general production function 

 

(2.1)  ( ', , )Y F K L A=  ,      

 

where Y is the output (GDP), 'K is the physical capital input, L is the labor input and A is the 

residual factor.7 The growth literature associates A with the technology level. However, this factor 

actually involves all of the other relevant factors that are also disregarded during the decomposition 

process. From this point of view, A is actually a “measure of our ignorance” (Abramovitz, 1956). 

The development accounting literature calls the unexplained part of GDP ‘multifactor productivity’ 

(MFP).8 Similarly, in growth accounting, the residuum is the growth in MFP.  

First, we consider the case of growth accounting. Taking the logarithm of (2.1) and deriving it 

over time, we calculate the following: 

 

(2.2)  ( ) ( ) ( )' '
' 'A K LF A F K F LY

A A K K L L
Y Y Y Y

     = ⋅ + ⋅ + ⋅     
     

ɺ
ɺ ɺ ɺ   ,  where ( )

j

F
F

j

∂
=

∂
i

.     

 

If we accept the standard assumptions of growth accounting, then eq. (2.2) becomes 

 

(2.3)  ( ) ( )(1 ) ' 'MFP L LY Y g s K K s L L= + − ⋅ + ⋅ɺ ɺ ɺ   ,                 

 

where A
MFP

F A A
g

Y A
=

ɺ
, 

H

L

p L
s

Y
=  and Hp  is the wage (Barro, 1999). Because the calculations 

utilize discrete data, we must write (2.3) in terms of differences, as shown by the following: 

 

(2.4)  ', ', 1 , , 1ln ln ln ' ln
2 2

K t K t L t L t
t t t t

s s s s
Y MFP K L− −+ +

∆ = ∆ + ∆ + ∆   , where ', ,1K t L ts s= − .   

   

                                                 
7 To keep the notation simple throughout the chapter, we only use time indexes when confusion may arise. 
8 TFP (Total Factor Productivity) is often used in place of MFP.  
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Equation (2.4) is the final formula of growth accounting.9  

We now consider the case of development accounting. If our goal is to investigate the relative 

development of a country and the drivers of this development (i.e., we aim to compare the 

country’s development to that of an R reference country), we can derive the decomposition 

formula of development accounting by taking the bilateral Törnqvist index of MFP (see, e.g., 

Inklaar and Timmer, 2008). In this case, we arrive at the following expression: 

 

(2.5)  ', ', , ,'
ln ln ln ln

2 ' 2

R R
K t K t L t L tt t t t

R R R R
t t t t

s s s sY MFP K L

Y MFP K L

+ +
= + +  .             

 

Equation (2.5) describes how the difference in GDP decomposes into differences in capital input, 

in labor input and in MFP. Although this question is central to most studies in the literature, we 

find the decomposition of the level of GDP to be interesting as well. To decompose the level of 

GDP, we must proceed from the production function. Contrary to the case of growth accounting, 

we now must specify ( )F i , which is not a trivial step. The results of the accounting exercise 

depend heavily on the exact form of the production function under some circumstances (Caselli 

2005). However, Aiyar and Dalgaard (2004, 2009) found that the widely used Cobb-Douglas 

(CD) function (Hall and Jones, 1999; Klenow and Rodríguez-Clare, 1999) is a reasonable choice, 

as shown by the following: 

  

(2.6)  1( ') ( )Y K ALα α−= .                         

 

Taking the logarithm of both sides, we arrive at the final decomposition formula:  

 

(2.7)  ln ln ln ' (1 ) lnt t t t t tY MFP K Lα α= + + − ,  

 

where ,(1 )t L tsα− =  under standard assumptions and ln (1 ) lnt t tMFP Aα= − .  

                                                 
9 Note that eq.(2.4) holds only if the production function has the translog specification (Diewert, 1976). For a 

thorough discussion of the methodological issues of growth accounting, see Hulten (2009). 
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We will perform the development accounting and growth accounting of the CEE countries in 

accordance with equations (2.4), (2.5) and (2.7) in section 2.4.  

 

 

2.2 Measuring factor inputs 

 

The central issue in development accounting and growth accounting is the accurate measurement 

of factor shares and inputs. This section addresses the inputs. In equations (2.4), (2.5) and (2.7), 

'K  and L denote the production services of physical capital and labor. The reach of these 

services depends on their quantitative and qualitative dimensions. The literature usually assumes 

that the production service of physical capital is proportional to its stock. We thus identify the 

quantitative dimension of 'K  with the aggregate capital stock (K). In the case of labor, the 

quantitative dimension is the total number of hours worked in the economy (H) or, if there is a 

lack of data, employment (E). In both production inputs, the qualitative factor is embodied by a 

multiplicative term (QK, QH) that considers the composition of capital or labor.  

 

(2.8)  HL Q H=   and  ' KK Q K=          

 

In the case of growth accounting, measuring the change in quality is simple if the necessary data 

are available. That is, we can easily derive the expression for ln x
tQ∆  ( ,x K H= ) from the 

Törnqvist index of aggregate capital (labor) input: ln ln( / )x
t j jt tj

Q v x x∆ = ∆∑ , where 

( 1)( ) 2j jt j tv v v −= + , and jtv  is the share of the j capital (labor) category from total capital (labor) 

compensation at time t.10 The formula tells us that the growth rate of quality is the weighted 

average of the /jt tx x  quantity ratios’ growth rates.  

                                                 
10 The Törnqvist index of aggregate capital (labor) input is ( 1)( )

ln ln
2

jt j t
t jtj

v v
Z x−+

∆ = ∆∑  , where ',Z K L=  , 

x
jt jt

jt x
jt jt

p x
v

p x
=
∑

, and X
jtp  is the rental price of asset (labor hour) j. Transforming the index, we arrive at the following 

expression: ln ln ln( / ) ln ln x
t t j jt t t tj

Z x v x x x Q∆ = ∆ + ∆ = ∆ + ∆∑ . For details, see O’Mahony and Timmer (2009). The main 



 

10 

In the case of development accounting, we cannot separate the Qx quality factor from the x 

quantity factor in a methodologically accurate manner. Consequently, in practice, we usually 

calculate 'K  and L in a different manner from eq.(2.8) (Inklaar and Timmer, 2008). However, by 

applying a trick, we can derive an approximate estimation for Qx and thereby retain this 

suggestive formula:  

 

(2.9)  
x
jt jtx

t x
j Rt t

p x
Q

p x
≈∑ ,      

 

where x
jtp  is the rental price of the asset (labor hour) j and x

Rtp  is the rental price of the reference 

category. If we accept the neoclassical assumption that the prices of production factors equal their 

marginal products, then it becomes clear why this expression can be regarded as an 

approximation for the efficiency multiplier of aggregate capital (labor). According to (2.9), the 

composition of capital stock and labor improves if the shares of the more productive (i.e., 

expensive) categories within K and H rise. The method can primarily be used to estimate QH 

because the productivity order between the standard categories is more evident in the case of 

labor (see, e.g., Mourre, 2009).   

 The calculation of x
tQ  and ln x

tQ∆  faces difficulties in some CEE countries due to a lack of 

data availability. The problem is especially pronounced in the case of capital. Therefore, in the 

following, we assume that 1K
tQ = . In other words, we ignore the compositional change in capital 

stock and its effect on quality. Although doing so worsens the accuracy of the accounting results, 

our calibration is in no way unusual. Many authors also utilize this aggregate concept of physical 

capital (e.g., Caselli and Tenreyro, 2005; Bosworth and Collins, 2003). Moreover, the LAF and 

the AMECO databases operate in the same manner as well. 

 
 
 
 
 

                                                                                                                                                              
categories (j) for the case of labor are low-, medium- and high-skilled labor, whereas for the case of capital, these are 

ICT and Non-ICT capital. 
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2.2.1 Labor input 

 

The official international statistics for the total number of hours worked and employment are 

already available for all CEE countries. Because theoretical considerations support the use of H 

instead of E, we perform our calculations with H in the remainder of the chapter.11 The source of 

H is the TED database.  

 We measure the HQ  quality factor by following two different approaches. The first approach 

is related to the accounting literature and focuses on the compositional differences of labor. The 

second approach relies on the human capital concept of growth theory and tries to measure the 

average level of qualification within the labor force. The two methods are related in the sense that 

both of them aim to present an efficiency multiplier for the unit labor input. However, the 

underlying concept and the method of calculation are different. Although the accounting 

approach is more accurate, in many cases, we are only able to utilize the growth theory approach 

because of the lack of data. 

 We introduced the accounting approach of HQ  in the beginning of this section. We perform 

the calculations in accordance with eq.(2.9).12 We divide labor into three categories (xj) based on 

the highest level of education: labor with primary education (j=p), labor with secondary 

education (j=s) and labor with tertiary education (j=t).13 The reference group is labor with only 

primary education. Although the distribution of total hours worked according to these labor 

categories is unknown for many CEE countries, properly disaggregated employment data are 

available in Eurostat. We thus utilize employment (x=E). We identify the relative hourly wages 

related to the individual education levels with the 2002 CEE average (i.e., 

02 02/ ( )H H H H
jt pt j p CEE

p p p p= ). We calculate these averages in accordance with the 2002 Structure of 

                                                 
11 Note that total number of hours worked is a statistically less reliable indicator than employment due to measurement 

problems. However, this widely known fact does not influence our choice because the correlation of the two variables is 

strong and positive in all CEE countries except for Poland from 1995 to 2007.  
12 Although the results of growth accounting would be more accurate if we calculated the growth rate of QH 

according to the Törnqvist index of aggregate labor input, the necessary data were not available for all CEE 

countries. 
13 Primary ed: levels 0-2 (ISCED 1997), Secondary ed: levels 3-4 (ISCED 1997), Tertiary ed: levels 5-6 (ISCED 1997) 
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Earning Survey (Eurostat).14 The starting year of the calculations is 1998.15 Figure 2.1 presents 

the results. For the exact numerical values, see table A1. 

 

 

Figure 2.1 The efficiency multiplier of labor: accounting approach 
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Q E E p p=∑ . In the case of Germany (GER), we 

followed the same procedure outlined above, with relative wages assuming the 2002 CEE averages.  
 

 

According to the growth theory approach, the average human capital is a log-linear function of 

the average years of schooling for the labor force (sy): H r syQ e= i . This standard assumption is 

based on the results of the Mincerian regressions (Caselli, 2005). Although the empirical data 

unequivocally support the notion that the return to schooling (r) is not a constant but a decreasing 

                                                 
14 Because the SES is repeated only once every four years, we do not have annual data. The obvious decision appears 

to be to rely on the results of the 2002 survey to the extent that they fall into the middle of the investigated period. 

Our choice does not influence the efficiency multiplier because the relative wages are highly persistent, which becomes 

evident when we compare the 2002 results with the results of the 2006 survey. We use the CEE average because the 

ratio of the average wages to the minimum wages is highly dispersed, which can distort the relative wages through 

wage compression (Mourre, 2009). Thus, calculating HQ  with the CEE average relative wages ensures that we only 

catch the differences in the composition of labor. However, the individual values are close to the average. Because the 

SES2002 does not contain data on Estonia, Latvia and Hungary, the CEE averages are actually the averages of the 

seven remaining countries.  
15 In the case of Bulgaria, disaggregated employment data (Ej) are available only from the year 2000. We estimated the 

value of 1998 and 1999 by employing linear extrapolation based on the average growth rate of years t+2, t+3 and t+4. 
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function of sy, the concrete values are quite uncertain (Psacharopoulos and Patrinos, 2004). 

However, based on the results of Psacharopoulos (1994), many studies calibrate r in the 

following manner: r=0.134 if 4sy≤ ; r=0.101   if 4 8sy< ≤ ; and r=0.068  if 8 sy< .16 

Therefore, we also utilize these values. 

  The level of human capital depends not only on the years of schooling but also on the quality 

of the educational system. Therefore, we try to consider the latter when calculating HQ . To do 

so, we rely on Hanushek and Woessmann’s (2009) cognitive index (q), which is actually the 

average score achieved by the students of a given country on the International Student 

Achievement Tests in math and science. To calculate the quality-adjusted years of schooling 

(syadj), we use this indicator as a proxy for the quality of the educational system: 

 

  (2.10)  adj
CEE

q
sy sy

q
=  , where CEEq  is the average cognitive index of the 10 CEE countries.     

 

Equation (2.10) shows that syadj equals the years of schooling adjusted for the relative 

achievement of the students. According to (2.10), the effect of an additional year of schooling on 

human capital is higher, ceteris paribus, in the countries that performed better in the tests. 

Utilizing the quality-adjusted years of schooling, we calculate the efficiency multiplier of labor as 

follows: adjr syHQ e= i . The source of data on years of schooling is the most recent Barro and Lee 

(2010) database. Because the database is quinquennial, the data for unobserved years are derived 

by linear interpolation. Figure 2.2 presents the results. For the exact numerical values, see table A1. 

   
 
 
 
 
 
 

 

                                                 
16 According to Psacharopoulos (1994), the coefficient of the years of schooling in the Mincerian regressions was, on 

average, 0.134 for the Sub-Saharan countries, 0.101 for the world and 0.068 for the OECD countries, whereas the 

average years of schooling was 5.9, 8.4 and 10.9, respectively. Hall and Jones (1999) were the first researchers who 

used these returns in the H r syQ e= i  expression. More precisely, they made the following assumptions: r sy=0.134sy⋅  

if 4sy≤ , r sy=0.134 4+0.101(sy-4)⋅ ⋅  if 4 8sy< ≤  and r sy=0.134 4+0.101 4+0.068(sy-8)⋅ ⋅ ⋅  if 8 sy< .  
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  Figure 2.2 The efficiency multiplier of labor: growth theory approach 
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Notes: The calculations are based on adjr syH
tQ e= i

. In the case of Germany (GER), we followed the same 

procedure outlined above, with the same r returns and with CEEq at (2.10).   

 

 

Investigating the results of the two approaches, we can establish the following. First, the 

calculated alternative HQ  indicators are significantly different in every country. In general, the 

values of the growth theory approach are higher than the values of the accounting approach. 

Second, the correlation of the two HQ  indicators is strong and positive in almost every CEE 

country (i.e., the within-groups dynamics are similar).17 Third, the correlation of the two HQ  

indicators is weak (<20%) when we consider the whole panel (i.e., the stacked data). The 

underlying reason for the latter finding is that the between-groups covariance of the two HQ  

indicators is weak (i.e., the between-groups dynamics are different).   

                                                 
17 From 1998 to 2007, the correlation coefficient exceeds 0.9 in five countries, 0.8 in three countries and 0.65 in one 

country. The only exception is Lithuania, where the coefficient is -0.57. The reason for the latter finding is the large 

drop in the value of the accounting approach of QH in 2001, which is in sharp contrast to the continuous increase in 

the value of the growth theory approach of QH. The structure of employment with respect to the highest level of 

education changed dramatically in Lithuania in 2001. The number of employed people with secondary education 

increased from 606.4 thousand to 836.9 thousand, whereas the number of employed people with tertiary education 

decreased from 647.9 thousand to 381.1 thousand. The underlying reason is unclear, as the Eurostat does not signal 

any break in the series. 
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With respect to the similar within-groups dynamics of the HQ  indicators, we expect the results 

of growth accounting to be robust to the chosen efficiency multiplier in the case of CEE 

countries. On the contrary, because of the different levels and between-groups dynamics of the 

two HQ  indicators, we expect the results of development accounting to be sensitive to the chosen 

efficiency multiplier.18     

 

 

2.2.2 Capital stock  

 

Because we do not have official data on the capital stock of CEE countries, we use the standard 

perpetual inventory method (PIM) to calculate Kt. If there is a geometric pattern of decay, then 

the formula of PIM is the following19:  

 

(2.11)  
1

0
0

(1 ) (1 )
t

t j
t t j

j

K K Iδ δ
−

−
=

= − + −∑  .                      

 
From eq.(2.11), we can clearly observe that the calculation requires three ingredients: 1) initial 

capital stock (K0), 2) the depreciation rate (δ) and 3) investments at constant prices (It). 

We calculate the aggregate capital stock from 1995, that is, from the first year of the 

accounting period. The choice of initial year is governed by necessity. On the one hand, reliable 

investment data are only available for a few CEE countries before the transformation process.20 

On the other hand, we only have loose assumptions about the one-off drop in capital stock during 

the transformation process (Doyle et al., 2001; Pula, 2003). However, the proximity of the initial 

year induces a severe problem in that the calculated capital stock will be sensitive to K0, 

                                                 
18 Due to the essential differences in the levels of the alternative QH indicators, it is clear that the development 

accounting will be sensitive to our choice when we decompose the level of GDP. In the case of the decomposition of 

relative development, it is possible that the results will be neutral to the method of QH despite the prevailing 

differences in the values. However, the latter requires the between-groups covariance to be strong and positive.   
19 For the theoretical basis for using the geometric pattern of decay, see Nehru and Dareshwar (1993).  
20 Two international databases have released investment data for certain CEE countries before the transformation: the 

Penn World Table released data for Bulgaria, Hungary, Poland and Romania, and the World Bank released data for 

Bulgaria and Hungary. 
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especially during the first part of the investigated period. The essential influence of initial capital 

on the growth accounting and the development accounting of the last two decades is 

unquestionably a post-socialist specialty. For the majority of the other countries, long–term 

investment data are already available. Therefore, in their case, the effect of K0 on capital stock 

evaporates due to depreciation before the 1990s.   

 

 

2.2.2.1 Methods of estimating the initial capital stock 

 

The sensitivity of the accounting decomposition to the initial capital stock renders the usually 

unimportant question of which method to choose for estimating K0 highly relevant in the case of 

the CEE countries. This section provides an overview of the possible techniques.21 

 

1. Naive Approach (Nehru and Dhareshwar, 1993): The present ratio of capital to GDP is 

assumed to be equal to the initial ratio (i.e., 0 0 t tK Y K Y= ). One can calculate the present stock of 

capital with PIM by calibrating the initial capital stock to zero (i.e., 
1

0

(1 )
t

j
t t j

j

K I δ
−

−
=

= −∑ ). According 

to these data, K0 can be calculated easily (i.e., 
1

0 0
0

(1 ) /
t

j
t j t

j

K Y I Yδ
−

−
=

= −∑ ).  

2. Harberger Approach (Iradian, 2007; King and Levine, 1994): This approach may be the most 

famous method for estimating the initial capital stock. We proceed from the equation of capital 

accumulation and assume that K/Y is constant (i.e., 1 1 tt t t t YK K Y Y g− −∆ ≈ ∆ = ). Thus, we arrive at 

the expression for the initial capital as follows22: 

                                                 
21 With the exception of the Harberger approach, the standard labels of the individual techniques are missing in the 

literature. As a result, we were forced to provide fictional labels for the techniques. We tried to label them such that 

the name refers to the underlying method.   
22 There is another method that we call the Solow model approach, which is practically equivalent to the Harberger 

method (e.g., Klenow and Rodríguez-Clare, 1997). The Solow model approach also proceeds from the equation of 

motion of capital and the steady-state assumption while deriving its own expression for the initial capital stock: 

* *
1 /( )t tK I n g δ− ≈ + + , where n* and g* are the steady-state growth rates of population and technology, respectively. We 

can clearly see that this approach is equivalent to eq.(2.12) when we recall that in the Solow model, * * *
Yg g n= +  holds 

for the steady-state assumption. 
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 (2.12) 1 1 1
1 1 t

t t t
t t t t t

t t Y

K I I
K K I K K

K K g
δ δ

δ− − −
− −

∆= + − → = − → ≈
+

 .     

          

3. Quasi-Harberger Approach (Young, 1995): Although this method provides a similar formula 

to eq.(2.12), the underlying concept is different. The major assumption is that investments grow 

at a constant rate (i.e., 1/t t II I g−∆ = ). Based on this assumption and the accumulation formula of 

capital, we can derive the initial capital stock as follows23: 

 

(2.13) 
1 1

0 0

11
(1 ) (1 )

1(1 ) 1
1

j jt tI
t t j t t tj

j j I I I

I

I Ig
K I I K I

g g g
g

δ δ δ δ δ

∞ ∞

− − −
= =

+= − = − = → = =−+ + +−
+

∑ ∑ .      

 

4. Profit-maximization Approach (Jongen, 2004; IMF, 2010): This approach adopts the 

neoclassical assumptions of no externality and a production function that is linearly 

homogeneous in L and K. As a result, the profit-maximization problem of the representative 

company becomes a macro-level optimization. In the case of the CD production function, the 

profit (π) is 1( ( ) )Y H Kp K AL p L p Kα απ −= − − , where Yp  is the price of output, and Kp  is the rental 

price of capital. One necessary condition for optimality is that 0Kπ∂ ∂ = , from which we arrive 

at the following: 

 

(2.14) 
K
r

K

Y p

α=  , where 
K

K
r Y

p
p

p
=  is the real cost of capital, measured in units of output.  

     

5. Regression Approach I. (Nehru and Dahreshwar, 1993; King and Levine, 1994; IMF, 2008): 

This approach derives the capital stock from the aggregate production function, estimates the 

rearranged equation for a panel of countries and forecasts out of sample. We rearrange a CD 

production function, 1( )HY K AQ Hα α−= , to arrive at the following: 

  

                                                 
23 In the third equation, we used the sum of the ( ) ( )

0

1 1
j

I
j

gδ
∞

=

 − + ∑  convergent geometric series. 
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(2.15) , , , , ,

1 1 1
ln ln ln( ) lnH

i t i t i t i t i tK A Q H Y
α α

α α α
− −= − − +  ,                 

 

where i and t are country and time indexes, respectively. Equation (2.15) is the regression to be 

estimated.24  

 

6. Regression Approach II. (Rööm, 2001; Nehru and Dahreshwar, 1993): Contrary to the 

previous approach, this method directly estimates the initial capital stock as a regression 

coefficient. Consider a CD production function, 1 1
0( ) ((1 ) ) ( )H t HY K AQ H K NI AQ Hα α α αδ− −= = − + , 

where 
1

0

(1 )
t

j
t j

j

NI Iδ
−

−
=

= −∑ . By taking the logs of both sides, we arrive at an expression with non-

linear parameters: 

 

(2.16) , , , , ,0 ,ln (1 ) ln (1 ) ln( ) ln((1 ) )H t
i t i t i t i t i i tY A Q H K NIα α α δ= − + − + − + .     

 

We can estimate eq.(2.16) with non-linear least squares (NLS). The independent variables will be 

t, ln( )HQ H  and NI , whereas the parameters will be α and ,0iK . We expect additional variables 

and parameters related to the specification of ,ln i tA , which is a common weak point of the two 

regression approaches. The topic will be discussed in more detail in the next section.    

In addition to all of these analytic and regression methods, we can determine K0 based on 

statistical surveys as well. Unfortunately, in the case of CEE countries, such surveys are scarce.25 

 

 

2.2.2.2 Initial capital stock estimation for Central Eastern Europe 

 

In this section, we calculate the initial capital stock of CEE countries by utilizing each method 

introduced in the previous section. Depending on these results, we also provide our own 

                                                 
24 Subtracting lnY from both sides, we arrive at an expression for ln(K/Y). King and Levine (1994) and the IMF’s 

(2008) country report on Lithuania estimated a non-structural regression for K/Y. 
25 There are a few other less accurate methods that are not discussed here, such as the method used by the IMF (2003). 
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estimation of 1995K . We derived the data from the following sources: Investments (I), GDP (Y) 

and GDP per capita (y) from the PWT 6.3 database; Total hours worked (H) from the TED 

database; GDP and Gross Fixed Capital Formation (GFCF) deflators from the AMECO database; 

Lending rate from the IFS database (IMF); labor share ( ,1 t L tsα− = ) (see section 2.3); and QH 

(see section 2.2.1 and the growth theory approach).26 

  

 

Table 2.1 The initial (1995) capital-output ratio according to the individual methods 
 

1995 1995/K Y  Naive Harberger Quasi-
Harberger 

Profit 
Max. 

Regr. 
I. 

Regr. 
II. 

Own 
estimation 

Bulgaria 1.47 -2.77 0.18 0.93 1.45 1.50 1.47 
Czech Rep. 1.81 2.21 2.19 1.91 1.89 2.24 2.04 
Estonia 1.96 1.95 1.22 5.49 1.25 1.42 1.56 
Hungary 1.69 2.10 1.50 2.66 2.34 1.84 1.78 
Latvia 1.69 1.30 0.64 0.78 1.69 1.57 1.56 
Lithuania  1.25 0.95 0.62 1.71 0.78 1.09 1.35 
Poland 1.48 1.44 1.24 1.86 1.88 1.53 1.57 
Romania 1.52 1.64 1.39 1.76 1.82 1.84 1.66 
Slovak Rep. 1.66 1.85 1.77 1.98 1.77 1.51 1.76 
Slovenia 2.24 2.29 1.65 3.26 2.48 1.86 2.01 

          Notes: Rounded data. ‘Own estimation’: arithmetic average of the gray fields 
 

 

Table 2.1 presents the results of the individual methods. It contains the capital-output ratio 

( 1995 1995K Y ) instead of K1995 because the former is more suggestive. Before discussing the 

results, we must comment on the calculation and estimation procedures. For each method, we 

assume that the annual depreciation rate is 10 percent. We address the dilemma concerning the 

depreciation rate in the next section. In the naive approach, we utilize the 2007 2007K Y ratio based 

on the accumulation of investments from 1995 to 2007. In the Harberger approach, we calculate 

the results using the 1996 values of I and Yg . In other words, we adopt eq.(2.12) at face value. In 

                                                 
26 We derived the investment and GDP data as follows: 1000Y POP rgdpl= ⋅ ⋅ , /100I Y ki= ⋅ . The ‘POP’, the ‘rgdpl’ 

and the ‘ki’ are variables of the PWT 6.3 and denote the population in thousands, the real GDP per capita at purchasing 

power parity and the investment share of rgdpl respectively. For y, we utilised rgdpl. The three variables (i.e., Y, I and 

y) are based on purchasing power parity and constant prices.   
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the Quasi-Harberger approach, we work with the 1996 level of investments and their average 

growth rate from 1995 to 2007 (Ig ).  

In the profit-maximization approach, two difficulties emerge. First, our calculation of the nominal 

cost of capital is not trivial. To this end, we use the standard Jorgenson formula and find that 

1 1( )K I I I I
t t t t t tp p i p p pδ− −= + − − , where Ip  is the price of the investment goods, and i  is the required 

return (see, e.g., Jorgenson and Stiroh, 2000).27 The second problem is that we do not have any data 

regarding the absolute price levels (i.e., Yp , Ip ). The deflators available in the databases only 

provide the prices relative to those of a base year. To solve this problem, we apply the following 

technique. First, we break up the prices of output and investment goods into the product of the 

adequate deflator and the base year price: I I I
t b tp p d= , Y Y Y

t b tp p d= , where b is the index of base year, 

and d is the deflator. Then, we substitute the latter and the Jorgenson formula into eq.(2.14): 

 

(2.17) 
1 1 1 1( ) ( ( )

Y Y Y
t t t b t t

I I I I I I I I I
t t t t t t b t t t t t

K p p d

Y p i p p p p d i d d d

α α
δ δ− − − −

= =
+ − − + − −

.              

 

We calculate the ratio of the base year prices in accordance with eq.(2.17) by referring to the 

given value of /b bK Y :  

 

(2.18)  
1 1(1 )

I
b b b
Y I I
b b b b b

p Y

p d i d K

α
δ− −

=
+ − −

 .                  

     

Therefore, we calculate the profit-maximization approach with the help of equations (2.17) and 

(2.18). Concerning the empirical equivalents of the variables, we must determine the following: 

for the required return (i ), we adopt the lending rate of the IFS database; Id and Yd are identified 

as the GFCF and the GDP deflator, respectively, for the base year 2000.28 Assuming that K0 

                                                 
27 The formula is based on the behaviour of an optimizing, rational agent with perfect foresight. 
28 In the case of Slovenia, we adopt the central bank rate as the required return because lending rate is not available. 

In any case, the theory provides no strict guideline for determining the empirical equivalent of the required return in 

Jorgenson’s formula (Schreyer, 2001). The question of which instrument should be considered in the arbitrage 

depends on the financial characteristics of the company, as Schreyer indicated: “Depending on a firm’s financing 
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equals the 1995 capital stock that is calculated with the naive approach (see table 2.1), we derive 

the capital-output ratio for the base year (2000 2000/K Y ) in accordance with eq.(2.11).   

 In each regression approach, we encounter two problems. On the one hand, there are 

methodological difficulties related to the estimations. On the other hand, there are specification 

errors with regard to the level of technology. With respect to the latter, the neoclassical 

framework assumes that technology grows at a constant exogenous rate (g) (i.e., , ,0
gt

i t iA A e= ). If 

this assumption is true, then ,ln i tA  can be substituted with unit-specific constants and a linear 

trend in equations (2.15) and (2.16), as , ,0ln lni t iA A gt= + . However, the growth rate of 

technology is neither exogenous nor constant. In fact, the growth rate differs every year and for 

every country ( ,i tg ) depending on the economic and social conditions (Aghion and Howitt, 1998) 

(i.e., ,
0

, ,0

t

i vg dv

i t iA A e∫= ). Therefore, the log-value of technology is , ,0 ,0
ln ln

t

i t i i vA A g dv= + ∫ . As a 

result, if ,ln i tA  is incorporated into the regression in accordance with the aforementioned 

neoclassical assumption, then the estimated parameters will be distorted due to a specification 

error. Because the methodological considerations suggest using the first-order differences of 

equations (2.15) and (2.16) (see below), the solution to the problem simplifies to the modeling of 

technological progress (i.e., , ,ln i t i tA g∆ = ). 

We specify the growth rate of technology in accordance with the leader-follower model. This 

model shows that the less developed follower countries experience conditional convergence in 

technology because of the lower cost of imitation compared with the cost of innovation and the 

technology gap between the follower and the leader countries. The extent and speed of 

technology catch-up are determined by the adaptation capabilities of each country’s economy.29 

                                                                                                                                                              
pattern, i t could be measured as the interest rate at which a firm can raise funds or it could be measured as a return on 

government bonds, i.e., the risk-less opportunity cost of investment, if investment is financed from retained 

earnings.” (Schreyer, 2001, pp. 69). In the nineties, the CEE companies were primarily characterised by the scarcity 

of their resources, and raising funds was principally done through loans. As a result, measuring i with the banks’ 

lending rate seems reasonable.        
29 For an introductory discussion of the leader-follower model, see Fagerberg (1994). For technical details, see Howitt 

(2000) and Barro and Sala-i-Martin (1997). For implementing the model in growth regressions, see Dowrick and 

Rogers (2002) and De la Fuente (2002). 
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With regard to these points, we define each country’s technological progress as follows: 

, , 1 , 1( )i t L t i tg A Aϕ − −= , where , 1L tA −  is the technology level of the leader country. This simple 

formula is suggested by Bernard and Jones (1996) and shows that the growth rate of technology 

is a linear function of the technology gap that exists at the beginning of the period.30 We use the 

relative GDP per capita at PPP ( )L iy y  as a proxy for the relative technology level. This practice 

is standard in the related empirical literature (Dowrick and Rogers, 2002). Therefore, in the 

regressions, we substitute , 1 , 1( )L t i ty yϕ − −  for ,i tg . In regression approach I, the leader country is 

the USA, whereas in regression approach II, Germany is the leader country.    

With respect to the methodological difficulties of the estimations, the main issues are the non-

stationary endogenous variables, the unit-specific fixed effects and the omitted variables. Because 

we utilize structural equations, there is no way to address the problem of omitted variables. In 

this case, our margin for augmenting the model is restricted to the proxies for technological 

progress. However, the other three problems can be partly handled. By taking the first-order 

differences of equations (2.15) and (2.16), we eliminate the cross-sectional fixed effects, and 

according to the standard panel unit root tests, the majority of the variables become stationary as 

well.31 An obvious solution for endogeneity is the instrumental variable estimation of the 

differenced equations. However, we cannot apply this technique in regression approach II 

because the iteration fails before convergence when we run the nonlinear TSLS. In regression 

approach I, the instrumental variables are the first-order lags.32 

                                                 
30 Of course, this formula is only an imperfect approximation for technology catch-up. The formula’s biggest 

deficiency is that the adaptation capability of the follower economy (φ) is regarded as exogenous.  
31 We performed the Levin-Lin-Chu and the Madala-Wu Fisher tests (see Baltagi, 2005) for each variable. The results 

are provided in appendix 1. Performing the aforementioned unit root tests for the second-order differences of the 

original variables, we can reject unequivocally the unit root null hypothesis in each case. Thus, the adequate stationarity 

transformation is the second-order differencing. Despite the latter, we worked with the first-order differences of 

equations (2.15) and (2.16). The reasons are the followings. First, if we estimate the second-order difference of 

eq.(2.15), there is no way to derive the capital stock from the fitted 2 ln K∆ . Second, the NLS estimation of the second-

order difference of eq.(2.16) is not feasible in our case, because the iteration fails before convergence.   
32 The first-order lags do not pass the exogenity criterion because if ( ; ) 0t tCov u x ≠ , then ( ; ) 0t h t t t hCov u u x x+ −− − ≠ , 

where ln , ln( )Hx Y Q H= , and u is the residuum. Although the higher-order lags are predetermined, we neglect them 

for two reasons. First, the five-year periods (h=5) render the correlation between the residuum and the first-order lags 
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The estimated regressions and the accompanying statistics are presented in appendix 1. The 

differenced eq.(2.15) is estimated according to a panel of 26 countries and 8 periods (1970, 

1975…, and 2005). The quinquennial observations ensure that business cycles do not distort the 

results. In the NLS estimation of differenced eq.(2.16), the sample consists of the 10 CEE 

countries with annual observations between 1996 and 2005.33 Because of autocorrelation, we use 

the FGLS method with Period SUR weights in both cases.34 The software we utilize is Eviews 7. 

We calculated the 1995 1995/K Y  ratios in accordance with the fitted regressions, as presented in 

columns Regr I. and Regr II. of table 2.1. One may ask how the stationarity transformation affects 

the calculation of K0. For regression approach II, nothing has changed. The NLS estimation of 

the differenced eq.(2.16) continues to directly estimate K0 as a regression coefficient. However, 

for regression approach I, the situation is different because the fitted regression allows us to only 

forecast the growth rate of K (Kg ). Nevertheless, based on the accumulation equation of capital, 

we can determine that 1 /( )
tt t KK I g δ− = + , as demonstrated by the Harberger approach. Therefore, 

by knowing the investments, the depreciation rate and the growth rate of capital, we can calculate the 

capital stock. We derive K1995 in two steps. First, we estimate K2000 by following the aforementioned 

formula. In this formula we substitute ,2001Kg  with the average growth rate of capital from 2001 to 

2005, predicted in accordance with the fitted regression. Second, by applying the PIM method 

recursively (
1 ( ) /(1 )t t tK K I δ− = − − ), we calculate the capital stock from 2000 to 1995.    

 Examining table 2.1, we can determine that the capital-output ratios that we calculated with 

the individual methods disperse throughout a wide range for each country. This observation 

remains true even when we concentrate only on those values, which appear to be realistic. These 

values are colored gray in table 2.1. There are two reasons for the inconsistent results: the initial 

assumptions of the analytical methods are not fully realized, and the methodological difficulties 

in the regressions can only be partially addressed. Therefore, each method provides an imperfect 

approximation for the capital stock. With respect to the analytical methods, both the Harberger 
                                                                                                                                                              
weak. Second, according to the Godfrey-Shea-index (Godfrey, 1999), the higher-order lags are less relevant 

instruments. The calculated Godfrey-Shea-indexes are provided in appendix 1.   
33 For the sake of simplicity, in the non-linear regression, we calibrate (1-α) to 0.5 in accordance with the average labor 

share of the CEE countries (section 2.3) instead of estimating it as a parameter.  
34 The FGLS with Period SUR weights allows for arbitrary autocorrelation and period-specific heteroskedasticity in the 

covariance matrix of the residuum.  
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and Quasi-Harberger approaches assume that the economy is in a steady state when the formula 

for Kt-1 is derived. For the profit-maximization approach, eq.(2.14) is based on the neoclassical 

framework, and the calculation of the rental price of capital requires additional restrictions, such 

as rational expectations and the empirical equivalent for required returns. These conditions have 

certainly not been met in the CEE countries since the transformation took place. On the one hand, 

the relevance of rational expectations is highly dubious in a volatile macroeconomic 

environment. On the other hand, conditional convergence prevails instead of a steady-state 

economic environment (Dedák and Dombi, 2009). 

The inconsistent results further emphasize the importance of the initial capital estimation with 

respect to the growth accounting and development accounting of CEE countries. Unfortunately, we 

cannot set up an unambiguous order of preferences for the different methods because each method 

has its own deficiency. The regressions tend to produce less accurate estimations, whereas in the 

analytical approaches, the accuracy of the initial assumptions is doubtful. Therefore, as a golden 

mean, we work with the arithmetic average of the realistic (i.e., gray-colored) values in the 

remaining sections of the dissertation. This average is our own estimation of the 1995 1995/K Y  ratio. 

Although we have no methodological argument for relying on the average, the calculated capital-

output ratios are quite reasonable.  

 Finally, in the literature, many scholars apply multi-year averages in the formulae of the 

Harberger, Quasi-Harberger and profit-maximization approaches to avoid the distorting effects of 

business cycles and other minor shocks. However, this practice does not improve the soundness 

of the results in the CEE countries because the results are highly sensitive to the interval of the 

average, especially during the 90s. The underlying reason for this heightened sensitivity is the 

volatile macroeconomy. Therefore, during our calculations, we adopted the formulae at face 

value and neglected this common practice.35 However, as a result, a few extreme values are 

present in table 2.1. 

 
 
 
 

                                                 
35 The only exception was the growth rate of the investments in the Quasi-Harberger Approach, where we adopted 

the 1995-2007 average for gI.  
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2.2.2.3 Depreciation rate 

 

Having estimated the initial capital stock, we must now address the depreciation rate. The 

depreciation rate is actually more important than the initial capital stock because this rate 

determines the weights of the past investments in eq.(2.11). Therefore, the value of δ is crucial to 

determining how long the uncertainty surrounding the estimation of K0 may distort the calculated 

capital stock.    

 The literature usually calibrates the annual depreciation rate to between 3 and 6 percent.36 

However, this rate is not authoritative for the CEE countries. During the transformation and the 

subsequent years, the assets established before 1990 likely depreciated more quickly than the assets 

established already in the frame of the market economy because more of the pre-1990 assets were 

withdrawn from production during this time period. Consequently, the depreciation rate must have 

been higher and more volatile in the CEE countries than in the other countries during the 90s. With 

respect to the new millennium, we must be more cautious because the replacement of old assets has 

been partially completed. Nevertheless, we can assume that until 2007, the depreciation rate in CEE 

countries continued to exceed the 6 percent upper limit of the developed world. Unfortunately, 

more cannot be said because we lack a reliable indicator to approximate δ. The only measure 

available to us is to calibrate it subjectively in accordance with the above. 

In the followings, we assume that the annual depreciation rate was 10 percent in each CEE 

country from 1995 to 2007. This assumption is a reasonable approximation for the average δ 

because its real value was likely higher in the 90s but lower in the new millennium. This 

assumption is also consistent with the depreciation rates found in the related literature.37 

Nevertheless, we must stress that the value of δ is one of the most uncertain and, because of its 

crucial effect on capital stock, most sensitive issues of our accounting decomposition. 

Consequently, a sensitivity analysis with respect to the depreciation rate will necessarily follow 

the accounting results.  

 
 

                                                 
36 For example: Mankiw et al. (1992), Klenow and Rodríguez-Clare (1997): 3 %; Nehru and Dahreshwar (1993): 4%; 

Hall and Jones (1999), Caselli and Tenreyro (2005): 6%. 
37 Doyle et al. (2001), IMF (2003, 2008, 2010), Jongen (2004), Pula (2003), Rööm (2001), Vanags and Bems (2005) 
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2.2.2.4 The evolution of capital stock since 1995 

 

With respect to the initial capital stock (i.e., table 2.1, ‘own estimates’), the depreciation rate 

( 0.1δ = ) and the investments (PWT 6.3), the capital stock was calculated according to eq.(2.11). 

The evolution of the capital stock’s ratio to GDP is depicted in figure 2.3. The exact numerical 

values can be found in table A1. 

 

 

 Figure 2.3 The evolution of capital-output ratio (K/Y) between 1995 and 2007 
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Notes: The calculations are based on eq.(2.11). The capital-output ratio of Germany stems from AMECO. 
 

 

 

2.3 Measuring factor shares  

 

In addition to the factor inputs, the other central issue of accounting decomposition is the 

measurement of factor shares (i.e., the ratio of labor and capital compensation to GDP). Under 

the standard assumption of constant returns to scale (i.e., ' 1L Ks s+ = ), it is enough to quantify 

only the labor share. There are various methods for quantifying Ls . First, one can calibrate the 

labor share to 2/3 in accordance with the conventional wisdom. In developed countries, this 

approach is reasonable because the empirical data highly support the notion that their labor share 

evolves persistently in the range of 0.6 and 0.7. However, for CEE countries, this method is 
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unreliable due to the lower capital-output ratio, which results in a lower marginal productivity of 

labor and, therefore, lower wages and labor share as well. 

 The second possibility is to regress the growth rate of GDP on the growth rates of capital and 

labor input to estimate eq.(2.4). Although directly estimating the Ls and 'Ks  weights or, more 

precisely, their moving averages has crucial advantages, this method is only rarely used because 

of the severe econometric problems accompanied by this process (Barro, 1999).38   

 The third method is to calculate Ls  in accordance with the national accounts. This method 

begins with the compensation of employees relative to the GDP (CE/Y). This ratio must be 

adjusted to consider the incomes of the self-employed as well. Gollin (2002) presented three 

possible adjustments. Of these adjustments, his third adjustment is based on the assumption that 

the average income of a self-employed worker equals the average wage of employees, which 

leads to the following formula:   

 

(2.19) 
L

CE EE
s

Y E
= ÷  ,                             

 

where CE is the compensation of employees, EE is the number of employees, E is employment 

(i.e., employees + self-employed) and Y is the GDP at market prices.39 

In the accounting decomposition we use, the labor shares are calculated according to eq.(2.19). 

The AMECO database contains Gollins’s third adjustment type Ls  for the CEE countries from 

1995. We took the data from this database (see figure 2.4 and table A1). 

 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
38 For an application in the CEE countries, see Iradian (2007). 
39 We stress that calculating Gollin’s third adjustment with GDP at basic prices is incorrect (Gollin, 2002). 
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  Figure 2.4 The evolution of labor share   
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Source: AMECO database (‘adjusted wage share’, ALCD0) 
Notes: Calculated according to Gollin’s third adjustment (2.19). In Romania, the labor share was 0.724 in 2000 
and 0.762 in 2001. For the sake of more transparency, these two data points are omitted. 
 

 

 

2.4 The results of development accounting and growth accounting 

 

We present first the results of growth accounting in accordance with eq.(2.4). Figures 2.5 and 2.6 

decompose the average growth rate of GDP into three contributions: capital, labor and MFP. 

Figure 2.5 investigates the average growth rate from 1996 to 2007 by following the growth 

theory approach of QH. On the contrary, figure 2.6 focuses on the average growth rate from 1999 

to 2007 and has applied both the accounting approach and the growth theory approach of QH. The 

decomposition of the annual GDP growth rates can be found in table A1. 

The most important conclusion we can draw from the growth accounting results is that 

independent of the calculation of QH, capital accumulation has been the primary source of growth 

in CEE countries since the transformation occurred. The only exceptions are Romania and the 

Czech Republic from 1999 to 2007. The growth of MFP placed second, whereas the growth of 

labor input was found to be marginal. The contribution of the latter to average GDP growth is of 

the same magnitude for the two alternative QH except in the case of Lithuania. Consequently, the 

calculations confirm our previous statement (section 2.2.1): the growth accounting results of the 

CEE countries are robust to the chosen efficiency multiplier of labor. 
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Figure 2.5  
The decomposition of the average GDP growth rate (1996-2007), QH: growth theory approach 
 

                  Percentage point contribution                                             Percentage contribution  

2.2 1.8

4.7

2.2

4.2
3.2

2.4
1.6

3.0 2.4

0.2
0.3

0.5

0.4

1.0

0.8

0.9

-0.5 -0.1

0.2
0.1 1.3

1.6

1.2

1.5

2.0

1.3

2.2

1.8
2.0

-1

0

1

2

3

4

5

6

7

BGR CZE EST HUN LVA LTU POL ROM SVK SVN

(%)Contr. of K' Contr. of L ∆lnMFP
 

87

54
69

57 63 53 52 48
64

52

9

8

8
12

15
14 19

-16
-3

3

4

38
23 31 22

33 28 68 38
45

-20

0

20

40

60

80

100

120

BGR CZE EST HUN LVA LTU POL ROM SVK SVN
(%)Contr. of K'/∆lnY Contr. of L/∆lnY ∆lnMFP/∆lnY

 
 
 
Figure 2.6  
The decomposition of the average GDP growth rate (1999-2007): percentage point contribution 
      

                 QH: growth theory approach                               QH: accounting approach 
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Notes to figures 2.5 and 2.6:  
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where 
' 1K Ls s= − . For figure 2.5, 1996λ = , whereas in figure 2.6, 1999λ = . The calculations were performed 

according to eq.(2.4). The results are presented in percentage form (*100). 
 

 

The reasons for the small contribution of labor to economic growth are the slow growth of 

both its quantitative and qualitative factors (table A4). The restrained growth of QH is not 

surprising given the persistence of the education of labor force. However, the slow growth of 

total hours worked and employment are disappointing. During the crisis of transformation 
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employment shrank dramatically in the CEE countries, thus a resurge in jobs was widely 

expected as economic growth set on path from the mid-90s (Antal, 2004). Unfortunately this 

expectation has not been realized yet. The future prospect of labor as a source of economic 

growth depends mainly on the evolution of employment. The latter is determined by the demand 

side of the labor market in the short run, while in the long run the supply side is decisive. As 

regard to the long run perspectives, the continuous fall in population size in many CEE countries 

is worrisome. In chapter 4 we highlight some aspects of this negative population growth 

concerning economic growth.           

 
 

Figure 2.7 The decomposition of ln(GDP/Hours worked) 

                QH : growth theory approach                                       QH : accounting approach 
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ln(Y /H )
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lnMFP
Contr. of MFP=

ln(Y /H )
, where 

K' Ls =1-s . The calculations were performed according to (2.7). The results are presented in percentage form (*100). 

 

 

 

We present the development accounting results first according to eq.(2.7), which explains the 

level of GDP. Because the comparative analyses of the levels will be less suggestive, we depict 
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the relative, percentage contributions of capital intensity (ln(K/H)), labor quality (lnQH) and 

ln(MFP) to ln(Y/H) in figure 2.7. The calculations are performed for 1998 and 2007. The annual 

decomposition can be found in table A1. 

Investigating figure 2.7, we can draw the following conclusions. First, capital is the most important 

production factor in CEE countries. Second, the contribution of capital intensity increased in almost 

every country. Third, there is a significant discrepancy between the calculations performed with the 

individual efficiency multiplier of labor. The contribution of labor quality is much higher whereas the 

contribution of MFP is much lower when we operate with the growth theory approach of QH. 

For the decomposition of relative development, we proceed from eq.(2.5) while adopting 

Germany as the reference country. To eliminate the distorting effect of size differences, we 

investigate the GDP per hours worked instead of GDP. The additive decomposition of eq.(2.5) is 

inadequate in our case. The underlying reason is that the log-differences (ln ln Rx x− ) are only a 

poor approximation for the relative differences (/ 1Rx x − ) due to the substantial differences 

between the related variables of the CEE countries (x) and Germany (xR). Therefore, we perform 

multiplicative decomposition by taking the exponent of eq.(2.5). The results on 1998 and 2007 

are presented in figure 2.8.40 The depicted relative GDP/hours worked equals the product of the 

contribution of relative capital intensity, the contribution of relative labor quality and the 

contribution of relative MFP. 

Based on figure 2.8, we can draw the following inferences that are independent of the method 

of QH. First, the backwardness of CEE countries is remarkable and highly dispersed. 

Nevertheless, the distance from Germany diminishes in every country. Second, the primary 

reason for the lower GDP/hours worked is the lower capital intensity followed by the lower MFP 

at second place. However, concerning the labor quality, the CEE countries are at the same level 

as Germany. Third, there are significant differences between the results of the two alternative QH 

approaches in the majority of cases. 

 
 
 
 
 
 
 
 

                                                 
40 For the other years the results are presented in table A1.  
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Figure 2.8 The multiplicative decomposition of relative GDP/Hours worked 
 

                      QH : growth theory approach                                          QH : accounting approach  
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 , where 

K' Ls =1-s  and G=Germany. The calculations were performed according to a 

converted version of eq.(2.5). At the conversion, we first subtracted ( )Gln H H  from both sides of (2.5), and then 

we took its exponent.  
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To summarize the results, we assert that the primary source of economic growth was capital 

accumulation in the CEE countries from 1996 to 2007, followed by the growth of MFP. Labor 

input only marginally contributed to this growth. These growth accounting results are consistent 

with those of development accounting, according to which remarkable backwardness compared 

with Germany prevails only in capital intensity and MFP. However, we stress that this chapter 

investigates only the direct sources of economic growth and output level. Growth accounting and 

development accounting are simply mechanical decompositions of the growth rate and the level 

of GDP, respectively, and have nothing to say regarding their ultimate sources (Barro and Sala-i-

Martin, 2004; Hsieh and Klenow, 2010). In other words, they provide no information about the 

fundamental causes of the growth and the level of production inputs.  

 

 

2.5 Sensitivity analyses 

 

This chapter performs the sensitivity analyses of the results of growth accounting and 

development accounting, which is necessary for two reasons. First, we based the calculation of 

the factor inputs on some severe restrictions. Second, a new version of the PWT database, PWT 

7.0, has been released since we concluded our empirical research. Consequently we consider 

three sensitivity issues in the following: the sensitivity to the physical capital stock, the 

sensitivity to the labor input and the sensitivity to the data source.   

For the calculation of the physical capital stock in section 2.2.2, we set the depreciation rate to 

10 percent and proceeded from an initial capital-output ratio, which was derived as the average of 

the ratios calculated by the relevant methods. Although we provided some reasoning for these 

choices, their arbitrariness calls for the investigation of the calibration of δ and K1995/Y1995. We 

consider six sensitivity scenarios. The first two scenarios (Sens_1, Sens_2) proceed from the 

baseline initial K/Y (‘own estimation’, table 2.1) and operate with 0.08δ =  and 0.06δ = , 

respectively, when calculating the evolution of the capital stock. The third and fourth scenarios 

(Sens_3, Sens_4) continue to investigate the effect of a lower depreciation rate, but they proceed 

from reestimated initial capital-output ratio. The reestimation of the K1995/Y1995 ratios followed 

the same line as in section 2.2.2.2 assuming that 0.08δ = .41 The fifth and the sixth scenarios 

                                                 
41 The results of the reestimation are provided in table A3.          
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(Sens_5, Sens_6) operate with alternative initial capital-output ratios, more precisely with the 

ratios calculated by the naive approach and by the regression approach II (table 2.1). 

We calculated the growth theory approach of QH in section 2.2.1 according to the quality-adjusted 

years of schooling and according to the rates of returns to education found in Psacharopoulos (1994). 

Consequently, two issues are investigated with respect to the labor input. First, we consider the 

sensitivity to alternative returns to schooling, which are borrowed from Psacharopoulos and Patrinos 

(2004) (Sens_7). These returns are as follows: r=0.117 if 4sy≤ ; r=0.097  if 4 8sy< ≤ ; and 

r=0.075 if 8 sy< .42 Second, we consider the case, when QH is calculated with the basic rates of 

returns but with years of schooling unadjusted to schooling quality (Sens_8).  

The data source is always a relevant sensitivity issue in empirical works. Its special 

importance in our case is because the constant price investment rate (ki) and the GDP per capita 

(rgdpl), which are used to derive the I and the Y variables, are remarkably different in the recently 

released PWT 7.0 from those in the previous version of the Penn World Table (PWT 6.3). More 

precisely, the constant price investment rate is lower whereas the GDP per capita is higher 

systematically for the CEE countries in the investigated period in the PWT 7.0 database. 

 

 

2.5.1 Sensitivity analyses of the results of growth accounting 

 

We used the following approach to present the results of the sensitivity analyses with respect to 

growth accounting. First, we consider only the average growth rate from 1999 to 2007. Second, we 

publicize only the change in the variables in eq.(2.4). Adding these changes to the baseline results 

in section 2.4, one can calculate growth accounting in the individual sensitivity scenarios.43 

Figure 2.9 presents the results of the sensitivity analyses with respect to the calculation of the 

physical capital stock. We depict only the change in the contribution of the physical capital 
                                                 
42 Psacharopoulos and Patrinos (2004) provide an update of the returns to investment in education. According to their 

research, the average coefficient of the years of schooling in the Mincerian regressions changed to 0.117 for the Sub-

Saharan countries, to 0.097 for the World and to 0.075 for the OECD countries, whereas the average years of schooling 

changed to 7.3, 8.3 and 9.0, respectively.  
43 The detailed results of growth accounting in the individual sensitivity scenarios for the whole period under 

investigation are provided upon request. In table A2 we present the recalculated variables (the K/Y ratio and the 

growth theory approach of QH) in the individual sensitivity scenarios.  
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accumulation to the average growth rate because the change in the contribution of the MFP is the 

same but with the opposite sign. As figure 2.9 demonstrates, the contribution of the physical 

capital accumulation to the average growth rate increases significantly in the first four scenarios. 

In the fifth and sixth sensitivity cases, the picture is unclear because we see both negative and 

positive movements, some of which appear to be insignificant. We can conclude that the growth 

accounting results are moderately sensitive to the initial capital per output ratio and very sensitive 

to the assumed depreciation rate.44 However, considering that the sign of ∆(Contr. of K') is positive in 

most cases, the main conclusion of the growth accounting decomposition in section 2.4 continues to 

hold: capital accumulation has been the primary source of growth in CEE countries since transition. 

 

 

   Figure 2.9 Sensitivity to the calculation of the physical capital stock 
(the change in the contribution of physical capital to the average growth rate from 1999 to 
2007: ∆ Contr. of K' )  
 

-0.8

-0.6

-0.4

-0.2

0.0

0.2
0.4

0.6

0.8

1.0

BGR CZE EST HUN LVA LTU POL ROM SVK SVN

p
e

rc
e

n
ta

g
e

 p
o

in
t Sens_1

Sens_2
Sens_3
Sens_4
Sens_5
Sens_6

 

Notes: Sens_1: δ=0.08, K1995/Y1995=own estimation (δ=0.1); Sens_2: δ=0.06, K1995/Y1995=own estimation (δ=0.1);   
Sens_3: δ=0.08, K1995/Y1995=own estimation (δ=0.08); Sens_4: δ=0.06, K1995/Y1995=own estimation (δ=0.08);  
Sens_5: δ=0.1, K1995/Y1995=naive approach (δ=0.1); Sens_6: δ=0.1, K1995/Y1995=regression approach II. (δ=0.1). 

 

 

Figure 2.10 presents the sensitivity to the assumptions used in the calculation of the growth 

theory approach of QH. We depict only the change in the contribution of labor to the average 

growth rate and neglect the change in the contribution of MFP. The reason for the latter is the 

same as in the previous case. According to figure 2.10, we can conclude that the growth 

accounting results are not sensitive to the assumptions utilized in the calculation of the growth 

                                                 
44 One might wonder why the growth accounting results are only moderately sensitive to the initial capital-output 

ratio. The obvious reason is that in most CEE countries, there are not dramatic differences between the naive 

approach, the regression approach II and our estimation with respect to K1995/Y1995 (see table 2.1). 
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theory approach of QH. The change in the contribution of labor to the average growth rate from 

1999 to 2007 is less than 0.05 percentage points in each case.45  

 

 

Figure 2.10 Sensitivity to the calculation of the growth theory approach of QH  
(the change in the contribution of labor to the average growth rate from 1999 to 2007:  
∆ Contr. of L)  
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Notes: Sens_7: QH (Growth Theory Ap.) calculated with alternative rates of returns to schooling. 
Sens_8: QH (Growth Theory Ap.) calculated without adjustment to schooling quality  
 

 
 Figure 2.11 Sensitivity to the data source 

-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

BGR CZE EST HUN LVA LTU POL ROM SVK SVNp
e

rc
e

n
ta

g
e

 p
o

in
t

∆(Contr. of K' )

∆(∆lnMFP)

∆(∆lnY)

  

          Notes: The figure presents the change in the average GDP growth rate from 1999 to 2007 and the change in the  
    contributions of physical capital and MFP, if the investment and GDP series are derived from PWT 7.0.  
 

 

Figure 2.11 presents the sensitivity to the data source. It depicts the change in the average 

GDP growth rate from 1999 to 2007 when switching to the PWT 7.0 database and demonstrates 

                                                 
45 According to the sensitivity analyses, one might consider the adjustment of the years of schooling to the quality of 

the educational system as a marginal issue. However, this is a false perception. In the case of the CEE countries, the 

cognitive index of Hanushek and Woessmann (2009) are narrowly dispersed. For this reason, the adjustment to 

schooling quality proved to be irrelevant. The situation is very different if one investigates a set of countries, which 

emanate from different regions of the world with significantly different educational systems.  
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the change in the contributions of physical capital and MFP. We can conclude that the growth 

accounting results are sensitive to the source of the data. The lower investment rates in PWT 7.0 

result in a 0.4-0.6 percentage point lower contribution of the physical capital accumulation to the 

average growth rate. This finding is counterbalanced by the faster growth of the MFP, which also 

absorbs the increase in the GDP growth rate. If we add these differences to the basic scenario 

(figure 2.6), we find that the growth of the MFP gains momentum spectacularly. However, the 

physical capital accumulation still remains the predominant source of growth in the majority of 

the CEE countries. 

 

 

2.5.2 Sensitivity analyses of the results of development accounting 

 

We took the following approach to present the results of the sensitivity analyses with respect to 

development accounting. First, we consider only the decomposition of the relative development 

as it is of more importance than the decomposition of the level of GDP. Second, we publicize 

only the change of the respective variables in eq.(2.5). Adding these changes to the baseline 

results in section 2.4, one can calculate development accounting in the individual sensitivity 

scenarios. Third, we focus on the year 2007 to spare space.46 

Figures 2.12.1 and 2.12.2 present the results of the sensitivity analyses with respect to the 

calculation of the physical capital stock. Figure 2.12.1 depicts the change in the contribution of 

the relative capital intensity to the relative development of 2007. Figure 2.12.2 does the same but 

for the contribution of the relative MFP. Note that because of the multiplicative decomposition of 

the relative GDP/hour, the change in the two contributions is of the opposite sign but at a 

different magnitude. These figures indicate the tendencies we have already experienced in the 

case of growth accounting. First, the results of development accounting are sensitive to the 

depreciation rate. As the depreciation rate decreases to 8 percent and to 6 percent, the 

accumulation of physical capital gains momentum. Consequently, the capital-output ratio will be 

higher compared to the basic scenario at the end of the investigated period, leading to a decrease 

                                                 
46 The results of development accounting at the individual sensitivity scenarios are provided upon request for the 

whole period under investigation.  
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in distance from Germany in this respect. The significant increase in the contribution of the 

relative capital intensity is counterbalanced by the significant decrease in the relative MFP.  

Second, the results of development accounting are not sensitive to the initial K/Y. The change 

in the contribution of the relative capital intensity remains in the narrow range of 0.01 and -0.01.            

 

 

Sensitivity to the calculation of the physical capital stock  

Figure 2.12.1  
The change in the contribution of relative capital intensity to the relative development in 2007 
(∆Contr. of Rel_K/H) 
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Figure 2.12.2  
The change in the contribution of relative MFP to the relative development in 2007  
(∆Contr. of Rel_MFP)  
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Notes to figures 2.12.1 and 2.12.2: The individual sensitivity cases (Sens_1,…, Sens_6) are identical to those in 
figure 2.9.   
 

 

Figures 2.13.1 and 2.13.2 present the sensitivity to the calculation of the growth theory 

approach of QH. Similarly to the case of growth accounting, the issue of the alternative returns to 

schooling and the issue of the adjustment to schooling quality are investigated. According to 

these figures, we arrive at the conclusion that neither of them significantly influences the result of 

development accounting. 
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  Sensitivity to the calculation of the growth theory approach of QH 

  Figure 2.13.1                                                            Figure 2.13.2 
  The change in the contribution of relative QH          The change in the contribution of relative MFP 
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  Notes: The individual sensitivity cases (Sens_7, Sens_8) are identical to those in figure 2.10. 
 
 
   Figure 2.14 Sensitivity to the data source 
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  Figure 2.14 presents the sensitivity to the data source. The change in the relative GDP/hours, 

in the contribution of the relative capital intensity and in the contribution of the relative MFP are 

calculated according to the PWT 7.0 database. According to the sensitivity analyses of growth 

accounting, we expect the contribution of the relative capital intensity to fall and the contribution 

of the relative MFP to rise. These expectations are confirmed by our findings. Concerning the 

magnitudes, we can conclude that development accounting is sensitive to the data source. 

To summarize, similarly to the case of growth accounting, the results of development 

accounting are sensitive to the calculation of the physical capital stock and to the source of the 

data but are not sensitive to the calculation of the growth theory approach of QH. However, if we 

add the changes depicted in the figures above to the basic scenario in 2007 (figure 2.8), we can 

assess that although the gap between the contribution of relative capital intensity and the 

contribution of relative MFP narrows, the main conclusion still holds: the primary reason for the 
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lower GDP/hours worked in the CEE countries compared to Germany is the lower capital 

intensity followed by the lower MFP in second place. 

 

 

2.6 International databases 

 

We mentioned in the introduction that four databases already exist, which publicize growth 

accounting and/or development accounting for the CEE countries. As we have argued, the 

EUKLEMS and the PLD databases are fully accurate with respect to the applied methodology 

and the data sources. However, they contain results only on the Czech Republic, Hungary and 

Slovenia. Although the LAF and the TED databases present the accounting decomposition for all 

10 CEE countries investigated in the dissertation, they dispose of some shortcomings. This 

section demonstrates the latter and compares our results with those of the international databases. 

The methodology of the LAF database disposes of four major shortcomings.47 First, it 

considers quality improvement only for the case of labor. Second, it calibrates the initial capital-

output ratios of the CEE countries (i.e., K1995/Y1995) to 2 instead of estimating them. Third, it 

operates with 0.05δ =  universally when calculating the physical capital stock by the PIM 

method. Therefore, the LAF neglects the obviously higher depreciation rate of the CEE countries. 

Fourth, it assumes that the labor share is 0.65 for all countries and years.  

Although the TED database takes the directives of the OECD Manual seriously (Chen et al., 

2010), three shortcomings related to the data arise here as well. First, the labor shares are 

significantly biased upward. They are calculated according to Gollin’s third adjustment. The 

problem is that the labor compensation is divided by the GDP at basic prices, instead of the GDP 

at market prices, which is incorrect (Gollin, 2002). As GDP at basic prices is less than GDP at 

market prices, the calculated labor shares are higher.48 Second, the contribution of labor, more 

precisely the contribution of labor composition (ln ln( / )H
t j jt tj

Q v H H∆ = ∆∑ ), is based on statistical 

                                                 
47 For a detailed discussion of the methodology of the LAF database, see Mourre (2009). 
48 For example, in the case of the CEE countries, the labor shares in the TED database are 5-15 percentage points 

higher than the labor shares in the AMECO database between 1995 and 2007.  
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estimations instead of observations in many countries.49 Third, similarly to the LAF, the TED 

also assumes universal, constant depreciation rates for the countries involved in the database, 

neglecting the related specialties of the post-communist countries.  

The major shortcoming of our methodology is that we neglect the compositional change in the 

physical capital stock. However, we present a thorough estimation of the initial capital-output 

ratio, we consider the higher depreciation rate of the CEE countries and we operate with real 

labor shares, which are significantly lower in the CEE countries than the conventionally assumed 

2/3. Consequently, our results on the growth accounting and development accounting of the CEE 

countries are methodologically better established than those of the LAF database. Considering 

the TED database, the situation is not unambiguous. On the one hand, the TED is 

methodologically better grounded than our paper, primarily because it considers the 

compositional change of the physical capital stock. On the other hand, the discussed 

shortcomings of the TED are not present in our case.  

Figures 2.15 and 2.16 present the difference between our results and those of the TED and 

LAF databases with respect to the growth accounting of the average growth rate from 1999 to 

2007.50 Concerning the general tendencies present in both cases, we can assess the following. 

First, there is not a substantial difference in the contribution of labor. One obvious reason for the 

latter is that the contribution of labor is low (i.e., <1 percentage point) in each case. Second, the 

contribution of physical capital is (often significantly) higher according to our results. For figure 

2.15, one reason can be that the TED operates with higher labor shares and thus with lower 

capital shares than our paper. For figure 2.16, one reason can be that the LAF calibrates the initial 

K1995/Y1995 ratio of the CEE countries too highly compared to our estimates. Consequently, the 

pace of physical capital accumulation may be lower in the LAF despite the very low depreciation 

rate. Counterbalancing the higher contribution of capital, the change in MFP is lower in our paper.      

 

                                                 
49 For the countries that are not present in the EUKLEMS, there are no data on the share of labor hours (Hj/H) and on 

the share of labor compensation (vj) by the individual labor categories (j). Consequently, the TED estimates them. 

The share of hours worked by labor skill type is derived by the projection on the combined dataset of the educational 

attainment of the working age population. The share of labor compensation by skill type is calculated according to 

the wage ratios of the EUKLEMS countries. The calculation of ln HQ∆  is based on these estimations for Bulgaria, 

Estonia, Latvia, Lithuania and Romania from the CEE countries.      
50 Note that due to the different data sources, there is some discrepancy in the average growth rates as well. 
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Figure 2.15 The discrepancy of the growth accounting results from those in the TED database 
      (growth accounting of the average growth rate from 1999 to 2007)  
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Figure 2.16 The discrepancy of the growth accounting results from those in the LAF database 
      (growth accounting of the average growth rate from 1999 to 2007)  
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Figure 2.17 The discrepancy of the growth accounting results from those in the EUKLEMS database 
      (growth accounting of the average growth rate from 1999 to 2007)  
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Notes to figures 2.15, 2.16 and 2.17: The individual figures present the difference between the values in this paper 
and the values in the respective database (i.e., TED, LAF, EUKLEMS) with respect to the average growth rate from 
1999 to 2007 and to the contribution of physical capital, labor and MFP. 
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Finally, we compare our results on the Czech Republic, Hungary and Slovenia with those in 

the EUKLEMS. According to figure 2.17, the two decompositions are roughly similar in the case 

of the Czech Republic and Slovenia. The higher growth rate of the MFP in our paper is, to a great 

extent, the result of the higher growth rate of the GDP in these two countries. On the contrary, 

Hungary is an outlier, with very different contributions to the average growth rate compared to 

the EUKLEMS.      

 

 

2.7 Summary of the chapter 

 

This chapter performed the growth accounting and the development accounting of the 10 Central 

Eastern European countries from 1995 to 2007. The chapter added value from both an empirical 

and a methodological standpoint. Concerning the latter, we contributed to the literature by 

providing a thorough discussion of the possible techniques of the initial capital stock estimation. 

The estimation of the initial capital stock becomes crucial in post-communist countries both 

because of the lack of reliable data on investments before the transition and because of the loose 

assumptions on the one-off drop in the physical capital stock during the transformation. The latter 

imply that the standard perpetual inventory method can be applied only by the mid-1990s 

resulting in a physical capital stock that is sensitive to the initial capital stock.  

Regarding the empirical contribution, we demonstrated that although there are already two 

databases that present growth accounting and/or development accounting for each CEE country, 

they dispose of some shortcomings that are not present in our case. Consequently, the results 

published in this chapter are real contribution to the empirics of the post-transition growth of 

these economies.     

The CEE countries underwent rapid growth since the crisis of transformation ended in the 

mid-1990s. Their average annual growth rates were in the range of 3 to 7 percentage points 

between 1996 and 2007. We obtain even higher rates (4-7 p.p.) if we consider the period from 

1999 to 2007. According to our growth accounting results, the primary source of this rapid 

growth was the accumulation of physical capital followed by the growth of multifactor 

productivity. Labor contributed only marginally. These growth accounting results are consistent 

with those of development accounting, according to which remarkable backwardness compared 
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with Germany prevails only in capital intensity and MFP. The concrete contribution of the 

individual production factors to the growth rate and to the relative development are sensitive to 

the data source and to the assumptions utilized in our calculation of the physical capital stock. 

However, the aforementioned conclusions concerning the sources of growth in the CEE countries 

and the sources of their backwardness compared with Germany hold in each sensitivity scenario 

investigated in this chapter.        
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3. Neoclassical convergence in the Central Eastern European 

countries * 

   

This chapter investigates the neoclassical conditional convergence with panel methods in the 10 

Central Eastern European countries. The primary objective is to analyze quantitatively the speed 

of convergence resulting from the diminishing returns to the accumulation of physical capital. In 

doing so, we try to take Robert M. Solow seriously. Specifically, we address three 

methodological issues, one theoretical and two empirical, that arise because of the characteristics 

of the CEE economies. These characteristics are as follows: 1. being far below the balanced 

growth path (BGP); 2. experiencing conditional convergence not only in the physical capital 

stock but also in many other state (e.g., technology) and control variables (e.g., saving rate) as 

well; 3. macroeconomic volatility.51 In fact, almost every catching-up country matches these 

points. Therefore, the methodological issues discussed below are relevant not only to the CEE 

context but also to a more general context.      

To analyze transitional dynamics, it is common to linearize the economy’s equations of 

motion around the steady state (see, e.g., Barro and Sala-i-Martin, 2004; Eicher and Turnovsky, 

2001). Although this technique is practical when the fundamental variables evolve according to 

(a system of) non-linear differential equations, we can apply it without doubt only if the 

underlying economy is close to its balanced growth path. Because this condition is not met for 

CEE countries, the theoretical issue we must address is the behavior of a Solow-like economy far 

below the BGP. This topic was already analyzed comprehensively in Temple and Mathunjwa 

(2006). We pay special attention to it solely to introduce the novel concept of the average speed 

                                                 
*  This chapter is based on Dedák-Dombi (2009, 2012). 
51 The first characteristic is quite obvious: the four decades spent as centrally planned economies can be regarded as 

a protracted negative shock, which heavily diverted these countries from their long-term GDP trend (see, e.g., 

Tarján, 1993). Therefore, it is natural that, following their immediate collapse in the early nineties, they have entered 

the phase of conditional convergence. The second characteristic is also evident if we have accepted the first and if we 

consider the system approach to conditional convergence (see below). The third characteristic is relevant especially for 

the nineties and is mainly the result of the transition (see, e.g., Campos and Coricelli, 2002; Kornai, 2006; Antal, 2004). 
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of convergence. The average speed of convergence represents the real connection between theory 

and empirical findings.   

The first empirical issue concerns the treatment of the technology level in the regression used 

to estimate the speed of convergence. Since the seminal paper of Mankiw et al. (1992), the 

dominant approach has been to regard the technology level as an unmeasured production factor 

that differs between countries only in its initial value but has the same growth rate. The result is a 

dynamic model with fixed effects, which induces severe econometric problems. It is no surprise 

that this thread of the literature has been concerned solely with estimation issues. The most 

prominent papers are Bond at al. (2001), Caselli et al. (1996), Hauk and Wacziarg (2009) and 

Islam (1995). However, the common cross-country rate of technological progress is a false 

concept both because of stochastic country-specific shocks and technological catch up in such 

lagging economies as the CEE countries. Contrary to the mainstream convergence literature, 

McQuinn and Whelan (2007) build on the dynamics of the capital-output ratio and present an 

estimation framework that does not necessitate the specification of technology development. We 

follow a third approach to addressing the problem by trying to measure the unobservable. We 

substitute the level of technology in the convergence regression with the multifactor productivity 

(MFP) calculated by the method of development accounting. It will be proven that after minor 

transformation, our approach results in a structural regression equation identical to that of 

McQuinn and Whelan. 

The second empirical issue we address is the proper proxy for the unobservable steady-state 

output per effective labor, a necessary variable in any regression aimed to estimate the speed of 

conditional convergence. Although we do have a closed formula for the steady-state output per 

effective labor based on the neoclassical theory of growth (see, e.g., Mankiw et al., 1992), it does 

not resolve the problem of measurement because we must work with the BGP values of the 

involved variables, which are also unobservable, to be theoretically accurate. The standard 

practice in the panel literature is to aim for a moving target, that is, to use the observed values 

averaged over the sub-periods as proxies for the BGP values (see e.g., Caselli et al., 1996; Islam, 

1995). We break with this moving target approach and apply the non-moving target approach of 

the traditional cross-sectional literature (e.g., Mankiw et al., 1992). More precisely, we substitute 

the averages over the whole period under consideration into the neoclassical steady-state formula. 

We will demonstrate that it is impossible to prefer either concept per se. However, according to 
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the statistical tests, the non-moving target approach fits the volatile macroeconomic conditions of 

Central Eastern Europe not only well but much better than the moving target approach.  

There is a vast literature on studying the real convergence of the CEE countries in the post-

communist period. We will mention only a few examples here. Kutan and Yigit (2004) apply a 

time series approach based on panel unit-root tests. Rapacki-Próchniak (2009), and Matkowski-

Próchniak (2007) consider sigma and unconditional beta convergence. Szeles-Marinescu (2010) 

and Borys et al. (2008) investigate conditional beta convergence with typical unstructured Barro 

(1991) regressions using the most common panel methods. Cavenaile and Dubios (2011) estimate 

structured beta regression based on the classical Solow model with a fixed effects panel 

technique. Conditional convergence according to the Solow model augmented with human 

capital is tested in Campos (2001) with a cross-sectional OLS technique and in Dedák-Dombi 

(2009) with a fixed effects panel technique. Polanec (2004) investigates conditional convergence 

by applying a hybrid approach of neoclassical and endogenous growth theory. Artelaris et al. 

(2010) discuss the evidence on convergence clubs from a regional point of view. Even this short 

list proves that the CEE convergence studies are as heterogeneous as the underlying convergence 

literature itself with regard to the applied economic concept of convergence and the econometric 

methodology.52 Indeed, it is difficult to find any crucial topic in the baseline convergence 

literature with no application in the CEE context. However, we believe that our empirical results 

contribute significantly to the CEE convergence literature because, to our knowledge, no one has 

investigated the neoclassical convergence as rigorously as we do. This chapter thus adds value 

from both an empirical and a methodological standpoint.  

 The remainder of the chapter is organized as follows. Section 3.1 discusses the system 

approach of conditional convergence and highlights the importance of considering it in empirical 

study. Section 3.2 addresses the neoclassical approach of conditional convergence. It reviews the 

real speed of convergence and introduces the concept of the average speed of convergence. A 

quantitative analysis of the possible range of the average speed of classical convergence in the 

CEE countries closes this theoretical portion. Section 3.3 discusses the methodological issues of 

the estimation. The two crucial empirical topics, that is, the treatment of the technology level in 

the regression and the proper proxy for the unobservable steady-state output per effective labor, 

                                                 
52 For a review of the methodological diversity of the convergence literature, see Islam (2003) and Durlauf et al. (2005).  
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are addressed here. Section 3.4 presents the results of the pooled OLS estimations, the sensitivity 

analysis and the related Monte Carlo simulations. Section 3.5 concludes the chapter.  

 

 

3.1 Conditional convergence: the system approach  

 

Transitional dynamics is a highly emphasized component of every growth model. By 

construction, these models build on assumptions and preconditions, which often present severe 

limitations. Therefore, the incorporated dynamics is also just a partial reflection of the real 

movements in the economy. In reality, the evolution of the economy can be described by the 

following general dynamic system:   

 

(3.1)  1( ,..., )nY F X X= ,  1 1( ,..., , ,..., )l l n mX G X X C C=ɺ ,  1 1( ,..., , ,..., )j j n mC H X X C C=ɺ   

 

where { }1,2,...,l n∈ , { }1,2,...,j m∈  and the dot indicate differentiation over time. According to 

eq.(3.1), the final output (Y) results from a number of input factors (Xl).  The transitional 

dynamics are determined by the system of differential equations governing the evolution of the 

state variables (Xl) and the control variables (Cj). Consequently, conditional convergence requires 

a system approach, according to which output per capita converges to its BGP as a result of the 

system’s convergence (Steger, 2007).       

Growth models differ mainly in the particular state- and control variables they consider and in 

the exact formulation of the equations of motion used. At first, Solow (1956) worked only with 

one endogenous state variable, namely with physical capital. Regarding the saving rate as an 

endogenous control variable certainly increases the dimensionality of the trajectory for the 

economy, but the Solow model remains a one-sector model. A substantial step toward the system 

approach was the appearance of two-sector models in the seminal papers of Romer (1990), Lucas 

(1988) and Uzawa (1965). These models introduced either endogenous technology or 

endogenous human capital as an additional state-variable. Naturally, a rich literature followed in 

their wake, focusing on the transitional dynamics of two-sector growth models (e.g., Eicher and 

Turnovsky, 2001; Ortigueira and Santos, 1997). We find that the theory has tried to catch up with 
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the system approach, although there are natural computational limits to increasing the 

dimensionality of the stable manifold.  

On the contrary, the empirics of conditional convergence “has lost its way” as Bernard and 

Jones (1996) have declared. In its endeavor to measure the rate of convergence, it has been stuck 

on estimation issues before correctly specifying the regression itself. Most related studies derive 

the regression equation according to the neoclassical theory of growth and thus preclude 

technology catch-up, despite its being an essential factor of economic growth (Dowrick-Nguyen, 

1989). The usual result is a dynamic model of output per capita with fixed effects and Solow-like 

control variables. As McQuinn and Whelan (2007) noted, these models do not examine the 

convergence dynamics in terms of output per capita. Because of the false specification of 

technology, one may wonder whether they are useful to examine convergence dynamics in any 

terms at all.  

The empirical study of conditional convergence “has lost its way” because it focused too much 

on the neoclassical approach of economic growth and neglected the system approach (eq.(3.1)). 

This is a serious mistake because the data used in empirical works are not truly relevant for the 

underlying models. The evident conclusion is that every empirical study must work either with 

filtered data, which contain only the mechanisms of the model under investigation, or with 

regressions, which are more in line with the system approach. Naturally, both strategies are too 

ambitious. It is no surprise that few attempts to employ these strategies exist. Dowrick and 

Rogers (2002) and De la Fuente (2002) followed the second strategy and tried to consider 

technology catch-up in their regressions on output per capita growth. We choose the alternative 

strategy and attempt to clear the GDP per capita series from the effect of technology catch-up and 

human capital accumulation.   

 

 

3.2 Conditional convergence: the neoclassical approach  

 

This section briefly discusses the real speed of convergence in the classical Solow model with an 

exogenous saving rate and proceeds to introduce the concept of the average speed of 

convergence. As the textbook Solow model is well known, we sketch it only to the necessary 

extent. For further discussion, see Barro and Sala-i-Martin (2004).  
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The production function in eq.(3.1) takes the following Cobb-Douglas form53: 

 

(3.2)  αα −= 1)(ALKY ,   

 

where K is physical capital, A is technology, L is labor and 0 1α< < . Labor and technology grow 

at constant rates; therefore, 0
gt

tA A e=  and 0
nt

tL L e= . Capital accumulates according to 

K sY Kδ= −ɺ , where s is the saving rate and δ is the depreciation rate. Converting the model into 

stationary variables, we arrive at the intensive production function:  

 

(3.3)  ˆ ˆŷ=f(k)=kα , where ˆ /y Y AL=  and ˆ /k K AL= .  

 

The dynamics of the model are linked exclusively to the equation of motion for ̂k : 

 

(3.4)  ˆ ˆ ˆ( )k sk n g kα δ= − + +ɺ
.     

 

The steady-state output per effective labor is as follows:  

 

(3.5)  
1

ˆ
s

y
n g

α
α

δ
−

∗  
=  + + 

,  where the asterisk denotes the steady-state value. 

 

It is a common practice to log-linearize eq.(3.4) around the steady-state, to arrive at the notorious 

formula of the speed of convergence (λ) near the BGP: 

  

(3.6)  (1 )( )n gλ α δ= − + + .  

 

However, the real speed of convergence can differ significantly from eq.(3.6) if the economy is 

far from its BGP. Temple and Mathunjwa (2006) derive the correct formula for the speed of 

convergence:     

                                                 
53 We neglect the t time-indexes when no confusion emerges. 
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(3.7) 

1 1
1 1*

/

* * *

ˆ / ˆ ˆ( ) ( ) 1 ( ) 1
ˆ ˆln /

ˆ ˆ ˆ ˆ ˆ ˆln ln ln ln ln( / ) ln

t
t t

t t
t

t t t t

dy dt n g y y n g
d y dt y

y y y y y y

α αα δ α δ
λ

− −   
− + + − − + + ϒ −   

   = − = − = =
− − ϒ

, 

 

where t tˆ ˆ = y /y∗ϒ  is the relative income position. They proceed from the definition of the speed 

of convergence (first equation). Substituting for ˆ /tdy dt in the third equation according to 

equations (3.3), (3.4) and (3.5) yields the final expression.54 The most important conclusion from 

eq.(3.7) is that the speed of convergence depends on the relative income position of the economy 

and thus is not a constant, as the result of the log-linearization (eq.(3.6)) may suggest. The 

relationship is negative between tλ  and tϒ  because / 0t td dλ ϒ < .55 This means that the speed of 

convergence decreases as the economy approaches its BGP. Furthermore, it can be proven that in 

the limit ( 1tϒ → ), the instantaneous rate of convergence equals (1 )( )n gα δ− + + . For more on 

these analytical issues, see Temple and Mathunjwa (2006).  

We have two reasons to emphasize the difference between the real and the approximated rate 

of convergence. First, the values calculated according to eq.(3.7) are significantly higher than that 

calculated according to eq.(3.6) if we are far from the BGP (see Temple and Mathunjwa, 2006). 

Second, if the real speed of convergence is not a constant, then the lambda calculated according 

to the beta regression (see below) is not the instant but the average rate of convergence. In the 

remainder of this section, we introduce the average speed of convergence. 

The speed at which a stationary ˆln ty  variable converges to its BGP value (̂ln y∗ ) is by 

definition ˆ ˆ ˆ( ln / ) / (ln ln )t t td y dt y yλ ∗= − − . This formula is a first-order differential equation in ˆln ty  

with a varying coefficient, and its solution is as follows56: 

   

 

 

 

                                                 
54 Temple and Mathunjwa (2006) actually provide four different definitions on the speed of convergence. They 

derive the instantaneous speed of convergence according to all of them. Equation (3.7) is one of the four derivations. 
55 The proof is presented in appendix 2. 
56 The derivation of eq.(3.8)-(3.9) is presented in appendix 3. 
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(3.8)  0ˆ ˆ ˆln ln (1 ) lnty y yβ β ∗= + − ,  where e ξβ −=  and 

(3.9)  0

0

= = =
∫

∫

t

t d

d t t
t

τ

τ

λ τ
ξ λ τ λ  . 

 

Adding an error term to eq.(3.8), we arrive at the beta regression, with which one usually 

estimates the speed of convergence. The calculation runs indirectly, based on ( ln / )tβ− . The 

interpretation of the result remains an open question whose solution lies in eq.(3.9). If the speed 

of convergence is a constant, that is, τλ λ= , then ( ln / )tβ−  equals the constant, instantaneous 

speed of convergence. On the contrary, if the speed of convergence is not a constant, then 

( ln / )tβ−  equals the average speed of convergence over the [0,t] period. The related empirical 

works arrive at eq.(3.8) exclusively by the log-linear approximation of the Solow model around 

the steady-state. Therefore, in their interpretation, ( ln / )tβ−  is the constant, instantaneous speed 

of convergence in accordance with eq.(3.6) (see, e.g., Caselli et al., 1996; Hauk and Wacziarg, 

2009; Islam, 1995; Mankiw et al., 1992). However, the speed at which an economy converges to 

its BGP varies over time and across economies under both the neoclassical model (eq.(3.7)) and 

endogenous models (see, e.g., Eicher and Turnovsky, 2001; Steger, 2007). Therefore, what we 

calculate from the beta regression is not the instant but the average speed of convergence. 

The formula for the speed of convergence averaged over the period [0,t] can be derived easily 

by substituting the expression for the instant speed of convergence into eq.(3.9):  

 

(3.10)  

t
t

t 00 0

ŷˆ ˆd(ln y ln y ) / d ln lnd
ŷˆ ˆ ln ln ln lnln y ln y

t t t

∗
ττ
∗∗−

τ

 − τ τ   ϒ − ϒ−  λ = − = − = −
∫

 .                  

 

Note that eq.(3.10) is a general expression, which is not model specific. The underlying growth 

model enters the formula only through the assumed evolution of the relative income position. In 
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the neoclassical case, the calculation of tϒ  runs as follows. The time path of the output per 

effective labor results in the solution of eq.(3.4), taking into consideration that ˆŷ=kα :57  

 

(3.11)  ( )( ) ( )( )
1 1

1 n 1 n
0ˆ ˆ(1 )t g t g

t

s
y e y e

n g

α
α α

α δ α δα

δ

− −
− − + + − − + + 

= − + + + 
   .                                                 

 

According to equations (3.5) and (3.11), the time path of the relative income position is as follows:  

  

(3.12)  ( )( ) ( )( )
1 1

1 n 1 n
0*

ˆ
(1 )

ˆ
t g t gt

t

y
e e

y

α
α α

α δ α δα
− −

− − + + − − + + 
ϒ = = − + ϒ 

 
 . 

 

We now are able to calculate the average speed of convergence in terms of the Solow model. We 

only have to calibrate the parameters in eq.(3.12).  

In table 3.1, we present calculations of the average speed of the neoclassical convergence at 

different parameter values considered to be reasonable for the CEE economies. We set t=12 in 

accordance with the period investigated in this paper. The share of physical capital (α) is 

calibrated to 0.425, 0.45 and 0.475. This magnitude is in line with the regression results (see 

below) and with the statistics on the CEE economies (see, figure 2.4). The value of ( )n g δ+ +  is 

set to 0.07, 0.08, 0.09 and 0.1, which corresponds to the benchmark values of n (0-0.01), g (0.02) 

and δ (0.05-0.07). The initial relative income position is set between 0.3 and 0.7.  

The relationship of the average speed of convergence with the individual parameters is the 

same as in the case of the instantaneous speed of convergence. More precisely, the average speed 

of convergence also increases as the initial relative income position decreases and as the 

diminishing returns to the accumulation of physical capital realize more quickly, that is, as the 

physical capital share decreases and (n+g+δ) increases. This is clearly manifested in table 3.1. It 

must be noted that the average speed of convergence is in a negative relationship with the length 

of the time period under investigation (t). The latter can be proven without any analytical 

derivation. Every moment, the economy moves closer to its BGP. Therefore, as time goes on, the 

                                                 
57 For a detailed derivation of eq.(3.11), see Barro and Sala-i-Martin (1995, pp. 53.). 
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initial relative income position increases, which leads the instantaneous speed of convergence to 

decrease. Therefore, a longer period over which lambda is averaged leads to a smaller average 

lambda.       

 

 

Table 3.1 The average speed of the neoclassical convergence  
 

t=12 
α 0.425 0.45 0.475 

n+g+δ 0.07 0.08 0.09 0.1 0.07 0.08 0.09 0.1 0.07 0.08 0.09 0.1 

ϒ0 

0.3 0.072 0.080 0.088 0.096 0.066 0.074 0.081 0.089 0.061 0.068 0.075 0.082 
0.4 0.064 0.071 0.079 0.086 0.059 0.066 0.073 0.080 0.054 0.061 0.068 0.075 
0.5 0.057 0.065 0.072 0.079 0.053 0.060 0.067 0.074 0.050 0.056 0.063 0.069 
0.6 0.053 0.059 0.066 0.073 0.049 0.056 0.062 0.068 0.046 0.052 0.058 0.064 
0.7 0.049 0.055 0.062 0.068 0.046 0.052 0.058 0.064 0.043 0.049 0.055 0.061 

 
Note: Own calculations according to equations (3.10) and (3.12). 
 

 

 Assuming that the parameter calibration in table 3.1 delineates a reasonable range for ϒ0, α 

and (n+g+δ) for the CEE economies, we can conclude that the average speed of the neoclassical 

converge was between 4.3 and 9.6 percent in these countries over the time period of 1995 to 

2007. This range is far too wide. In what follows, we attempt to reach a more precise range by 

estimating the beta regression on the panel of the CEE countries. We begin with some 

methodological issues.      

 

 

3.3 Methodology 

  

The beta regression is used in the empirical literature to estimate the speed of conditional 

convergence. As we have already noted, this regression is provided simply by the solution for the 

first-order differential equation defining the speed of convergence. That is, one estimates eq.(3.8) 

added up by an error term. There are at least three critical elements of the estimation. First, we 

must determine whether to consider other types of capital besides physical capital and, if we do, 

the manner in which we incorporate them into the production function. Second, the measurement 

of the output per effective labor is problematic because the technology level is unobservable. 
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Third, the steady-state output per effective labor is also unobservable. In the following, we 

investigate each issue.   

 

 

3.3.1 Incorporating other types of capital 

 

Most of the convergence literature incorporates only human capital (h) in addition to physical 

capital into the production function. We follow this tradition. The individual papers introduce h 

into eq.(3.2) either following Mankiw et al. (1992) or Hall and Jones (1999). Mankiw et al. 

(1992) consider h as a separate capital good. More precisely, they consider K in eq.(3.2) as a 

broad concept of capital, which is a weighted product of human capital and physical capital. 

Furthermore, in their view, human capital accumulates in the same way as physical capital, that 

is, according to the difference between investment and depreciation. It is obvious that the 

interpretation of Mankiw et al. emphasizes the capital nature of human capital. On the contrary, 

the method of Hall and Jones (1999) emphasizes the human nature of human capital. They 

consider L in eq.(3.2) as a broad construct of labor, which is the product of the quantity of labor 

(H) (number of hours worked) and the quality of labor, that is, human capital: L hH= .  Human 

capital depends on years of education and not on accumulated investments and depreciation. 

According to the above, it is obvious that the two approaches interpret human capital at different 

levels of aggregation. In Mankiw et al. (1992), h is an aggregate variable for the whole labor 

force, while in Hall and Jones (1999), it refers only to the average member of the labor force.   

We follow the approach of Hall and Jones because it is more in line with the economic 

concept of human capital. This type of inclusion of human capital does not alter the theoretical 

results in section 3.2, both the equations and the numerical results on the neoclassical 

convergence speed remain the same. The only difference is that now we work with a broad 

concept of labor. 
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3.3.2 Measuring the output per effective labor: the technology issue    

 

The difficulties of measuring the output per effective labor emanate mainly from the 

unobservability of the technology level. Most of the related literature has tried to manage this 

problem by accepting the neoclassical concept of technology, according to which ,i tA  differs only 

in its initial value but has the same growth rate across countries and over time. This means that 

the log value of ,i tA  is simply the sum of a country-specific constant and a common linear trend, 

that is, , ,0ln lni t iA A gt= + . Substituting the latter for ,ln i tA  in eq.(3.8) yields the workhorse 

equation of the empirical convergence literature:  

 

(3.13)  , ,0 ˆln ln (1 ) lni t i i iy y yµ γ β β ∗= + + + −  ,  

 

where , , ,/i t i t i ty Y L= , ,0(1 ) lni iAµ β= − , gtγ =  and i is the country index. One usually substitutes 

eq.(3.5) for ̂ iy∗ .  

Mankiw et al. (1992) were the first who estimated eq.(3.13) as a structured beta regression.58 

They worked with cross-sectional data, which induced that the unobserved country-specific fixed 

effects (µi) were neglected from the regression. Islam (1995) highlighted that the estimation 

results of Mankiw et al. were biased because the omitted log initial efficiency (lnAi,0) correlated 

with the initial output per capita and the control variables used for ̂ iy∗ . He proposed a panel 

approach to allow for fixed effects. Specifically, Islam estimated eq.(3.13) with the Minimum 

Distance method proposed by Chamberlain (1982) and the LSDV method. However, Islam’s 

results are also biased. First, it is well known that the LSDV estimation of dynamic panel models 

suffers from serious biases in short panels (Nickell, 1981). Second, the strict exogeneity of the 

regressors required by the Chamberlain method is certainly unfulfilled in the beta regressions.   

                                                 
58 The history of the beta regressions goes somewhat further back. Baumol (1986) and Barro and Sala-i-Martin (1992) 

estimated unconditional and unstructured conditional beta regressions; that is, they either neglected the steady-state 

output per effective labor from the regression or substituted arbitrary control variables in place of it.  
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After Islam, the literature has deviated desperately to estimation issues of the dynamic panel 

model in eq.(3.13).59 Three general econometric difficulties emerge: 1. the presence of unobserved 

fixed effects, 2. the endogeneity of the control variables for ˆiy∗  and 3. measurement errors. All of 

these difficulties are potential sources of biased estimation. Caselli et al. (1996) use the first-

differenced GMM method of Arellano and Bond (1991), arguing that this method can avoid all the 

three sources of bias provided that the measurement error is uncorrelated. Bond et al. (2001) 

criticize the first-differenced GMM method because of the weak instrument problem present in the 

case of the beta regression. This weak instrument problem implies severe bias in finite samples, the 

authors thus propose the system GMM method of Blundell and Bond (1998). However, the system 

GMM estimation can also be biased if the required initial conditions are not met.  

As we see, every approach used in the literature suffers from one or more sources of bias. It is 

impossible to calculate the magnitude of these biases analytically; consequently, there is no 

clearly preferred method from the point of view of econometric theory (Hauk and Wacziarg, 

2009). This was the main inspiration of the Monte Carlo study of Hauk and Wacziarg (2009). 

Their conclusion is that the least biased panel estimator is the between estimator.  

The biggest problem with the mainstream empirical literature is that it neglects the system 

approach to economic growth, which is unequivocally manifested in its interpretation of the 

technology progress. The neoclassical concept of technology development contradicts the 

empirics of technology catch-up (e.g., De la Fuente, 2002) and country-specific stochastic shocks 

to technology (e.g., McQuinn and Whelan, 2007). Therefore, the standard output per labor 

regression (eq.(3.13)) is certainly misspecified. McQuinn and Whelan (2007) note that the 

misspecification of the technology development is a further source of biased estimation not 

previously documented in the literature. As a solution to the problem, they propose an alternative 

approach to derive a regression equation for the neoclassical converge speed in which there is no 

need to specify the mysterious process of technology development.  

Assuming a Cobb-Douglas production function similar to in eq.(3.2), McQuinn and Whelan 

proceed from the well-known but ignored decomposition of output per labor into the level of 

technical efficiency and the capital-output ratio: (1 )/ ( / )Y L A K Yα α−= . In the Solow model, the 

                                                 
59 Note that the notations in eq.(3.13) change for panel data as follows: , , ˆln ln (1 )lni t i t i t iy y yτµ γ β β ∗

−= + + + − , 

where τ equals the length of the time periods and ( )t gt g tγ β τ= − − .    
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technology development is exogenous; consequently, the endogenous dynamics of Y/L are related 

exclusively to the dynamics of K/Y. This leads McQuinn and Whelan to estimate the neoclassical 

speed of convergence of the output per labor by means of the capital-output ratio. The dynamics 

of the log capital-output ratio (eq.(A4.4)) imply the following estimating equation:           

 

(3.14)  0ln ln (1 ) lntX X Xβ β ∗= + −  ,  where /X K Y= . 

 

The beta parameters in eq.(3.14) and eq.(3.8) are the same (see appendix 4). Consequently, it is 

possible to estimate the neoclassical speed of convergence according to eq.(3.14). 

 The method of McQuinn and Whelan has several advantages over the standard output per 

labor regression. First, there are no fixed effects. Second, we do not have to specify the process of 

technology development. Third, the regression is less plagued by the endogeneity of the 

regressors (see McQuinn and Whelan, 2007). This means that, except for the measurement error, 

all sources of bias present in the output per labor regression are eliminated. This leads the OLS 

results of McQuinn and Whelan to be more reliable than those of any other previous studies. The 

only deficiency of this approach compared with the output per labor regression is that we cannot 

estimate the capital share. The reason for this is that, contrary to ̂y∗ , the steady-state expression 

for the capital-output ratio does not contain alpha (eq.(A4.2)).  

 Our value added to the technology issue is the introduction of a third method, which integrates 

the advantages of the output per labor regression with those of the capital per output regression. 

We call our method the ‘output per effective labor regression’. The underlying idea of this 

approach is to attempt to measure the unobservable technology level with a proxy variable and 

thus to estimate eq.(3.8) directly. The most obvious proxy for the technology level is multifactor 

productivity, which can be calculated with the standard tools of development accounting. 

Neglecting the elaborate measurement issues related to the factor shares and inputs (see, section 

2.2 and 2.3), MFP is simply the residuum of output after controlling for the contribution of labor 

and capital. Proceeding from eq.(3.2), we can calculate the logarithm of MFP as follows:  

 

(3.15)  ln ln ln (1 ) ln (1 ) lnMFP Y K L Aα α α= − − − = − . 
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According to the second equation in eq.(3.15), we must divide the lnMFP with the labor share to 

arrive at the log level of technology. Substituting ln / (1 )MFP α−  in the place of lnA, we can 

calculate the log output per effective labor, removing all impediments to the direct estimation of 

eq.(3.8).  

 Our method disposes of all but one of the advantages of the capital per output regression. First, it 

avoids the problem of fixed effects. Second, it removes the need to specify the process of 

technological development. Consequently, two sources of bias remain in the output per effective 

labor regression: the endogeneity of the regressors and the measurement error. However, as we will 

see, the endogeneity issue can be mitigated significantly by the manner in which we proxy for ŷ∗ . 

Our method also disposes of the single advantage of the output per labor regression and allows for 

the estimation of the capital share. This is an important benefit over the capital per output 

regression because we can investigate whether the estimated alpha corresponds to the statistically 

and theoretically relevant magnitude. Therefore, in addition to the convergence speed, we have 

another parameter according to which we can judge the accuracy of our estimation.   

Despite the apparent difference between our method and that of McQuinn and Whelan, the 

two have the same root. It is easy to show that eq.(3.14) derives from eq.(3.8) with a minor 

transformation. The verification is performed as follows. First, substitute lnA with ln / (1 )MFP α−  

and note that ˆln ln ln ln / (1 )y Y L MFP α= − − − . Second, substitute eq.(3.15) for lnMFP to obtain 

ˆln ln ln (ln ln (1 )ln ) / (1 )y Y L Y K Lα α α= − − − − − − . Third, simplify the latter expression to arrive at 

ˆln ( / (1 ))ln( / )y K Yα α= − . Therefore, multiplying eq.(3.8) by (1 ) /α α−  produces eq.(3.14).60      

 

   

3.3.3 The issue of the steady-state output per effective labor  

 

The steady-state output per effective labor is a standard element of the beta regressions. Like the 

technology level, it is unobservable. However, we dispose of a closed formula for ŷ∗  based on 

                                                 
60 This deterministic relationship between eq.(3.8) and eq.(3.14) is not a new finding. McQuinn and Whelan already 

noted it following a slightly different line of reasoning; specifically, they did not substitute ln / (1 )MFP α−  for lnA 

but proceeded from the decomposition of output per labor to arrive at the crucial expression of 

ˆln ( / (1 )) ln( / )y K Yα α= − .   
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the Solow model (eq.(3.5)). Recalling the system approach of conditional convergence, it is 

evident that the BGP values of the variables are included in eq.(3.5). We did not denote it as 

being distinct because the involved variables are constant in the Solow model. However, in 

reality, the saving rate, the growth rate of technology and the growth rate of labor are endogenous 

and change continuously due to conditional convergence until they take on their steady-state 

values. Consequently, we cannot determine whether the observed values of s and n are the 

steady-state ones. The same holds for the calculated MFP growth rate, used as a proxy for g. 

Therefore, having a formula for ŷ∗  does not address the problem of measurement.  

The usual practice in the literature to overcome the issue is to substitute the averages into 

eq.(3.5). The underlying idea is that the averages are better proxies for the steady-state values 

because, among other reasons, they are free from the distorting effect of business cycles. The 

panel studies differ from the cross-sectional studies regarding the period over which the 

individual variables are averaged. In the former, the variables are averaged over the typically 

five-year-long sub-periods of the panel sample (e.g., Islam, 1995). Therefore, the averages 

substituted into eq.(3.5) have both time- and cross-sectional dimensions:  ( )1
, , ,( )i t i t i tz s n g

α
αδ −= + +   

, where z is the proxy for ŷ∗ . This is the classical moving target approach followed by every 

panel study.61 On the other hand, in cross-sectional studies, the variables are averaged over the 

entire investigated period (e.g., Mankiw et al., 1992). This vein of the literature follows a non-

moving target approach by necessity, according to which the averages substituted into eq.(3.5) 

have only a cross-sectional dimension: ( )1( )i i iz s n g
α
αδ −= + +  . 

The basic difference between the two methods is that the moving target approach allows ŷ∗  to 

vary over time, whereas the non-moving target approach does not. This is the main advantage of 

the moving target approach. However, it is ambiguous during which time period it becomes a 

relevant issue to trace the change in ŷ∗ . It is obvious that the BGP changes if any of its 

determinants changes. Nonetheless, the variability of the underlying determinants remains 

unclear. Some of them, e.g., the time- and risk-preferences of the households, are certainly very 

                                                 
61 To our knowledge, the only exceptions are McQuinn and Whelan (2007), who operate with a modified version of 

the classical moving target approach. Specifically, they measure the g parameter by the average MFP growth rate of 

the individual countries instead of calibrating it.  
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persistent, whereas others are less so (e.g., tax-rates). Consequently, all we can determine is that 

in the short run, we may be less concerned about the change in ̂y∗ .   

The advantage of the non-moving target approach over the moving target approach is that the 

z proxy is more robust to the short-term fluctuation present in the data because of the longer 

period of averaging. This issue becomes especially relevant in a volatile macroeconomic 

environment.   

Despite the uniform practice of the panel literature, the choice between the two concepts is not 

obvious. We cannot prefer either of them per se. The moving target approach may provide a 

better proxy for ̂y∗  if we investigate a long time period and relatively stable economies, whereas 

the non-moving target approach may be more appropriate for short samples of volatile countries. 

However, it is possible to assess the adequacy of the individual concepts by a statistical test. Note 

that the unobservable ˆln y∗  is delegated into the residuum of the beta regression: 

, ,0 , ,ˆ ˆln ln lni t i i t i ty y z vβ η= + + ,  where , , , ,ˆ(1 ) ln lni t i t i t i tv y zβ η ε∗= − − + .  

If the BGP is constant, then ˆln iy∗  is an unobservable fixed effect. In this case, it is easy to 

judge the adequacy of the applied proxy variable. A good proxy cancels the fixed effect because 

,ˆ(1 ) ln ln 0i i ty zβ η∗− − ≈  holds. In contrast, a bad proxy leaves ̂ln iy∗  in the residuum. The situation 

is less clear when the BGP is variable. In this case, we can draw no conclusion on the adequacy 

of the moving target approach, whereas the non-moving target approach is certainly inaccurate. 

Therefore, the first step is to judge the constancy of the BGP. To do so, we must test for fixed 

effects both for the moving target approach and for the non-moving target approach. As table 3.2 

demonstrates, there is only one case where we cannot decide on the constancy of ŷ∗ . This 

happens when we find fixed effects in the non-moving target case and no fixed effects in the 

moving target approach. All other outcomes are impossible for a variable BGP. The second step 

is to judge the two proxies according to the test results, which is straightforward if the constant 

ŷ∗  hypothesis is accepted (see table 3.2). For example, if we test our regression for fixed effects 

for each case and accept the null hypothesis of no fixed effects for the non-moving target 

approach while rejecting it for the moving target approach, we can be sure that the BGP has not 

changed during the investigated period. Otherwise, it is impossible to arrive at these results. We 
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can also assess that the non-moving target case provides a good proxy for ̂iy∗ , while the moving 

target case does not.               

Contrary to the standard panel literature, we use the non-moving target approach for the 

estimation. We justify our choice using the above statistical test.    

 

 

     Table 3.2 Assessing the constancy of the BGP and the adequacy of the z proxy 
 

Test result 

Constant BGP (̂
iy ∗ ) Variable BGP (

,ˆ i ty ∗ ) 

Moving target 
(

,i tz ) 
Non-moving 
target ( iz ) 

Moving target 
(

,i tz ) 
Non-moving 
target ( iz ) 

Fixed effects Bad proxy 1 Bad proxy Not possible Bad proxy 

No fixed effects Good proxy 2 Good proxy No conclusion Not possible 
     
           Notes: 1  zi,t might be distorted by short-term fluctuation, 2 zi,t is not distorted by short-term fluctuation 
   

 

 

3.3.4 The regression 

 

After making our choice at each of the critical methodological issues, it becomes possible to 

formulate the exact beta regression we work with: 

 

(3.16)  , , ,ˆ ˆln lni t i t i i ty y wτβ ψ ε−= + +   ,    

 

where 
,

,
, 1 (1 )

, , ,

ˆ
( )( ) i t

i t
i t

i t i t i t

Y
y

h H MFP α−= , ln
i i i

i
i

h H A

s
w

g g g δ
 

=   + + + 
,  and (1 )

1

αψ β
α

= −
−

.62 

 

Some notes for eq.(3.16) are necessary. First, we do not calibrate the steady-state growth rate of 

technology (g); rather, we measure it with the average growth rate of ,1 (1 )
, ,( ) i t

i t i tA MFP α−=  in each 

country; that is, 
ii Ag g= . As a consequence, the individual countries will differ from each other 

in this regard, which is a minor deviation from the classical Solow model. Second, the 

                                                 
62 Note that L hH= , thus 

i ii H hn g g= + . Note also that ln ( (1 ))i iz wα α= − . 
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depreciation rate is set to 0.06. We will investigate the robustness of our results to this 

calibration. Third, the outlined content of the ψ parameter is correct only if the tests justify the 

non-moving target approach. Otherwise, we use a bad proxy for ŷ∗ . Fourth, we need the labor 

share to calculate the output per effective labor. We use the available statistics on ( ,1 i tα− ). 

However, we also derive a universal constant alpha from the estimated ψ parameter.      

 As we already noted in section 3.3.2, there are two potential sources of bias for this type of 

regression: the endogeneity of the variables used to proxy for ŷ∗ , and the measurement error. 

However, we expect that the endogeneity issue will not be severe because the correlation of the 

relevant regressors with the error term decreases through averaging, with this effect being more 

pronounced for a longer averaging period. Equation (3.17) demonstrates the latter:63 

 

(3.17)  1

( , ) ( , )

( , ) ( , )

T T

t j t j
j j t

t t t

Cov s Cov s

Cov s Cov s
T T

ε ε
ε ε= == = <

∑ ∑
  

 

For the second equation, we assume that the saving rate is at least predetermined; that is, 

( , ) 0t jCov sε =  if j t< . The inequality builds on the realistic assumption that the effect of the 

error term on future saving rates decreases continuously with time until it disappears. It is clear 

from eq.(3.17) that the endogeneity problem becomes less severe as the T time period of the 

averaging increases. Therefore, the non-moving target approach has the advantage of mitigating 

the bias in our estimation to a greater extent than the moving target approach would do.    

 It is important to emphasize that there is no omitted variable bias, provided that the proxy for 

ŷ∗  is appropriate. Recall that the MFP is the residuum of output after controlling for the 

contribution of labor and capital (eq.(3.15)). This implies that the variables omitted from the 

production function (eq.(3.2)) are included in the MFP. Consequently, we do not have to be 

concerned about them in the regression.64 

                                                 
63 Although this example concerns the saving rate, the reasoning is the same for the other regressors as well. We 

neglect the country indexes for simplicity.     
64 This is a further advantage of our approach over the standard output per labor regression. 
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 Our regression fits the system approach of conditional convergence because it works with 

filtered data, which contain only the mechanism under consideration. Dividing output by the two 

labor components and the MFP ensures that we control for the dynamics of labor, technology and 

all other omitted factors. Therefore, the dynamics of the calculated ̂y  represent the dynamics of 

the sole production factor not included in the regression, that is, physical capital. 

 

 

3.4 Empirical results 

 

3.4.1 The sample  

 

The 10 Central Eastern European countries investigated in the dissertation have much in 

common. They all suffered under communism until 1990. After their transition out of 

communism, these countries joined the European Union in 2004 and 2007. They constitute a 

contiguous geographic area. They are regionally integrated. They are the least developed 

countries in the European Union. Therefore, the 10 countries constitute a relatively homogenous 

set, which supports our identifying assumption, namely that the determinants of the average 

speed of convergence (α , n, g, δ, ϒ0) take on similar values in their cases. This is an important 

assumption because otherwise, the average speed of convergence and thus the beta parameter in 

eq.(3.8) may differ significantly between countries.65 In the latter case, we would have to 

estimate a panel model with heterogeneous parameters.    

 We compose an annual ( 1τ = ), a three-year ( 3τ = ) and a four-year ( 4τ = ) sample from the 

data. The annual sample has 130 observations with thirteen dates (1995,..., 2007). The three-year 

sample has 50 observations with five dates (1995, 1998, 2001, 2004, 2007). The four-year sample 

has 40 observations with four dates (1995, 1999, 2003, 2007). We estimate eq.(3.16) on each 

sample to check the robustness of our results.        

 
 

                                                 
65 Unfortunately, we cannot confirm this assumption in a more elaborate way. However, we have to note in our own 

defense that the problem of country-specific regression parameters is generally suppressed in the empirical 

convergence literature.       
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3.4.2 The variables 

 

The output (Y) is measured by the real GDP at purchasing power parity. The source of the data is 

the Penn World Table 6.3. We derive Y as in section 2.2.2.2, that is 1000Y POP rgdpl= ⋅ ⋅ , where 

the ‘POP’ and the ‘rgdpl’ are variables of the PWT 6.3.   

The quantity of labor is represented by the total number of hours worked (H), with data taken 

from the TED database. The quality of labor, that is human capital (h), is calculated similarly to 

the growth theory approach of QH in chapter 2 except that we work with the unadjusted years of 

schooling (sy): r syh e= i . For the source of sy and the calibration of the returns to schooling (r) 

see section 2.2.1.66  

The MFP is derived according to eq.(3.15) or equivalently according to eq.(2.7).67 For the 

source of the labor share (1 α− ), see section 2.3. For the calculation of the physical capital stock, 

see section 2.2.2. The physical capital stock series used in the baseline case of the estimation is 

presented in table A1. Recall that the depreciation rate is calibrated to 10 percent at the 

calculation of K. Note also that this is higher than depreciation calibrated for the variable wi. We 

do so because eq.(3.5) includes the steady-state value of δ similarly to the other variables, 

whereas eq.(2.11) includes the actual δ. Usually, there is no need to distinguish between the two 

of them because the depreciation rate is a very persistent variable and can thus be regarded as a 

constant. However, the case of the CEE countries is an exception because during the 

transformation and the subsequent years, the assets established before 1990 likely depreciated 

more quickly, due to their intensive withdrawal from the production, than the assets already 

established in the framework of the market economy. Therefore, the actual depreciation rate 

certainly exceeded the steady-state rate in the investigated period. Consequently, we must work 

with different δ variables in eq.(3.5) and eq.(2.11).   

Finally, we measure the saving rate (s) with the constant-price investment rate (ki) in the PWT 

6.3. The 
iHg , 

ihg , 
iAg  and is  variables are calculated as the twelve-year (1996-2007) averages of 

the respective growth rates and the saving rate.  

                                                 
66 The h human capital applied in this chapter is equivalent to the QH variable calculated at the Sens_8 sensitivity 

scenario in chapter 2. For the values of h, see the Sens_8 column in table A2.  
67 Note, that eq.(2.7) and eq.(3.15) are the same since QK is calibrated to 1 throughout the dissertation. 
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We derive the human capital and the MFP based on severe restrictions; therefore, a sensitivity 

analysis will necessarily follow the estimation results. 

 

 

3.4.3 Estimation  

 

We use the GRETL econometric software package for the estimations and the Monte Carlo 

simulations. The results of the pooled OLS estimation of eq.(3.16) for the various samples are 

presented in table 3.3. As a reference, we include the cross-sectional estimation ( 12τ = ) as well. 

The parameters λ  and (1-α) are calculated from the estimated regression coefficients according 

to eq.(3.16), eq.(3.8) and eq.(3.9).  

Although the estimated average speed of convergence increases with the frequency of the data, 

it remains in the narrow range of 5.7-7.2 percent for the three panel samples. The same holds for 

the labor share, which moves in the range of 56.9-58.8 percent. Therefore, the results are 

moderately robust to the different frequencies. The picture is less convincing if we also take the 

cross-sectional results into consideration. However, the latter must be regarded as only a 

reference because of the low number of observations.  

The OLS coefficients are highly significant. All of them dispose of a t-statistic with less than 

one percent p-value for both OLS standard errors and panel corrected standard errors (PCSE). 

Panel Corrected Standard Errors are suggested by Beck and Katz (1995) when the residuum is 

groupwise heteroskedastic, contemporaneously correlated but not autocorrelated. The model 

diagnostics prove that the latter conditions are met in our case. 

The OLS models fit the data very well. The R^2 is close to one for each case. Note that the 

table presents the uncentered coefficient of determination because the regressions do not contain 

any constant (see, e.g., Baltagi, 2008). Employing another tool for assessing the goodness of fit, 

we calculate the squared correlation between the predicted and the observed values of ̂ln y . This 

measure also confirms the very high explanatory power of the OLS regressions. 

The model diagnostics also present an encouraging picture about the OLS regressions. 

According to Durbin’s h test and the Breusch-Godfrey test, there is no first- or second-order 

residual autocorrelation at the standard significance levels. Moreover, both the Doornik-Hansen 

test and the Jarque-Bera test support the normality of the error term at the 10 percent significance 
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level for the 3-year and the 4-year models. However, the error term is not spherical in either case 

because groupwise heteroskedasticity is unequivocally present.  

 According to Ramsey’s RESET test, the regressions are correctly specified in each case. As 

another test of the model specification, we add an intercept to the regressions. A significant 

intercept would indicate that the average error is not zero. This implies that the regressors 

systematically over- or under-predict ˆln y  depending on the sign of the intercept. The Wald-F 

tests strongly support the zero intercept null hypothesis, which is a further verification of the 

model specification.   

 

 

Table 3.3 OLS estimation results  
 

 Annual 3-year 4-year Cross-sectional 

β 0.9308 0.8330 0.7954 0.5471 
 (0.000)  [0.000] (0.000)  [0.000] (0.000)  [0.000] (0.006)   

Ψ 0.0486 0.1231 0.1552 0.3611 
 (0.001)  [0.007] (0.001)  [0.008] (0.000)  [0.001] (0.000) 

λ  0.0717 0.0609 0.0572 0.0503 

(1-α) 0.5875 0.5755 0.5687 0.5564 
Sample size (N) 120 40 30 10 

Goodness of fit     
R^2 a 0.9915 0.9798 0.9834 0.9857 

2ˆ ˆ( (ln ), ln )corr pred y y   0.9186 0.8094 0.8146 0.7223 

Model diagnostics b     
Durbin’s h test 0.452 0.302 0.218  

Breusch-Godfrey test c 0.219 0.163 0.25  
Groupwise heterosked. d 0.000 0.000 0.000  

Doornik-Hansen test 0.000 0.313 0.115 0.24 
Jarque-Bera test 0.000 0.72 0.173 0.597 

Model specification b     
Ramsey’s RESET test e 0.503 0.884 0.974 0.7 

Adding an intercept f 0.986 0.943 0.896 0.971 
 
Notes: OLS estimation of eq.(3.16). P-values calculated according to the OLS standard errors are in brackets.  
P-values calculated according to the panel corrected standard errors (PCSE) are in squared brackets.  
 a calculation: 2ˆ1 / lnSSE y− ∑ , where SSE is the sum of squared errors; b The p-values of the respective tests are 

publicized; c Null hypothesis:  both the first- and second-order residual autocorrelations are zero; d Wald test;  e The 
square and the cube of the fitted values are included in the auxiliary regression; f Wald-F test with the null hypothesis 
that the intercept is zero.  
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Table 3.4 Moving target versus non-moving target: testing for fixed effects 

 Annual 3-year 4-year 

Fixed-effects model with 
non-moving target a 

(1-α)= 0.6 0.459 0.72 0.597 

 (1-α)=0.55 0.45 0.724 0.609 

(1-α)=0.5 0.413 0.705 0.593 
Fixed-effects model with 
moving target b 

 
0.155 0.079 0.294 

     

 

Notes: The table contains the p-values of the Wald-F tests of differing group intercepts. The null hypothesis of the 
test is that there are no unobserved country-specific fixed effects.  
a Estimating eq.(3.16) as a fixed-effects model. The estimation requires the observed fixed effects to disappear. 
Therefore, assuming a given value for alpha, we transform eq.(3.16) as follows: 

, , ,i t i t i tq q τβ ε−= + , where  

, ,ˆln lni t i t iq y z= − . b Estimating eq.(3.16) with ln(zi,t) instead of ln(zi) as a fixed-effects model.  

 

 

We assumed that we would arrive at a better proxy for ŷ∗  if we followed the non-moving target 

approach. The underlying consideration was that the non-moving target approach fit the volatile 

macroeconomic conditions of the CEE economies better than the moving target approach, whereas 

the concerns about the constancy of the BGP can be neglected because of the brevity of the 

investigated period. This assumption must be justified by statistical tests. We argued in section 

3.3.3 that we must test for the presence of unobserved fixed effects for both the moving target 

approach and the non-moving target approach. Table 3.4 presents the results. In each case, a 

modified version of eq.(3.16) is estimated as a fixed-effects model. For the non-moving target 

approach, the regression must be modified because the estimation would not be possible with 

observed fixed effects. Therefore, assuming a given value for alpha, we transform eq.(3.16) as 

follows: , , ,i t i t i tq q τβ ε−= +  , where  , ,ˆln lni t i t iq y z= −  . We perform the estimation with three 

different labor shares. For the moving target approach, ln(zi) is substituted with ln(zi,t) in eq.(3.16).68         

 The results of the Wald tests in table 3.4 decisively support the absence of unobserved fixed 

effects for the non-moving target approach. All p-values are very high. The picture is less 

convincing for the moving target approach. The p-values are much lower; for the 3-year model, 

the p-value is even less than 10 percent. However, the absence of fixed effects for the non-

moving target approach is enough to preclude the variable BGP for the investigated period (see 

                                                 
68 Recall that ( ) ( )( ), ,, ,ln (1 ) ln

i t i ti t i t h Hz s g g gα α δ= − + + + , where 
,i ts , 

,i thg and 
,i tHg  are the respective averages 

over the period [ ]( 1);t tτ− − . We set 0.02g =  and 0.06δ = . 
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table 3.2). The constancy of the BGP implies that the absence of fixed effects represents 

unambiguous evidence for the adequacy of the proxy variable. Therefore, we can conclude that 

the non-moving target approach provides a good proxy for ŷ∗ , while the case is less clear for the 

moving target approach. This justifies our a priori assumption.   

According to the above, the pooled OLS results in table 3.3 appear to be reasonable. The 

coefficients are significant, the explanatory power of the regressions is high, the error terms are 

within appropriate limits except for groupwise heteroskedasticity, the model specification is 

appropriate and the applied proxy for ŷ∗  is adequate. Moreover, the estimation results are in line 

with the theory and the observed statistics. First, the estimated convergence speeds fall into the 

range theoretically predicted for the CEE economies (4.3-9.6 percent). Second, the estimated 

labor shares are realistic considering the observed ones.69 Despite all of these affirmations of our 

results, two caveats exist. First, our results might be sensitive to the calibration of the 

depreciation rate in wi and/or to the applied MFP and labor measures. Second, the OLS 

estimation of eq.(3.16) might be severely biased because of measurement error and the 

endogeneity of the wi variable. Therefore, in the next two chapters, we conduct sensitivity 

analysis and Monte Carlo simulations to assess the accuracy of the OLS results in table 3.3.   

 

 

3.4.4 Sensitivity analysis  

 

First, we investigate the robustness of the results to the calibration of the steady-state 

depreciation rate in wi. Table 3.5 presents the calculated λ  and (1-α) parameters based on the 

pooled OLS estimations of eq.(3.16) with both 0.04δ =  and 0.08δ = . Our conclusion is that the 

average speed of convergence is robust to the steady-state depreciation rate. However, this is not 

true for the labor share, which decreases substantially with δ.  

 
 
 
 
                                                 
69 According to figure 2.4, the CEE labor shares fluctuated in the wide range of 0.418 to 0.762 between 1995 and 

2007. The average over the ten countries and the 13 years was 0.524. This is somewhat lower than the estimated 

range (0.569-0.588), but the difference is not dramatic.   
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Table 3.5 Sensitivity to the steady-state depreciation rate in wi 

 Annual 3-year 4-year 
steady-state depreciation rate: 4 %    

                                                 λ  0.0687 0.0579 0.0544 

                                           (1-α) 0.6339 0.6214 0.6146 

steady-state depreciation rate: 8 %    

                                               λ  0.0711 0.0609 0.0568 

                                          (1-α) 0.5379 0.5262 0.5187 
 

 

Concerning the sensitivity to the quality and quantity of labor (h, H) and to the MFP, we only 

have to deal with the assumptions used for the calculation of the physical capital stock (K). We 

do so because the denominator of the output per effective labor, that is, 1 (1 )( )hH MFP α− , equals 

( )1 (1 )
Y K

αα −
.70 This implies at the same time that the w variable is also sensitive only to the 

physical capital stock because / (1 ) / (1 )h H A Y Kg g g g gα α α+ + = − − − . Therefore, regardless of 

which measure we use for the quantity of labor or how we calculate human capital, the estimation 

results remain unchanged. For example, if we used employment instead of the number of hours 

worked or if we calculated human capital with alternative returns to schooling or with quality 

adjusted years of schooling, only the MFP would change to an extent that balances exactly the 

movement in h or H raised to the power of (1 )α−  (see eq.(3.15)).    

The calculation of the physical capital stock according to eq.(2.11) requires two crucial 

assumptions, one on the actual depreciation rate and one on the initial capital-output ratio. We 

investigate the sensitivity of our results to these parameters. Table 3.6 presents the OLS results in 

the case of two alternative depreciation rates.71 Similarly to the case of the steady-state 

depreciation rate in wi , the average speed of convergence is robust to the actual δ, whereas the 

labor share is not. Note, however, that now the labor share varies in a narrower range and 

increases with δ.           

                                                 
70 The proof is simple. According to eq.(3.2), ( )1 (1 )

LA Y K
αα −

= . One only has to substitute for A according to eq.(3.15). 

71 The calibration of the actual depreciation rate to 0.08 and to 0.06 implies that we use the physical capital stocks of 
the Sens_1 and Sens_2 sensitivity scenarios in chapter 2 for the derivation of MFP. For the two series of K/Y, see 
table A2.  
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The sensitivity to the initial capital-output ratio is investigated with two alternative sets of 

(K1995/Y1995).
72 The first set comprises the ratios estimated by the Regression Approach II. in 

chapter 2 (see table 2.1).73  The second set comprises fictive values broadly in line with the 

related literature.74 As we can see from table 3.7, the labor share is robust to the initial capital-

output ratio. Unfortunately, this is only moderately true for the average speed of convergence. 

For the second set of the (K1995/Y1995) ratios the λ  takes on very similar values to those of the 

baseline case. On the contrary, for the first set, the average speed of convergence is 1.3-1.8 

percentage points higher for each frequency. 

 

 

Table 3.6 Sensitivity to the actual depreciation rate 

 Annual 3-year 4-year 
        actual depreciation rate:  6 %    

λ  0.0674 0.0571 0.0531 

(1-α) 0.5263 0.5084 0.4989 

        actual depreciation rate:  8 % 
   

λ  0.0679 0.0569 0.0528 

(1-α) 0.5504 0.5335 0.5245 
 

 

Table 3.7 Sensitivity to the initial capital-output ratio 

 Annual 3-year 4-year 
1. alternative set of (K1995 /Y1995)    

λ  0.0891 0.0742 0.0757 

(1-α) 0.6011 0.5883 0.5882 

2. alternative set of (K1995 /Y1995) 
   

λ  0.0673 0.0605 0.0576 

(1-α) 0.584 0.5767 0.5711                            

    

    Notes: 1. alternative set of (K1995 /Y1995): Regr.II. in table 2.1 
                                      2. alternative set of (K1995 /Y1995): fictive values 

                                                 
72 Recall that if we could start the PIM a few decades earlier than 1995, the initial capital-output ratio would not be 

an issue.   
73 This calibration of (K1995/Y1995) implies that we use the physical capital stocks of the Sens_6 sensitivity scenario in 

chapter 2 for the derivation of MFP. For the K/Y ratios, see table A2.  
74 The (K1995/Y1995) ratio is set to 1.5 in the case of Bulgaria, Estonia, Latvia, Lithuania, Poland and Romania, 

whereas it is set to 2 in the case of the Czech Republic, Hungary, the Slovak Republic and Slovenia. 
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In summary, the average speed of convergence is robust both to the steady-state depreciation 

rate and to the actual depreciation rate, whereas it is only moderately robust to the initial capital-

output ratio. The situation is reversed in the case of the labor share with the exception that the 

latter is considerably sensitive to the depreciation rate. Therefore, the sensitivity analysis supports 

the results for the average speed of convergence in table 3.3, whereas it suggests some caution 

with regard to the estimated labor shares. Note that with a few exceptions, the estimated average 

speeds of convergence fall into the range (5.7-7.2) of the baseline case for the individual 

sensitivity analyses.       

 

 

3.4.5 Monte Carlo simulation  

 

The Monte Carlo simulations conducted in this section follow the well-known three-step 

procedure. First, we simulate the data. Second, we estimate eq.(3.16) on the simulated data with 

the OLS estimator and store the coefficients. Third, we repeat the first two steps 1000 times, 

calculate the mean estimates and compare them to the true parameters. 

 

 

3.4.5.1 Data simulation 

 

We simulate panel samples with (T+1) time-periods ( 0,1,2,..., )t T=  and 10 cross-sectional units 

( 1,2,...,10)i = , where (T+1) equals 13, 5 or 4. The governing principle is that the moments of the 

simulated data resemble those of the observed ones. The procedure splits into three consecutive 

phases. First, we simulate the real initial ,0ˆln R
iy , the wi proxy and the ,   0i t tε ∀ ≠  residuals. Second, 

we generate ,ˆln   0R
i ty t∀ ≠  according to eq.(3.16). Third, we shock the generated ,ˆln R

i ty  series using 

the classical measurement error. The first phase incorporates four central issues: 1. the way of 

stacking the data, 2. the measurement of the residuals, 3. the correction of the sample moments for 

measurement error and 4. the adjustment of the sample moments for endogeneity. The second 

phase primarily concerns the proper calibration of the λ  and the α  parameters. The methodology 

of the data simulation is similar in many respects to the one in Hauk and Wacziarg (2009).    
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We stack the data on ,0ˆln R
iy , wi and ,i tε  in such a way that the time dimension drops out, which 

is a necessary step to be able to calculate the sample moments. This means that we treat the 

residuals of the different years as individual variables ( 1 Tε ε… ). Therefore, we practically 

simulate the 0 1 2ˆln , , , ,...,
TR

Ty w ε ε ε =  x  vector-variable for 10 cross-sections.75   

As the 1 2, ,..., Tε ε ε  residuals are unobserved, we use the fitted residuals (ε̂ ) of the OLS models 

in table 3.3. 

Measurement error is present only for GDP per effective labor because the phenomenon is not 

defined for proxy variables. We consider classical exponential measurement error (d) with 

lognormal distribution similarly to Hauk and Wacziarg (2009). This implies that 
0 0ˆ ˆ R dy y e= , where 

2 2( 2, )de LN σ σ−∼  and the R index denotes the real value of the variable. The parameters of the 

lognormal distribution are set to meet the ( )0 0ˆ ˆ( ) RE y E y=  condition of the classical measurement 

error. Taking the logs, we arrive at the textbook case of additive normally distributed classical 

measurement error: 0 0ˆ ˆln ln Ry y d= +  where 2 2( 2, )d N σ σ−∼ . It is obvious that in this case, the 

variance of 0ˆln y  overstates the real one because 2
0 0ˆ ˆ(ln ) (ln )RVar y Var y σ= + . On the contrary, the 

expected value of 0ˆln y  understates those of the underlying real variable because 

2
0 0ˆ ˆ(ln ) (ln ) ( / 2)RE y E y σ= − . Therefore, we must correct both of them to obtain the real moments. 

Assuming a given error-to-truth ratio ( 2
0ˆ/ (ln )RF Var yσ= ), the correction of the variance runs as 

follows: 0 0ˆ ˆ(ln ) (ln ) / (1 )RVar y Var y F= + . Utilizing the latter, the case of the expected value is 

straightforward:
 0 0 0ˆ ˆ ˆ(ln ) (ln ) 0.5 (ln ) / (1 )RE y E y Var y F F= + + . We set the F parameter alternatively 

to 0, 0.05, 0.1 and 0.15.  

 Endogeneity emerges only for the proxy variable w because the log output per effective labor 

is predetermined. The covariance of w with the residuals of the individual years is calculated 

according to the correlation and the standard deviations of the respective variables as follows: 

                                                 
75 Note that in the other case, when we stack the data so that the cross-sectional dimension drops out, we would have 

to simulate the 
1,0 10,0 1 10ˆ ˆln ...ln  , ...  R Ry y w w variables and the 

1 10,...,ε ε  residuals for T time periods. The problem is that 

only the sample moments of the 
1 10,...,ε ε  residuals can be calculated because the other variables dispose of just one 

observation.   
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( , ) ( , ) ( ) ( )   t 0t t tCov w Corr w Var w Varε ε ε= ∀ ≠ . We assume that the correlation of w with εt is 

constant in each year: ( , )   0tCorr w tε ρ= ∀ ≠ . The rho parameter is set to -0.2, -0.1, 0, 0.1 and 0.2.   

 According to the above, we calculate the sample covariance matrix (� (T+2)*(T+2)Ω ) and the sample 

mean (� (T + 2 )m ) of 0 1 2ˆln , , , ,...,
TR

Ty w ε ε ε =  x  as follows76: 
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Some further notes are necessary for the sample covariance matrix and the mean vector. First, the 

covariance of 0ˆln Ry  and w is set to zero because the t-test unambiguously supports the null 

hypothesis of no correlation between them.77 Second, the autocovariances of the residuals are set 

to zero in accordance with the test results on residual autocorrelation (table 3.3). Third, the t-test 

supports the ˆ( ) 0tE ε =  null hypothesis at the 10 percent significance level for almost every year.78 

Therefore, the expected values of the residuals are set to zero in the mean vector.  

 We draw the random sample of 0 1 2ˆln , , , ,...,
TR

Ty w ε ε ε =  x  for the 10 cross-sections from 

multivariate normal distribution with �Ω  covariance matrix and �m  mean vector. Then, we generate 

                                                 
76 The hat (^) symbol over the E(.) and the Var(.) operators refers to the sample counterparts, that is, to the sample 

variance and the sample mean. 
77 This test result coincides with the theoretical proposition that the initial income level is independent of the steady-

state level. Therefore, the absence of any correlation between 
0ˆln Ry  and w represents further evidence for the 

adequacy of the non-moving target approach in our case. Actually, we test the null hypothesis of 
0ˆ(ln , ) 0Corr y w = . 

However, with classical measurement error, 
0 0ˆ ˆ(ln , ) (ln , )RCov y w Cov y w= . Therefore, accepting the null hypothesis 

above simultaneously implies that 
0ˆ(ln , ) 0RCorr y w = .  

78 The only exceptions are 1999 and 2004 for the annual model. 
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ˆln   0R
ty t∀ ≠  

for each cross-section in accordance with eq.(3.16) assuming a given value for λ  and 

α . The two parameters are calibrated so that the moments of the generated data closely resemble 

those of the observed ones.79 We find 0.06λ =  and 0.425α =  to be a reasonable calibration. 

These parameter values fit the estimated ones in table 3.3 surprisingly well, which represents 

further support for the OLS results in addition to the Monte Carlo simulations below.     

 So far, the simulated data are free from measurement error. To assess the bias related to 

classical measurement error, we shock the simulated ˆln  R
ty at each cross section by adding white 

noise as follows: 

 

(3.18)  ˆ ˆln ln R
t t ty y d= +  , � �ˆ ˆ~ ( 0.5 (ln ), (ln ))R R

t t td N FVar y FVar y− . 

 

Note that we follow the same concept of measurement error used for the correction of the sample 

moments. More precisely, we assume an exponential error term with log-normal distribution, 

setting the parameters of the latter so that ( )ˆ ˆ( ) R
t tE y E y=  prevails. As can be observed from 

eq.(3.18) the variance and thus the expected value of td  differ between periods according to the 

assumed F ratio and the variance of ˆln  R
ty in a given year.              

 

 

3.4.5.2 Simulation results 

 

We estimate eq.(3.16) on the simulated data with the OLS estimator and store the coefficients. 

This procedure is repeated 1000 times. Table 3.8 presents the average coefficients for the three 

sample sizes at various values of F and ρ. The parameters λ  and (1 )α−  are calculated according 

                                                 
79 More precisely, we choose λ  and α  so that the expected value and the variance of the generated ˆln R

ty  in the 

individual years closely resemble the observed counterparts, that is, the sample average and variance of ˆln ty  in the 

given year, corrected for measurement error. The calculation of the ( )ˆln R
tE y  and the ( )ˆln R

tVar y  population 

moments required Monte Carlo simulations for each parameter combination. Further details of the calibration 

exercise are provided upon request.         
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to the average coefficients. The table also contains the extent of the bias, that is, the percentage 

difference between the mean and true parameters.      

As we expected, the OLS estimation can be severely biased in the presence of measurement 

error and endogeneity. Nonetheless, the extent of the bias varies heavily with F and ρ. We can 

observe three general tendencies. First, the bias increases with the error-to-truth ratio. Second, if 

F>0, the bias decreases with ρ. Third, the bias increases with the frequency of the data. These 

tendencies imply two crucial consequences concerning the accuracy of the OLS results.   

The first consequence is a trade-off between the two sources of bias. The distorting effect of 

greater measurement error can be partially offset by a higher negative correlation between wi and 

the residuals. This trade-off mechanism results in combinations of F and ρ for which the OLS 

estimation is not severely biased. For each sample, we depict with bold labels the least biased 

estimates of the convergence speed and the labor share when F>0. For example, for the 4-year 

sample, the implied λ and (1 )α−  are closest to the true parameters when 0.05F =  and 0.2ρ =− . 

In this case, the extent of the bias is minimal. To conclude, it is not impossible that the OLS 

results in table 3.3 are reliable, as endogeneity and measurement error might cancel each other. 

The second consequence is that the annual OLS estimation is the least reliable in table 3.3. As 

table 3.8 demonstrates, in the case of the annual sample, the extent of the bias is considerable for 

each combination under [ ]F 0;  ρ> . One reason for the greater bias of the annual OLS estimation 

may be the distortion of the business cycles, that is, the short-run dynamics present in the data. 

The conclusion of this section is that the Monte Carlo simulations suggest some caution with 

regard to our OLS estimations. However, they also show that we cannot reject the reliability of 

our results per se. The latter is especially true for the 4-year and the 3-year samples.    
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Table 3.8 Monte Carlo Simulation results: average estimated coefficients and bias 
(pooled OLS estimation, 1000 runs, varying degree of measurement error and endogeneity) 
 

Annual sample (τ=1) 

Variable 
True 

Coeffs 

Error-to-truth ratio 
Corr(w , εt) F=0 F=0.05 F=0.1 F=0.15 

Mean Bias (%) Mean Bias (%) Mean Bias (%) Mean Bias (%) 

,ˆln i ty τ−
 0.9418 0.9482 0.68 0.9175 -2.57 0.8899 -5.51 0.8644 -8.21 

ρ = – 0.2 wi  0.043 0.0386 -10.41 0.0533 23.81 0.0664 54.34 0.0785 82.38 
implied λ  0.06 0.0532 -11.29 0.0861 43.45 0.1167 94.46 0.1457 142.77 
implied 1 α−  0.575 0.5734 -0.28 0.6075 5.64 0.6237 8.47 0.6333 10.13 

,ˆln i ty τ−
 0.9418 0.9398 -0.21 0.9033 -4.09 0.8704 -7.58 0.8403 -10.78 

ρ = – 0.1 
wi  0.043 0.0434 0.85 0.0612 42.21 0.0770 78.91 0.0914 112.41 
implied λ  0.06 0.0621 3.52 0.1017 69.58 0.1389 131.43 0.1740 190.08 
implied 1 α−  0.575 0.5811 1.06 0.6125 6.52 0.6274 9.11 0.6360 10.61 

,ˆln i ty τ−
 0.9418 0.9304 -1.20 0.8873 -5.78 0.8488 -9.87 0.8139 -13.58 

ρ = 0 
wi  0.043 0.0488 13.29 0.0700 62.67 0.0887 105.98 0.1055 145.19 
implied λ  0.06 0.0721 20.15 0.1196 99.30 0.1639 173.21 0.2059 243.24 

implied 1 α−  0.575 0.5879 2.23 0.6168 7.27 0.6304 9.63 0.6381 10.98 

,ˆln i ty τ−
 0.9418 0.9197 -2.35 0.8690 -7.72 0.8246 -12.44 0.7847 -16.68 

ρ = 0.1 wi  0.043 0.0549 27.55 0.0800 85.95 0.1018 136.39 0.1212 181.55 
implied λ  0.06 0.0838 39.60 0.1404 133.97 0.1929 221.45 0.2425 304.13 
implied 1 α−  0.575 0.5941 3.31 0.6207 7.95 0.6329 10.07 0.6399 11.28 

,ˆln i ty τ−
 0.9418 0.9068 -3.71 0.8475 -10.01 0.7966 -15.41 0.7516 -20.20 

ρ = 0.2 wi  0.043 0.0621 44.38 0.0918 113.28 0.1168 171.43 0.1390 222.82 
implied λ  0.06 0.0978 63.02 0.1655 175.86 0.2274 278.93 0.2856 376.00 
implied 1 α−  0.575 0.5999 4.33 0.6243 8.57 0.6351 10.46 0.6413 11.53 

 

3-year sample  (τ=3) 

Variable 
True 

Coeffs 

Error-to-truth ratio 
Corr(w , εt) F=0 F=0.05 F=0.1 F=0.15 

Mean Bias (%) Mean Bias (%) Mean Bias (%) Mean Bias (%) 

,ˆln i ty τ−
 0.8353 0.8458 1.26 0.8180 -2.07 0.7912 -5.28 0.7665 -8.23 

ρ = – 0.2 wi  0.1218 0.1148 -5.69 0.1268 4.17 0.1392 14.30 0.1505 23.63 
implied λ  0.06 0.0558 -6.95 0.0670 11.63 0.0781 30.12 0.0886 47.74 
implied 1 α−  0.575 0.5732 -0.31 0.5894 2.50 0.6001 4.36 0.6080 5.74 

,ˆln i ty τ−
 0.8353 0.8305 -0.57 0.8016 -4.03 0.7727 -7.49 0.7461 -10.67 

ρ = – 0.1 wi  0.1218 0.1234 1.34 0.1359 11.61 0.1492 22.58 0.1615 32.65 
implied λ  0.06 0.0619 3.20 0.0737 22.84 0.0859 43.25 0.0976 62.71 
implied 1 α−  0.575 0.5788 0.65 0.5935 3.21 0.6036 4.98 0.6112 6.29 

,ˆln i ty τ−
 0.8353 0.8142 -2.53 0.7838 -6.16 0.7528 -9.87 0.7243 -13.29 

ρ = 0 
wi  0.1218 0.1325 8.79 0.1457 19.67 0.1601 31.47 0.1732 42.29 
implied λ  0.06 0.0685 14.22 0.0812 35.31 0.0947 57.76 0.1075 79.20 

implied 1 α−  0.575 0.5838 1.54 0.5974 3.89 0.6070 5.56 0.6141 6.80 

,ˆln i ty τ−
 0.8353 0.7967 -4.62 0.7645 -8.47 0.7313 -12.45 0.7009 -16.08 

ρ = 0.1 wi  0.1218 0.1421 16.73 0.1563 28.39 0.1717 41.05 0.1858 52.60 
implied λ  0.06 0.0758 26.27 0.0895 49.20 0.1043 73.86 0.1185 97.42 
implied 1 α−  0.575 0.5885 2.36 0.6011 4.53 0.6101 6.10 0.6168 7.27 

,ˆln i ty τ−
 0.8353 0.7779 -6.87 0.7434 -11.00 0.7080 -15.23 0.6758 -19.09 

ρ = 0.2 wi  0.1218 0.1525 25.24 0.1678 37.85 0.1843 51.37 0.1993 63.66 
implied λ  0.06 0.0837 39.53 0.0988 64.73 0.1151 91.80 0.1306 117.68 
implied 1 α−  0.575 0.5929 3.12 0.6046 5.14 0.6130 6.61 0.6193 7.71 
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4-year sample (τ=4) 

Variable 
True 

Coeffs 

Error-to-truth ratio 
Corr(w , εt) F=0 F=0.05 F=0.1 F=0.15 

Mean Bias (%) Mean Bias (%) Mean Bias (%) Mean Bias (%) 

,ˆln i ty τ−
 0.7866 0.8043 2.25 0.7771 -1.21 0.7515 -4.47 0.7280 -7.45 

ρ = – 0.2 wi  0.1577 0.1477 -6.32 0.1599 1.42 0.1717 8.88 0.1825 15.72 
implied λ  0.06 0.0544 -9.27 0.0631 5.09 0.0714 19.05 0.0794 32.28 
implied 1 α−  0.575 0.5698 -0.90 0.5822 1.26 0.5914 2.85 0.5985 4.08 

,ˆln i ty τ−
 0.7866 0.7891 0.32 0.7599 -3.39 0.7328 -6.84 0.7080 -10.00 

ρ = – 0.1 wi  0.1577 0.1561 -1.00 0.1691 7.23 0.1816 15.14 0.1930 22.37 
implied λ  0.06 0.0592 -1.33 0.0686 14.38 0.0777 29.52 0.0863 43.88 
implied 1 α−  0.575 0.5746 -0.08 0.5867 2.04 0.5954 3.54 0.6021 4.71 

,ˆln i ty τ−  0.7866 0.7731 -1.72 0.7420 -5.67 0.7134 -9.31 0.6873 -12.63 

ρ = 0 
wi  0.1577 0.1650 4.59 0.1787 13.31 0.1919 21.66 0.2039 29.27 
implied λ  0.06 0.0643 7.24 0.0746 24.34 0.0844 40.71 0.0938 56.27 

implied 1 α−  0.575 0.5791 0.71 0.5908 2.75 0.5990 4.17 0.6054 5.28 

,ˆln i ty τ−
 0.7866 0.7560 -3.89 0.7231 -8.07 0.6931 -11.89 0.6657 -15.37 

ρ = 0.1 wi  0.1577 0.1743 10.49 0.1888 19.69 0.2026 28.47 0.2152 36.45 
implied λ  0.06 0.0699 16.54 0.0810 35.06 0.0916 52.73 0.1017 69.55 
implied 1 α−  0.575 0.5834 1.45 0.5946 3.41 0.6023 4.75 0.6084 5.80 

,ˆln i ty τ−
 0.7866 0.7379 -6.20 0.7033 -10.60 0.6718 -14.59 0.6432 -18.23 

ρ = 0.2 wi  0.1577 0.1841 16.74 0.1994 26.42 0.2139 35.62 0.2270 43.95 
implied λ  0.06 0.0760 26.67 0.0880 46.68 0.0994 65.73 0.1103 83.86 
implied 1 α−  0.575 0.5874 2.16 0.5981 4.02 0.6054 5.29 0.6111 6.28 

 
 

Notes: The ‘Bias’ values are calculated as follows: 100*(mean parameter – true parameter)/(true parameter). The 
‘True Coeffs’ are the calibrated parameter values.    
 

 

Considering the results of the Monte Carlo simulations, one might wonder why we do not 

estimate eq.(3.16) with the system GMM method of Blundell and Bond (1998). The system 

GMM estimator has become the method of choice in the applied literature on dynamic panel data 

models because of its appealing features (see, e.g., Bond et al., 2001). This estimator is capable of 

treating measurement error and endogenous regressors simultaneously and thus avoids the two 

types of bias present with the OLS estimation. Moreover, because the tests indicate the absence 

of unobserved fixed effects, one does not have to worry about the required initial condition. The 

only problem is that the extremely low number of the cross-sections in our samples heavily 

deteriorates the efficiency of the system GMM estimator and prevents the realization of the 

appealing asymptotic features. For this reason, we neglect this method.80   
                                                 
80 However, we voluntarily run the system GMM estimation of eq.(3.16) on the annual and the 3-year samples. We 

applied the one-step and the two-step GMM methods as well. As we expected, the standard errors are much higher 
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3.5 Summary of the chapter  

 

This chapter investigated the speed of the neoclassical convergence in the 10 Central Eastern 

European countries from 1995 until 2007. The chapter added value from both an empirical and a 

methodological standpoint. Concerning the latter, we contributed to the literature by addressing 

three issues. First, we introduced the novel concept of the average speed of convergence. The 

average speed of convergence represents the real connection between theory and empirical study 

because the variable speed of convergence implies that the lambda calculated according to the 

beta regression is not the instant, but the average rate.  

Second, we suggested a new method to treat the technology level properly in the beta 

regression. The underlying idea of our method is to use the multifactor productivity calculated 

with development accounting as a proxy for the unobservable technology level and thus to 

estimate the beta regression directly with the output per effective labor. We proved that after 

minor transformation, our approach resulted in a structural regression equation identical to that of 

McQuinn and Whelan (2007). However, we argued that our approach was preferable to that of 

McQuinn and Whelan because it integrated the advantages of the output per labor regression with 

those of the capital per output regression. 

The third methodological issue we addressed was the proper proxy for the unobservable 

steady-state output per effective labor, a necessary variable in any regression aimed to estimate 

the speed of conditional convergence. We demonstrated the advantages and the disadvantages of 

the two related standard methods. We argued that it was impossible to prefer either of them per 

se. The moving target approach may provide a better proxy for ŷ∗  if we investigate a long time 

period and relatively stable economies, whereas the non-moving target approach may be more 

appropriate for short samples of volatile countries. To resolve the problem, we suggested a new 

method to test the adequacy of the individual approaches. We demonstrated that if we tested for 

unobserved fixed effects in the output per effective labor regression both for the moving target 

                                                                                                                                                              
than the OLS standard errors. Furthermore, the estimated coefficients are not very informative for two reasons. First, 

they are unstable; that is, they vary considerably with the frequency of the sample and the applied GMM method 

(one-step vs. two-step GMM). Second, the magnitude and the sign of the coefficients are not always consistent with 

the theory. Further results and details of the system GMM estimations are presented in appendix 5.   
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approach and for the non-moving target approach, it was possible to judge the adequacy of the 

individual proxy variables. 

 These methodological issues are relevant not only to the CEE context but also to a more general 

context because the underlying characteristics are valid for almost every catching-up countries.      

We estimated the neoclassical speed of convergence on the annual, the 3-year and the 4-year 

panel samples of the CEE countries. According to the pooled OLS results, the average speed of 

convergence and the labor share were in the range of 5.7-7.2 percent and 56.9-58.8 percent 

respectively in the investigated period. These results are in line with the theory and the observed 

statistics. First, the estimated convergence speeds fall into the range theoretically predicted for 

the CEE economies (4.3-9.6 percent). Second, the estimated labor shares are realistic considering 

the observed ones. 

The pooled OLS results are not only theoretically reasonable, but they are relevant empirically 

as well. First, the underlying regressions are correctly specified and dispose of significant 

parameters and high explanatory power. Second, the estimated convergence speed is robust or 

moderately so to the parameter calibration. The situation is less convincing in the case of the 

labor share, which is sensitive to the depreciation rate. Third, although the Monte Carlo 

simulations suggest some caution with regard to our OLS estimations, they also demonstrate that 

the two sources of bias present in the regression might cancel each other.  

There is a vast literature on studying the real convergence of the CEE countries in the post-

socialist period. However, our empirical results are significant contribution because, to our 

knowledge, no one has investigated the neoclassical convergence as rigorously as we did. 

The varying and country-specific speed of convergence renders it evident that it makes no sense 

to compare the results of that studies which rely on different samples regarding either the covered 

period or the included countries. However, we note that our results on the speed of the neoclassical 

convergence are similar to that of McQuinn and Whelan (2007). McQuinn and Whelan investigated 

ninety-six countries over the period of 1950 and 2000. They estimated eq.(3.14) with various 

depreciation rates and on different samples regarding the frequency of the data. Their results on the 

speed of the neoclassical convergence fall into the range of 5.6 and 7.2 percent.    
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4. Long run economic growth and population growth * 

 

The population has stagnated or decreased in the CEE countries since the transformation (Figure 

4.1). The demographic processes are especially worrisome in the Baltic countries, Romania and 

Bulgaria thanks to the remarkable fall in their population in the last two decades. As regards to 

the future growth prospects of the region, the question naturally arises: through which channels 

population might affect economic growth? The problem is complex and the relevant issues range 

from the sustainability of state finances, through capital deepening to technological development. 

This chapter investigates the main aspects of the ‘population – economic growth’ relationship in 

the frame of the neoclassical growth model and the idea-based endogenous growth models.  

 

 

  Figure 4.1 The evolution of population in the CEE countries (1991 = 100) 
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         Source: Eurostat 

 

 

The neoclassical Solow model, which constitutes the basic structure of chapter 3, attributes 

only level effect to population growth (Barro – Sala-i-Martin, 2004). According to eq.(3.5), the 

model predicts negative relationship between the steady-state output per capita and the rate of 

population growth. From this point of view, the demographic transition of the CEE countries is 

advantageous: the decreasing population improves the long run welfare and enhances economic 

                                                 
*  This chapter is based on Dombi (2013c). 

76

80

84

88

92

96

100

104

1
99

1

1
99

3

1
99

5

1
99

7

1
99

9

2
00

1

2
00

3

2
00

5

2
00

7

2
00

9

2
01

1

BGR EST LVA
LTU ROM



 

82 

growth through conditional convergence in the short run. However, we must bear in mind that the 

Solow model considers only the accumulation of physical capital and the resulting 

macroeconomic dynamics, while it neglects the other aspects of economic growth. Thus, the 

advantageous effect of a decreasing population refers only to capital deepening. 

The effect of population size on steady-state output per capita growth is a long debated issue 

in endogenous growth theory. Idea-based growth models, which consider technological change as 

an outcome of the entrepreneurs’ innovative activity, can be ordered into free strata according to 

their related predictions. In order to highlight the distinguishing features of the three strata of 

idea-based growth models, assume that the firm-level technology production function (R&D 

function) is as follows:  

 

(4.1)  ,i A i iA L Aφ=ɺ   , where i is the index for firm i, ,A iL  is labor (i.e. the number of researchers).  

 

In the first-generation models of Romer (1990) and Aghion and Howitt (1992) population size 

positively affects the steady-state growth rate of the economy, thus there is a scale-effect. The 

underlying intuition comes from the non-rival nature of technology according to which 

innovation costs can be incurred only once and, that after success, the discovered new idea can be 

used for the production of infinite units. Because technology is partly exclusive, as well, the 

innovator earns a certain monopoly mark-up on each unit of product. Therefore, when a 

successful innovator is able to sell more products, its aggregate profit will be greater, spreading to 

a greater extent the usually high innovation costs. However, the demand for the innovator’s 

product is ultimately determined by the size or, put differently, the scale of its market. Therefore, 

the larger scale of the market implies greater incentives for R&D. From that point into the future, 

the form of the technology production function alone determines whether the resulting larger 

firm-level R&D inputs ( ,A iL ) increase the rate of technological advance in the long run.  

In first-generation models, the relevant scale of the market for a firm is identified with the 

population size. According to the factors mentioned above, this association leads to higher 

returns on R&D when population is larger and thus to larger firm-level R&D intensity as well. 

Larger firm-level R&D intensity leads to faster steady-state growth in technology and in output 

per capita, because the technology function is characterized by perfect intertemporal knowledge 

spillovers ( 1φ = ). Thus, the population size positively affects the steady-state growth rate in first-
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generation models. The latter implies that economic growth explodes in case of growing 

population, which contradicts the empirics. Consequently, first-generation models are not 

realistic representation of the economy.   

The second-generation idea-based growth models of Jones (1995) and Segerstrom (1998) 

eliminate the scale effect by assuming imperfect knowledge spillovers in the R&D process 

( 0 1φ< < ). Although these models continue to link the scale of the market for a given firm to the 

population size, the change in the ϕ parameter cancels any relationship between the population 

size and the long run growth rate.81 To show the latter, divide both sides of eq.(4.1) by Ai and 

take the logs and the time-derivatives: 

(1 )i
i

i

g
n g

g
φ= − −

ɺ
. 

The above formula is a stable differential equation; therefore, the steady-state growth rate of 

technology is  

(4.2)  
1i

n
g

φ
∗ =

−
. 

According to eq.(4.2), steady-state growth is semi-endogenous because its determinants, that is the 

population growth rate and the knowledge spillover parameter (n, ϕ), are generally regarded as being 

exogenous to economic policy in the short run. Another important feature of second-generation 

models is that steady-state growth is zero in the absence of population growth (i.e. 0n = ).  

Third-generation idea-based growth models preserve the perfect intertemporal spillovers in the 

firm-level technology function (φ=1), but they completely separate the scale of the market from 

the size of the population thereby eliminating the scale effect (Aghion-Howitt, 1998; Dinopoulos-

Thompson, 1998; Peretto, 1998). The main idea is the incorporation of the entry of new firms. In 

these models entry perfectly dilutes the positive effect of the population rise on the size of the 

market for the representative firm. For this reason, the decision of the representative firm with 

regard to R&D is not influenced by any change in the population, contrary to the case of the first- 

and second-generation models. Firms continue to employ the same number of researchers, even 

in the presence of population growth, which keeps the rate of technological advance constant. 

                                                 
81 ‘Long run growth rate/economic growth’ and ‘steady-state growth rate/economic growth’ are synonymous. 
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However, the number of firms increases with the population size, as does aggregate R&D 

employment.   

The debate on the scale effect (i.e., the positive affect of population size on long run growth) 

appears to have been settled recently, thanks to empirical observations that are more in line with 

the predictions of third-generation models than with the predictions of the second-generation 

models (Laincz-Peretto, 2006; Ha-Howitt, 2007). However, third-generation models use a fragile 

framework because they severely restrict the knowledge spillover space by omitting the inter-

firm knowledge spillovers (Dombi, 2013c). This restriction is a crucial component of the 

elimination of the scale effect. There are two types of potential inter-firm knowledge spillovers: 

intertemporal spillovers and contemporary spillovers. The former corresponds to Romer’s (1990) 

original concept of “standing on each other’s shoulders” in R&D, that is, the concept of 

benefiting from the accumulated technology and thus from the past research efforts of other 

firms. Contemporary spillovers are productivity gains in the R&D process originating from other 

firms’ current research effort.82 The presence of these spillovers can result in explosive growth as 

their potential sources grow parallel to the number of firms. To realize the latter, consider the 

following firm-level technology function augmented with the inter-firm knowledge spillovers: 

  

 (4.3) , ( ) ( )i A i i AA L A NA NLφ η µ=ɺ   ;   φ, η, µ ≥ 0 ;   N, AL , A  >0; 

 

where N is the number of firms – except firm i –, A  is the average technology level of the other 

firms, η is the intertemporal spillover parameter (i.e. the intensity of “standing on others’ 

shoulders”), AL  is the average R&D employment of the other firms and µ is the measure for 

contemporary spillovers.      

 We can conclude from eq.(4.3) that if φ = 1 and η > 0, the intensity of “standing on its own 

and the others’ shoulders” is large enough to lead to accelerating technology growth. This 

parameter setting implies that if the number of firms grows parallel to the population, scale-effect 

is present. In third-generation models, the two knife-edge conditions of η=0 and µ=0 entail that 

externalities are absent in R&D. This assumption would be true only if firms involved in similar 

technologies were totally separated from each other, which is not the case in the context of 
                                                 
82 Contemporary spillovers can be the result of the interactions of the researchers of the individual firms. 
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globalization. The empirical literature also underpins the presence of inter-firm knowledge 

spillovers (see, e.g., Varga, 2009).  

The knife-edge conditions and the consequences of their relaxation call into question the 

relevance of third generation idea-based growth models. This means that the debate between the 

second and the third generation models is not over yet. Thus we cannot draw any strict 

conclusion on the ‘population – economic growth’ relationship according to idea-based growth 

models. The ‘zero population growth – zero economic growth’ prediction of second generation 

models is in stark contrast with the prediction of third generation models, that is with the 

neutrality of long run growth with respect to population growth. Both the imperfect knowledge 

spillovers and the entry of new firms, that is the two mechanisms which eliminate scale effect 

from the individual models, are realistic assumptions. But if knowledge spillovers are not perfect 

( 0 1φ< < ), either a continuously growing market size, or the inter-firm knowledge spillovers must 

compensate for the increasing complexity of research in order there to be a positive steady-state 

technology growth. Many questions are still unanswered with regard to the role of population size in 

the process of technology development: scale-effect is still on agenda (Dombi, 2013c).      

Although the scrutiny of idea-based growth models suggests that population growth might be 

crucial for positive steady-state growth, the demographic processes of the CEE countries are 

probably not relevant from this point of view. Recall that in idea-based growth models the 

population size is important because of its effect on technology development exerted due its 

linkage to the market size. However, in CEE countries neither the market size, nor the source of 

technology development is limited by the borders. These countries – with the exception of Poland 

– are small, open economies, which build heavily on foreign trade. Thus the market for a CEE 

enterprise is usually larger, than the domestic market determined by the population of the given 

country. Moreover, technology develops in the CEE countries not just because of domestic 

innovations – which is the focus point of idea-based growth models – but also because of the 

technology transfer conveyed by the considerable inflow of foreign direct investments. We 

conclude that the predictions of idea-based growth models concerning the effect of population on 

long run growth are more adequate for large countries – or regions – than for small, open 

countries like the CEE ones.         

To sum up, the following conclusions are to be drawn according to growth theory. First, 

stagnating or decreasing population is advantageous to capital deepening. Second, technological 
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development is not influenced by the population in the small and open economies of the CEE 

region. Thus the traditional channels through which growth theory analyzes the effect of 

population on economic growth (i.e. capital deepening and technological development) do not 

alarm against the demographic catastrophe toward which some CEE countries are approaching. 

However, this does not mean that decreasing population cannot harm economic growth in the 

long run. As the share of working age population shrinks due to the ageing of population, 

government expenditures rise, displaying state finances under pressure. If taxes increase to ensure 

balanced budget, investments might decrease slowing thereby capital accumulation and 

technology development. Moreover, the saving rate is also expected to be lower in an ageing 

population, because the elderly save less of their income than young persons. The reduction of 

saving rate affects negatively the growth prospects, as saving rate is a crucial determinant of the 

investment rate in the long run (Attanasio et al., 2000). Consequently, there is an indirect 

negative feedback from population decrease to steady-state growth (output) due to the decreasing 

investment and saving rates. This negative feedback is usually disregarded from growth models, 

since the decrease of population – given its unsustainable nature – is outside of their scope.        
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5. Conclusion 

 

The Central Eastern European post-socialist countries, which joined the European Union in 2004 

and 2007, experienced rapid economic growth after the transformation. Their average annual 

growth rates ranged from 3 to 7 percent between 1995 and 2007 exhibiting substantially the 

average rate of the EU-15 countries. The latter induced the remarkable catch-up of the CEE 

countries with respect to real GDP per capita. The dissertation investigated the main components 

of this robust economic growth with a special emphasis on the role of physical capital 

accumulation. We based our work on the three major areas of growth empirics that is on growth 

accounting, on development accounting and on the estimation of the speed of conditional 

convergence.  

In chapter 2, we performed the growth accounting and development accounting for the 10 CEE 

countries. The goal was to identify the contributions of the three main production factors (i.e., 

physical capital, labor and multifactor productivity) to economic growth and to relative economic 

development. The results are summarized in the following theses: 

 

1. The primary source of the rapid growth of the CEE countries between 1995 and 2007 was 

the accumulation of physical capital followed by the growth of multifactor productivity. 

Labor contributed only marginally. (Dombi, 2013a, 2013b)   

 

2. In the investigated period (1995-2007) the primary reason for the lower GDP/hours 

worked of the CEE countries compared with Germany is the lower capital intensity 

followed by the lower MFP at second place. Concerning the labor quality, the CEE 

countries are at the same level as Germany. (Dombi, 2013a, 2013b) 

 

In chapter 3, we estimated the neoclassical speed of conditional convergence in the CEE 

countries during the referred period. The neoclassical Solow model is a model of physical capital 

accumulation. Thus the rate of the neoclassical convergence represents the dynamics of the 

economy related to physical capital accumulation. According to our results, the average speed of 
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the neoclassical convergence was in the range of 5.7 and 7.2 percent in the CEE countries 

between 1995 and 2007.  

The empirical results of chapter 2 and chapter 3 are robust representation of the post-

transformation pre-crisis growth path of the CEE countries. First, the sensitivity analyses show, 

that both the estimated speed of convergence and the sources of economic growth and relative 

backwardness are robust to the parameter calibration. Second, the estimated speed of 

convergence is supported both by the auxiliary statistics of the regressions and by the related 

Monte Carlo simulations. Third, the improvements in the applied methodology render our results 

not just well funded, but even better funded than those found in other papers. Consequently, the 

dissertation added value from a methodological standpoint as well.  

As regards to the accounting decomposition, our main methodological contribution is the 

thorough discussion of the possible techniques of the initial capital stock estimation. Concerning 

the estimation of the speed of neoclassical convergence, we contributed to the literature by 

addressing three methodological issues. First, we suggested a new method to treat the technology 

level properly in the beta regression. We argued that our method is superior to the existing ones 

because it integrates their advantages and avoids their disadvantages. Second, we addressed the 

issue of finding the proper proxy for the unobservable steady-state output per effective labor in 

the beta regression. More precisely, we suggested a testing procedure to choose between the two 

alternative methods present in the literature to proxy the steady-state output per effective labor. 

Third, we introduced the novel concept of the average speed of convergence. The third thesis is 

related to the latter:  

 

3. The speed of convergence (λ) calculated from the beta regression is not the instant, but the 

average speed of convergence (λ ). The formula for the speed of convergence averaged 

over the period [0,t] is :  

t
t

t 00 0

ŷˆ ˆd(ln y ln y ) / d ln lnd
ŷˆ ˆ ln ln ln lnln y ln y

t t t

∗
ττ
∗∗−

τ

 − τ τ   ϒ − ϒ−  λ = − = − = −
∫

 .  (Dedák-Dombi, 2009) 

 

The overall conclusion is that physical capital accumulation played the major role in the rapid 

catch-up of the CEE countries between 1995 and 2007, not denying the considerable contribution 
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of the development of multifactor productivity as well. Our empirical results are consistent with 

each other and provide the following story about the post-transformation pre-crisis growth path 

of the CEE economies:  

1. Concerning the production factors, the gap compared to Germany was highest in the 

stock of physical capital.  

2. The low relative capital intensity made the rapid accumulation of physical capital possible. 

3. The rapid accumulation of physical capital induced robust economic growth and fast 

neoclassical convergence.  

 

Although this story seems complete, we must bear in mind that the dissertation revealed only the 

direct sources of economic growth and relative development, since growth accounting and 

development accounting are not capable to highlight the underlying reasons of factor 

accumulation and technological change. The dynamics of the production factors are intertwined 

as the system approach of conditional convergence suggests it. Thus the rapid accumulation of 

physical capital in the CEE countries may have been partly induced by technological 

development. 

One might wonder, whether physical capital accumulation will still remain the driving force of 

economic growth after the recent crisis or not. The answer is that in the short run it may be, but in 

the long run it certainly will not. The reasons are twofold. First, the pre-crisis growth path of the 

Baltic countries, Bulgaria and Romania proved to be unsustainable in hindsight. These countries 

experienced intense capital inflow before the crisis, while they accumulated high external and 

internal imbalances in the form of large current account deficits, housing and credit bubbles 

(Becker et al., 2010). Thus their severe recession can be regarded as a natural correction of the 

overheated economies. Both the governments and foreign investors have learned the lessons, 

which render it implausible that the inflow of foreign capital will recover to the pre-crisis level. 

This would result in slower capital accumulation and hence in slower economic growth ceteris 

paribus. The modest recovery of Central Eastern Europe compared with the other emerging 

regions of the world (i.e., Latin-America and East-Asia) confirms this suspicion.  

Second, the high speed of neoclassical convergence in the last two decades implies that the 

CEE economies have probably already entered the second half of their conditional convergence 

with respect to physical capital. The latter is easy to recognize if one calculates the half-life time 
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of convergence in the frame of the Solow model. According to eq.(3.8) and the estimated speed 

of convergence, this half-life time is maximum 12-13 years in the case of the CEE economies. 

Consequently, the accumulation of physical capital will peter out in the not so distant future.  

As regards to the future growth prospects, the decreasing population in many CEE countries is 

worrisome. This was the main inspiration of chapter 4, which investigated the ‘population – 

economic growth’ relationship in the frame of growth theory. According to the neoclassical 

growth model, decreasing population is advantageous, because it fosters capital deepening and 

hence raises the steady-state level of output. Endogenous idea-based growth models deliver 

however contradictory predictions on the effect of population growth depending on the 

underlying model type. Second generation idea-based growth models predict zero long run 

growth in the absence of population growth, while third generation models predict the neutrality 

of long run growth with respect to population growth. Recent empirical observations tend to 

support third-generation models vis-a-vis second-generation ones. However, third generation 

models use a fragile framework by severely restricting the knowledge spillover space. In these 

models inter-firm knowledge spillovers are omitted from the R&D process, which is not realistic 

and which has far reaching consequences with regard to their predictions. The fourth thesis is 

related to the latter:  

 

4. If third-generation idea-based growth models incorporate inter-firm knowledge spillovers 

into the R&D process, their predictions become inconsistent with the empirical observations. 

This calls severely in question the relevance of third generation idea-based growth models.  

(Dombi, 2013c)                

 

The fourth thesis implies, that third generation models are not necessarily preferable to second 

generation ones. Thus we cannot draw any strict conclusion on the ‘population – economic 

growth’ relationship according to idea-based growth models. Although the scrutiny of these 

models suggests that population growth might be crucial for positive steady-state growth, the 

demographic processes of the CEE countries are probably not relevant from this point of view 

since the predictions of idea-based growth models are more adequate for large countries – or 

regions – than for small, open ones.         
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To sum up, neither the neoclassical growth model nor the endogenous idea-based growth 

models alarm against the demographic catastrophe toward which some CEE countries are 

approaching. However, this does not mean that decreasing population cannot harm economic 

growth in the long run. As the share of working age population diminishes due to the ageing of 

population, both the investment rate and the saving rate are expected to decrease because of the 

probable rise of taxes and the lower saving propensity of the elderly. The latter induces slower 

capital accumulation and hence slower technology development at the same time. Consequently, 

there is an indirect negative feedback from population decrease to steady-state growth (output).        
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Appendix 1: Estimation of the initial capital stock 
 

Regression Approach I 
 

Dependent Variable: ∆lnK  
Total panel (balanced) observations: 208, Method: Panel Two-Stage EGLS (Period SUR) 
Linear estimation after one-step weighting matrix, Instrument list: t-1 t-1 USA t-1lnY  , lnL  , (y / y)∆ ∆  
 

Variable Coefficient Std. Error t-Statistic Prob. 
     
     ∆lnY 1.4831 0.0828 17.9078 0.000 

∆lnL 0.4292 0.1629 2.635 0.009 
 (yUSA/y)(t-1) -0.0339 0.0076 -4.4616 0.000 

 
Weighted Statistics  Unweighted Statistics 

         

R-squared  0.3307 Mean dependent var. 1.4426  R-squared -0.3376 Mean dependent var. 0.1904 
Adjusted R-squared  0.3241 S.D. of dependent var. 1.8496  Sum of squared resid.  3.1842 Durbin-Watson stat. 2.2447 
S.E. of regression  1.1554 Sum of squared resid. 273.682      
Durbin-Watson stat.  1.8938 Second-Stage SSR 168.138      
Instrument rank  4.0000        
 

Notes: The sample consists of 26 countries (i.e., Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, 
Denmark, Finland, France, Greece, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, Netherlands, New Zealand, 
Norway, Portugal, Spain, Sweden, Switzerland, Turkey, UK) and 8 periods (i.e., the quinquennial periods between 
1970 and 2005). We calculated the capital stock in accordance with eq.(2.11) and with initial year 1950/1951, 

0.06δ = , and K0, which was estimated by using the Harberger approach. HL Q H= , where QH is calculated with the 

growth theory approach. For the sources of the data, see section 2.2.2.2. 
 
 
Panel unit root tests: Summary  
 

 Series 
Method   ∆lnK   ∆lnY   ∆lnL (yUSA/y)(t-1) 
Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* 0.000 0.000 0.000 0.216 
 

Null: Unit root (assumes individual unit root process)  

ADF - Fisher Chi-square 0.000 0.000 0.000 0.449 

Notes: The table contains the p-values of the respective tests on the individual series. Probabilities for Fisher test are 
computed using an asymptotic Chi-square distribution. The Levin, Lin & Chu test assumes asymptotic normality. 
The ADF specification of the individual processes was determined without any exogenous variables and with 
automatic lag length selection. For the description of the individual methods, see Baltagi (2005). 
 
Instrument relevance: the Godfrey-Shea(GS) indeces  
 

Instrument list: ∆lnYt-1 , ∆lnLt-1 , (yUSA/y)t-1  (one period lag: t-1, n=208): 
  

      GS_∆lnY =  [(0.050023/0.119008)*(0.108837/0.081627)]^2=0.314103 
      GS_∆lnL = [(0.072760/0.238764)*(0.108837/0.081627)]^2=0.165095 
      GS_(yUSA/y)t-1 = [(0.004530/0.010726)*(0.108837/0.081627)]^2=0.317107 
 
Instrument list: ∆lnYt-2 , ∆lnLt-2 , (yUSA/y)t-2  (two period lag, t-2, n=182): 
 

     GS_∆lnY =  [(0.056641/0.123937)*(0.091114/0.079328)]^2=0.275535      
     GS_∆lnL =  [(0.080123/0.289813)*(0.091114/0.079328)]^2=0.100831      
     GS_(yUSA/y)t-1 = [(0.004637/0.010009)*(0.091114/0.079328)]^2=0.283146 
 

Notes: The calculations run as follows:  2 2( / )( / )j j
j OLS TSLS TSLS OLSGS v v se se= , where v is the squared value of the standard 

error of the j parameter in the corresponding regression, se is the standard error of the corresponding regression and 
the sub-index refers to the estimator. For further discussion of the method, see Godfrey (1999). 
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Regression Approach II 
 

The non-linear regression: 
t

1 B 2 C 3 E 4 H 5 LV 6 LT 7 P 8 R 9 SK 10 SN 11 t-1lnY=0.5 ln [( D + D + D + D + D + D + D + D + D + D )0.9 +NI]+0.5 lnL+ ( /y)GERyβ β β β β β β β β β β∆ ∆ ∆
 
Method: Panel EGLS (Period SUR), Total panel (balanced) observations: 100 
Iteration of coefficients after one-step weighting matrix, Convergence achieved after 26 iterations 
 

 Coefficient Std. Error t-Statistic Prob. 
     
       β1 (=K1995, BRG ) 7.88E+10 9.34E+09 8.436 0.000 

  β2 (=K1995, CZ ) 3.37E+11 1.69E+10 19.925 0.000 
  β3 (=K1995, EST ) 1.57E+10 9.38E+08 16.756 0.000 
  β4 (=K1995, HUN ) 1.98E+11 1.08E+10 18.303 0.000 
  β5 (=K1995, LVA ) 2.35E+10 1.87E+09 12.554 0.000 
  β6 (=K1995, LTU ) 2.75E+10 1.94E+09 14.154 0.000 
  β7 (=K1995, POL ) 4.92E+11 3.05E+10 16.129 0.000 
  β8 (=K1995, ROM ) 2.58E+11 2.93E+10 8.802 0.000 
  β9 (=K1995, SVK ) 8.12E+10 4.32E+09 18.801 0.000 
  β10 (=K1995, SVN ) 5.64E+10 2.27E+09 24.898 0.000 
  β11 0.003972 0.000924 4.299 0.000 
 

Weighted Statistics  Unweighted Statistics 
         

R-squared  0.9618    Mean dependent var. 5.6884  R-squared  0.3999   Mean dependent var. 0.0423 
Adjusted R-squared  0.9575    S.D. of dependent var. 9.6092  Sum of squared resid.  0.0691   Durbin-Watson stat. 1.3879 
S.E. of regression  1.0047    Sum of squared resid. 89.8364      
Durbin-Watson stat.  2.0034        
 

Notes: The sample consists of the 10 CEE countries with annual observations (1996-2005). 
jD  is the dummy 

variable, and HL Q H=  , where QH is calculated according to the growth theory approach. NI is the investments 

accumulated since 1996, with 0.1δ = . For the sources of the data, see section 2.2.2.2. The starting values of 
jβ  

were the following: 1.5 1,3,5,6,7,8j jY jβ = =  and 2 2, 4,9,10j jY jβ = = . The starting value of β11 was 0.004466, 

which we obtained by estimating a restricted version of the non-linear regression through GLS. Note that, 

11 (1 )β α ϕ= − . 

 
 
Panel unit root tests: Summary  
 

 Series 
Method   ∆lnY   ∆lnL (yGER/y)(t-1) 
Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* 0.009 0.000 0.000 
 

Null: Unit root (assumes individual unit root process)  

ADF - Fisher Chi-square 0.154 0.000 0.000 

Notes:  
The table contains the p-values of the respective tests on the individual series. Probabilities for Fisher test are 
computed using an asymptotic Chi-square distribution. The Levin, Lin & Chu test assumes asymptotic normality. 
The ADF specification of the individual processes was determined without any exogenous variables and with 
automatic lag length selection. For the description of the individual methods, see Baltagi (2005). 
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Appendix 2: The proof of the negative relationship between λt and ϒt  

 

Differentiating eq(3.7) according to ϒt we arrive at the following83:        

 

(A2.1)  ( )
( )

1 α 1

α α

2

α 1 1
  ln ( 1)

αα n g δ
ln

d

d

λ
−−− ϒ ϒ −

ϒ
ϒ −

= − + +
ϒ ϒ

 . 

 

As the denominator in (A2.1) is positive, the sign of /d dλ ϒ  depends on the numerator, which 

can be rewritten as: 

 

     (A2.2)     

( ) ( )

( )

1 α 1 1 1 α 1

α α α α α

α 1

α
1

1 α

α

1 1
   α n g δ   ln α n g δ  ln 1

ln 1
  α n g δ  1 .

− − −− −

−

−
−

    
− + + ϒ ϒ − ϒ + = − + + ϒ ϒ − + =     ϒ    

ϒ −= − + + ϒ +

ϒ

 
 
 
 ϒ 

 

 

The 1( )n gα δ −− + + ϒ  term is negative in the last equation, thus the sign of (A2.2) is negative if 

the expression in the parenthesis is positive: 

 

 (A2.3)      

1 α

α

1 α

α

ln 1 ln 1
1 1

x

x

−

−
ϒ + +− = −
ϒ

 ,  where ( )1- /x α α= ϒ .  

 

If the ratio in (A2.3) is smaller than one, (A2.3) is positive. Figure A2.1 compares ( ) ln 1f x x= +  

with ( )g x x= . As ( ) ( )g x f x> , (A2.3) is positive and thus (A2.2) is negative, except in 1x = , 

where ( ) ( )g x f x= . Note that 1x =  is the steady-state. Consequently, the derivative in (A2.1) is 

negative ( / 0d dλ ϒ < ) throughout the transition path (i.e., 1ϒ ≠ ).       

 

                                                 
83 The t time-indexes are neglected throughout this appendix so as to simplify notation.   
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   Figure A2.1 Comparison of g(x) with f(x) 
 
 
 
 
 
 
 
 
 
 

1 

g(x) =  x 

x = 1 

f(x)  =  lnx + 1 

x 
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Appendix 3: The derivation of equations (3.8) and (3.9) 

 

The speed at which a stationary ̂ln ty  variable converges to its constant BGP value (ˆln y∗ ) is by 

definition ˆ ˆ ˆ( ln / ) / (ln ln )t t td y dt y yλ ∗= − − . This formula is a first-order linear differential equation in 

ˆln ty  with a varying coefficient. In order to simplify notation, consider the following: ˆlnt tx y=  

and ˆlnx y∗ ∗= . Thus the above differential equation can be rewritten as  

 

(A3.1)  t t t tx x xλ λ ∗+ =ɺ  ,  where tx dx dt=ɺ . 

 

The solution of first-order linear differential equations with varying coefficient is presented in 

Gandolfo (2009, pp.429-431), according to which the solution of (A3.1) is   

 

(A3.2)  

0 0 0

0 0 0

0 0

0 0
    . 

t t v

v v z

t t v

v v z

tdv dv dz

t v

tdv dv dz

v

x x e e x e dv

x e x e e dv

λ λ λ

λ λ λ

λ

λ

− − ∗

− −∗

∫ ∫ ∫= ⋅ + =

 ∫ ∫ ∫= ⋅ + ⋅  
 

∫

∫
 

 

Considering that 
0

0 0 0 0 0

0
0

1
v v t t

z z z z z

t
t dz dz dz dz dz

ve dv e e e e
λ λ λ λ λ

λ  ∫ ∫ ∫ ∫ ∫= = − = − 
 

∫ , eq.(A3.2) simplifies to 

the following: 

 

(A3.3)  0 0
0 (1 )

t t

v vdv dv

tx x e x e
λ λ− −∗∫ ∫= ⋅ + ⋅ −  .  

 

Equation (A3.3) is equivalent to equations (3.8)-(3.9). 
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Appendix 4: The dynamics of the capital-output ratio revisited 

 

This appendix complements the results of McQuinn and Whelan (2007) on the dynamics of the 

capital-output ratio in two respects. First, we derive the real speed of convergence of the logged 

capital-output ratio. Second, we demonstrate that the latter equals the real speed of the 

neoclassical convergence outlined in eq.(3.7). McQuinn and Whelan investigate the dynamics of 

ln( / )K Y  only in the vicinity of the BGP.84 Consequently, their result on the speed of 

convergence of ln( / )K Y  is valid only in the limit (ln / ln 1)tX X∗ → . Therefore both issues are 

real contributions to the topic.  

 First, we review some basic implications regarding the capital-output ratio and its dynamics. 

We neglect the t time-indexes when no confusion emerges. We assume that the Solow model 

presented in section 3.2 holds.  

After some manipulation of the capital-output ratio we obtain the followings:  

 

(A4.1)   1
ˆ/ ˆ
ˆ/

K K AL k
X k

Y Y AL y
α−= = = =  . 

 

According to eq.(A4.1), eq.(3.3) and eq.(3.5), the steady state capital-output ratio is as follows: 

 

(A4.2)   1ˆ( )
s

X k
n g

α

δ
∗ ∗ −= =

+ +
 . 

 

The differentiation of lnX over time results in the followings: 

 

(A4.3)   ln (1 ) (1 )
X K Y K A L s

X g n
X K Y K A L X

α α δ
   = = − = − − − = − − − −   

  

ɺɺ ɺ ɺ ɺ ɺ
ɺ  . 

 

Now we can determine the real speed of convergence of lnX based on eq.(A4.3):    

 

                                                 
84 See, eq.(13) in their paper. 



 

106 

(A4.4)   
( )(1 ) /ln /

ln ln ln ln
tt

t
t t

s X g nd X dt

X X X X

α δ
λ ∗ ∗

− − − −
= =

− −
 . 

 

To demonstrate that the convergence speed of the logged capital-output ratio equals the 

neoclassical speed of convergence, we have to substitute for s in eq.(A4.4) according to eq.(A4.2) 

and then for X according to eq.(A4.1):     

 

  (A4.5)   

1
1

( ) 1(1 )( ) 1

ln( / ) ln

t
t

t
t t

X
n gn g

X

X X

αα δα δ
λ

∗ −

∗

   − + + ϒ −− + + −   
   = − =

ϒ
 

 

The second expression in eq.(A4.5) is the same as the one in eq.(3.7). This implies that in 

eq.(3.14), which is the solution of eq.(A4.4), the β parameter has the content outlined in eq.(3.8) 

and eq.(3.9).      
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Appendix 5: System GMM estimation  

 

The results of the system GMM estimation of eq.(3.16) are presented in the table below. For the 

4-year sample we do not conduct the estimation because of the scarce time-observations. Both the 

1-step and the 2-step GMM results are presented. Although asymptotic efficiency supports the 2-

step estimation in case of non-spherical disturbances, the small sample precludes us to prefer 

either of them per se. The p-values at the 2-step estimations are based on the corrected standard 

errors of Windmeijer (2005). In order to avoid biases from endogeneity we drop wi from the 

instrument list and consider only the lagged values of ˆln y  and ˆln y∆ . Furthermore, we choose 

the lags so that the instruments are valid in the presence of classical measurement error as well 

(Bond et al., 2001). More precisely we exploit the following moment conditions: , ,ˆln i t s i tE y ε− ∆   

and , 2 ,ˆln i t i tE y ε− ∆   with 4t ≥  and 3s≥ . At the annual sample the 3 6s≤ ≤  constraint is set to 

limit the number of moment conditions. 

  
 
      System GMM estimation of eq.(3.16) 

 Annual 3-year 
 1-step  

GMM-SYS  
2-step 

GMM-SYS  
1-step  

GMM-SYS  
2-step 

GMM-SYS  
β 0.9487 1.0248 0.7903 0.9121 
 (0.000) (0.000) (0.000) (0.000) 
ψ 0.0419 -0.0968 0.141 0.076 
 (0.066) (0.691) (0.104) (0.294) 

λ  0.0527 -- 0.0784 0.0307 
(1-α) 0.5503 -- 0.598 0.5363 

Sample-size 100 100 20 20 
Sargan-test 0.589 1.00 0.631 0.572 

 

Notes: P-values are in brackets. At the 2-step estimator the p-values are calculated according  
     to the corrected standard errors of Windmeijer (2005). At the Sargan-test the p-values are publicized. 
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Table A1. The efficiency multiplier of labor, the capital-output ratio and the accounting decomposition 
 

   HQ  

(GT) 

HQ  

(GA) 
K/Y sL

 

Growth Accounting (%) 
 

Development Accounting I. 
 

Development Accounting II. 

∆lnY Contr 
of K' 

Contr 
of L 
(GT) 

Contr 
of L 
(GA) 

∆lnMFP 
(GT) 

∆lnMFP 
(GA) 

lnY/H Contr 
of 

K/H 

Contr 
of QH 
(GT) 

Contr 
of QH 
(GA) 

lnMFP 
(GT) 

lnMFP 
(GA) 

R_Y/H Contr of 
R_K/H 

Contr of 
R_QH 

(GT) 

Contr of 
R_QH 

(GA) 

Contr of 
R_MFP 

(GT) 

Contr of 
R_MFP 
(GA) 

B
u

lg
ar

ia
 

1995 2.71  1.48 0.54       2.17 1.17 0.54  0.46  0.23 0.39 0.98  0.60  
1996 2.72  1.57 0.48 -12.8 -3.1 1.5  -11.3  2.01 1.27 0.48  0.26  0.19 0.35 0.98  0.57  
1997 2.73  1.56 0.46 -4.7 -2.9 -1.3  -0.5  2.00 1.33 0.46  0.21  0.19 0.32 0.98  0.59  
1998 2.74 1.46 1.49 0.53 4.2 -0.1 -2.0  6.3  2.08 1.16 0.54 0.20 0.38 0.72 0.20 0.36 0.97 0.97 0.58 0.58 
1999 2.75 1.47 1.48 0.50 1.6 0.4 -1.5 -1.0 2.7 2.3 2.13 1.26 0.51 0.19 0.37 0.68 0.21 0.35 0.97 0.98 0.62 0.61 
2000 2.76 1.49 1.42 0.47 6.0 1.1 -1.8 -1.6 6.8 6.6 2.23 1.37 0.48 0.19 0.39 0.68 0.22 0.35 0.97 0.98 0.67 0.66 
2001 2.78 1.54 1.43 0.48 3.8 2.2 0.2 1.6 1.5 0.1 2.27 1.35 0.50 0.21 0.42 0.71 0.23 0.36 0.96 1.00 0.68 0.65 
2002 2.79 1.53 1.41 0.47 5.7 2.2 0.3 -0.2 3.2 3.7 2.33 1.41 0.48 0.20 0.43 0.71 0.24 0.35 0.95 1.00 0.73 0.69 
2003 2.80 1.53 1.42 0.47 4.6 3.2 1.3 1.0 0.2 0.5 2.35 1.43 0.48 0.20 0.43 0.72 0.24 0.35 0.94 1.00 0.74 0.70 
2004 2.81 1.52 1.45 0.46 5.2 3.9 2.0 1.8 -0.7 -0.4 2.36 1.49 0.47 0.19 0.40 0.68 0.25 0.35 0.93 0.99 0.76 0.71 
2005 2.83 1.53 1.51 0.43 6.4 5.6 1.2 1.3 -0.5 -0.5 2.40 1.59 0.45 0.18 0.36 0.63 0.25 0.35 0.92 1.00 0.79 0.73 
2006 2.83 1.54 1.62 0.42 5.2 6.9 1.4 1.5 -3.1 -3.1 2.43 1.68 0.44 0.18 0.31 0.57 0.25 0.36 0.92 1.00 0.77 0.71 
2007 2.84 1.54 1.75 0.44 5.6 7.7 1.4 1.4 -3.6 -3.6 2.45 1.68 0.46 0.19 0.31 0.58 0.26 0.38 0.92 1.00 0.73 0.67 

C
ze

ch
 R

ep
. 

1995 3.33  2.04 0.50       2.67 1.70 0.60  0.38  0.39 0.54 1.10  0.64  
1996 3.35  2.07 0.51 4.8 3.0 0.7  1.2  2.72 1.68 0.62  0.42  0.39 0.55 1.10  0.65  
1997 3.36  2.16 0.52 -0.4 1.9 0.5  -2.8  2.71 1.68 0.63  0.40  0.38 0.55 1.10  0.63  
1998 3.38 1.41 2.24 0.50 -0.6 1.5 -0.4  -1.7  2.71 1.75 0.61 0.17 0.35 0.79 0.38 0.55 1.09 0.96 0.63 0.71 
1999 3.40 1.42 2.26 0.50 1.3 1.1 -0.7 -0.6 0.9 0.8 2.75 1.77 0.62 0.18 0.36 0.80 0.38 0.56 1.09 0.96 0.63 0.71 
2000 3.42 1.42 2.25 0.51 3.8 1.6 0.1 0.1 2.0 2.1 2.79 1.77 0.62 0.18 0.39 0.84 0.39 0.57 1.09 0.96 0.63 0.71 
2001 3.46 1.43 2.26 0.51 2.9 1.8 -1.4 -1.9 2.6 3.1 2.86 1.79 0.64 0.18 0.43 0.88 0.41 0.59 1.08 0.96 0.65 0.73 
2002 3.51 1.43 2.30 0.53 2.2 1.8 0.4 -0.1 0.0 0.5 2.88 1.76 0.66 0.19 0.47 0.94 0.42 0.60 1.07 0.97 0.66 0.73 
2003 3.56 1.44 2.29 0.54 3.4 1.4 0.1 -0.5 1.9 2.5 2.93 1.72 0.69 0.20 0.52 1.01 0.44 0.61 1.07 0.96 0.68 0.75 
2004 3.61 1.45 2.28 0.53 4.3 1.8 1.1 0.7 1.4 1.8 2.97 1.80 0.67 0.19 0.50 0.98 0.45 0.60 1.06 0.96 0.70 0.77 
2005 3.66 1.45 2.22 0.53 6.0 1.5 1.6 1.1 2.8 3.3 3.01 1.80 0.68 0.20 0.52 1.01 0.46 0.60 1.05 0.97 0.73 0.80 
2006 3.62 1.46 2.17 0.53 6.3 2.0 0.4 1.0 3.9 3.3 3.06 1.82 0.68 0.20 0.56 1.04 0.47 0.60 1.04 0.97 0.75 0.80 
2007 3.59 1.46 2.14 0.52 5.8 2.1 0.6 1.1 3.1 2.6 3.09 1.84 0.67 0.20 0.59 1.06 0.49 0.61 1.04 0.97 0.77 0.82 

E
st

o
n

ia
 

1995 3.13  1.56 0.56       2.19 1.16 0.64  0.40  0.24 0.41 1.07  0.54  
1996 3.17  1.62 0.54 3.8 3.2 -0.6  1.2  2.26 1.26 0.62  0.37  0.25 0.41 1.07  0.56  
1997 3.22  1.62 0.52 9.7 4.7 0.9  4.2  2.35 1.35 0.61  0.39  0.27 0.42 1.07  0.60  
1998 3.27 1.61 1.72 0.52 3.3 4.3 -0.1  -0.9  2.40 1.41 0.62 0.25 0.37 0.74 0.28 0.43 1.07 1.03 0.60 0.62 
1999 3.32 1.62 1.81 0.51 -0.6 2.3 -0.7 -1.4 -2.3 -1.6 2.42 1.49 0.61 0.24 0.33 0.69 0.28 0.44 1.07 1.03 0.59 0.61 
2000 3.37 1.62 1.77 0.50 9.4 3.6 0.0 -0.6 5.8 6.3 2.53 1.56 0.60 0.24 0.37 0.73 0.30 0.45 1.08 1.03 0.62 0.65 
2001 3.38 1.61 1.81 0.49 5.7 3.9 0.3 -0.2 1.5 2.0 2.59 1.64 0.59 0.23 0.36 0.72 0.32 0.46 1.06 1.03 0.65 0.67 
2002 3.38 1.62 1.84 0.48 8.3 5.0 0.9 1.0 2.4 2.3 2.65 1.69 0.59 0.23 0.37 0.73 0.34 0.47 1.05 1.04 0.68 0.69 
2003 3.39 1.62 1.89 0.49 7.8 5.6 0.9 0.7 1.4 1.5 2.72 1.72 0.59 0.23 0.40 0.76 0.35 0.49 1.04 1.03 0.70 0.71 
2004 3.40 1.64 1.96 0.49 7.1 5.5 0.4 0.7 1.2 0.9 2.78 1.76 0.60 0.24 0.42 0.78 0.37 0.51 1.02 1.03 0.72 0.72 
2005 3.41 1.67 1.97 0.48 9.8 5.2 1.4 2.2 3.1 2.4 2.85 1.83 0.59 0.25 0.43 0.77 0.40 0.51 1.01 1.04 0.76 0.74 
2006 3.42 1.65 2.06 0.48 7.9 6.4 2.5 2.0 -0.9 -0.5 2.88 1.87 0.59 0.24 0.42 0.77 0.40 0.53 1.01 1.04 0.74 0.72 
2007 3.43 1.65 2.13 0.51 8.6 6.0 0.5 0.1 2.1 2.4 2.96 1.81 0.63 0.26 0.52 0.89 0.43 0.57 1.01 1.04 0.74 0.73 
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Table A1. (Cont.) 

   HQ  

(GT) 

HQ  

(GA) 
K/Y sL 

Growth Accounting (%) 
 

Development Accounting I. 
 

Development Accounting II. 

∆lnY Contr 
of K' 

Contr 
of L 
(GT) 

Contr 
of L 
(GA) 

∆lnMFP 
(GT) 

∆lnMFP 
(GA) 

lnY/H Contr 
of 

K/H 

Contr 
of QH 
(GT) 

Contr 
of QH 
(GA) 

lnMFP 
(GT) 

lnMFP 
(GA) 

R_Y/H Contr of 
R_K/H 

Contr of 
R_QH 

(GT) 

Contr of 
R_QH 

(GA) 

Contr of 
R_MFP 

(GT) 

Contr of 
R_MFP 
(GA) 

H
u

n
ga

ry
 

1995 3.08  1.78 0.56       2.59 1.41 0.62  0.56  0.35 0.51 1.06  0.65  
1996 3.11  1.82 0.54 1.2 1.4 0.5  -0.7  2.60 1.46 0.62  0.53  0.35 0.51 1.06  0.65  
1997 3.14  1.81 0.54 4.7 2.0 1.2  1.5  2.64 1.49 0.62  0.53  0.36 0.50 1.06  0.67  
1998 3.18 1.43 1.83 0.53 5.7 3.1 1.4  1.2  2.68 1.55 0.61 0.19 0.52 0.94 0.37 0.51 1.06 0.96 0.68 0.75 
1999 3.21 1.46 1.88 0.52 4.3 3.2 2.4 2.8 -1.3 -1.7 2.69 1.60 0.60 0.19 0.49 0.90 0.36 0.51 1.06 0.98 0.68 0.73 
2000 3.25 1.44 1.92 0.54 4.9 3.5 1.1 0.1 0.3 1.4 2.73 1.55 0.64 0.20 0.54 0.98 0.37 0.53 1.06 0.97 0.66 0.72 
2001 3.26 1.44 1.97 0.53 3.3 2.6 -1.2 -1.3 1.9 2.1 2.79 1.64 0.62 0.19 0.52 0.95 0.39 0.54 1.05 0.97 0.69 0.74 
2002 3.27 1.45 1.97 0.53 4.4 2.1 0.4 0.3 1.9 1.9 2.83 1.64 0.63 0.20 0.55 0.99 0.40 0.54 1.03 0.97 0.71 0.75 
2003 3.29 1.47 1.97 0.53 4.2 2.0 -0.5 0.0 2.6 2.2 2.88 1.66 0.64 0.20 0.59 1.02 0.42 0.55 1.02 0.97 0.74 0.77 
2004 3.30 1.49 1.97 0.53 4.6 2.2 -0.2 0.4 2.6 2.0 2.93 1.70 0.63 0.21 0.60 1.02 0.44 0.56 1.01 0.98 0.77 0.80 
2005 3.31 1.50 1.97 0.54 3.8 1.6 0.1 0.1 2.0 2.0 2.97 1.70 0.64 0.22 0.64 1.06 0.45 0.56 0.99 0.98 0.80 0.81 
2006 3.32 1.50 1.95 0.53 3.7 1.2 0.3 0.4 2.2 2.1 3.01 1.75 0.63 0.21 0.63 1.05 0.45 0.56 1.00 0.99 0.81 0.81 
2007 3.33 1.51 1.97 0.52 1.5 1.4 -0.1 -0.1 0.3 0.2 3.03 1.77 0.63 0.21 0.63 1.05 0.46 0.57 1.00 0.99 0.81 0.81 

L
at

vi
a 

1995 2.69  1.56 0.52       2.02 1.19 0.51  0.32  0.20 0.36 0.98  0.56  
1996 2.70  1.53 0.54 2.5 0.2 -0.8  3.1  2.06 1.15 0.54  0.38  0.20 0.37 0.98  0.56  
1997 2.71  1.44 0.55 8.0 0.8 2.7  4.5  2.10 1.11 0.55  0.44  0.21 0.36 0.97  0.58  
1998 2.73 1.48 1.47 0.53 5.1 3.2 0.3  1.6  2.15 1.19 0.53 0.21 0.43 0.75 0.22 0.36 0.97 0.98 0.61 0.60 
1999 2.74 1.49 1.52 0.52 2.8 3.1 -0.6 -0.4 0.3 0.1 2.19 1.25 0.53 0.21 0.42 0.74 0.22 0.37 0.97 0.99 0.62 0.60 
2000 2.75 1.50 1.52 0.49 6.1 2.9 1.9 1.9 1.3 1.3 2.22 1.35 0.49 0.20 0.38 0.67 0.22 0.36 0.97 0.99 0.63 0.62 
2001 2.79 1.49 1.54 0.47 7.2 4.7 0.9 0.0 1.6 2.5 2.28 1.45 0.48 0.19 0.36 0.65 0.23 0.36 0.96 0.98 0.67 0.65 
2002 2.82 1.50 1.58 0.45 5.9 4.6 0.9 1.0 0.4 0.4 2.34 1.54 0.47 0.18 0.33 0.61 0.24 0.37 0.95 1.00 0.70 0.67 
2003 2.85 1.48 1.65 0.46 6.3 5.7 1.1 -0.3 -0.5 0.9 2.39 1.56 0.48 0.18 0.34 0.64 0.25 0.38 0.95 0.98 0.70 0.68 
2004 2.89 1.51 1.73 0.46 7.7 6.7 0.4 0.7 0.6 0.2 2.47 1.64 0.48 0.19 0.34 0.64 0.27 0.40 0.94 0.98 0.73 0.69 
2005 2.93 1.52 1.76 0.48 9.8 6.2 2.1 1.9 1.5 1.7 2.53 1.63 0.51 0.20 0.40 0.71 0.29 0.42 0.93 0.99 0.74 0.69 
2006 2.94 1.52 1.80 0.50 10.3 6.5 2.2 1.9 1.6 1.9 2.60 1.60 0.54 0.21 0.46 0.79 0.30 0.44 0.93 1.00 0.73 0.68 
2007 2.96 1.53 1.86 0.53 9.2 6.1 1.4 1.4 1.7 1.7 2.67 1.55 0.57 0.22 0.54 0.89 0.32 0.47 0.94 1.00 0.72 0.68 

L
ith

u
an

ia
 

1995 2.73  1.35 0.46       2.29 1.40 0.46  0.43  0.26 0.36 0.99  0.73  
1996 2.74  1.29 0.49 5.7 0.6 0.6  4.5  2.33 1.32 0.49  0.52  0.27 0.37 0.99  0.74  
1997 2.75  1.25 0.51 8.1 2.7 0.5  4.9  2.41 1.30 0.51  0.60  0.28 0.37 0.98  0.77  
1998 2.76 1.74 1.26 0.52 6.6 3.5 1.3  1.9  2.45 1.28 0.53 0.29 0.64 0.88 0.29 0.39 0.98 1.08 0.77 0.70 
1999 2.77 1.76 1.37 0.54 -3.4 2.4 -2.6 -2.4 -3.2 -3.4 2.47 1.29 0.55 0.30 0.63 0.88 0.29 0.41 0.97 1.08 0.74 0.66 
2000 2.78 1.76 1.36 0.49 4.2 1.6 1.4 1.4 1.1 1.2 2.49 1.42 0.50 0.28 0.56 0.79 0.29 0.39 0.97 1.08 0.77 0.69 
2001 2.81 1.58 1.34 0.48 6.7 2.5 -1.7 -7.7 5.9 11.9 2.60 1.52 0.49 0.22 0.59 0.87 0.32 0.40 0.96 1.02 0.84 0.79 
2002 2.85 1.55 1.32 0.48 6.9 3.1 1.5 0.2 2.3 3.5 2.65 1.52 0.51 0.21 0.63 0.92 0.34 0.40 0.96 1.01 0.87 0.82 
2003 2.88 1.56 1.32 0.49 9.2 4.4 1.2 0.9 3.5 3.8 2.73 1.53 0.52 0.22 0.68 0.98 0.36 0.42 0.95 1.01 0.91 0.86 
2004 2.92 1.58 1.36 0.50 6.7 5.2 1.2 1.2 0.3 0.3 2.79 1.56 0.53 0.23 0.69 1.00 0.38 0.43 0.94 1.01 0.93 0.86 
2005 2.95 1.61 1.39 0.49 7.1 4.4 3.5 3.8 -0.8 -1.1 2.80 1.59 0.53 0.23 0.68 0.98 0.38 0.43 0.94 1.02 0.94 0.85 
2006 2.97 1.62 1.40 0.51 7.1 3.9 0.8 0.7 2.3 2.4 2.86 1.57 0.55 0.24 0.74 1.05 0.39 0.44 0.94 1.03 0.93 0.85 
2007 2.99 1.64 1.41 0.50 7.8 4.4 2.3 2.5 1.1 0.8 2.90 1.62 0.55 0.25 0.73 1.03 0.40 0.45 0.94 1.03 0.95 0.86 
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Table A1. (Cont.) 

   HQ  

(GT) 

HQ  

(GA) 
K/Y sL 

Growth Accounting (%) 
 

Development Accounting I. 
 

Development Accounting II. 

∆lnY Contr 
of K' 

Contr 
of L 
(GT) 

Contr 
of L 
(GA) 

∆lnMFP 
(GT) 

∆lnMFP 
(GA) 

lnY/H Contr 
of 

K/H 

Contr 
of QH 
(GT) 

Contr 
of QH 
(GA) 

lnMFP 
(GT) 

lnMFP 
(GA) 

R_Y/H Contr of 
R_K/H 

Contr of 
R_QH 

(GT) 

Contr of 
R_QH 

(GA) 

Contr of 
R_MFP 

(GT) 

Contr of 
R_MFP 
(GA) 

P
o

la
nd

 

1995 2.74  1.57 0.57       2.49 1.27 0.57  0.64  0.32 0.47 0.99  0.68  
1996 2.75  1.55 0.58 6.3 2.1 0.8  3.4  2.54 1.25 0.59  0.70  0.33 0.48 0.99  0.70  
1997 2.76  1.56 0.58 7.0 3.0 1.8  2.3  2.58 1.26 0.59  0.73  0.34 0.48 0.98  0.71  
1998 2.77 1.39 1.60 0.58 5.0 3.4 0.8  0.8  2.62 1.31 0.59 0.19 0.72 1.12 0.35 0.49 0.98 0.95 0.73 0.75 
1999 2.79 1.41 1.66 0.57 4.6 3.3 -1.6 -1.3 2.9 2.5 2.70 1.38 0.58 0.19 0.74 1.12 0.37 0.50 0.98 0.96 0.75 0.77 
2000 2.80 1.42 1.71 0.55 4.1 3.1 -0.7 -0.5 1.7 1.5 2.76 1.47 0.57 0.19 0.72 1.10 0.38 0.52 0.97 0.96 0.76 0.77 
2001 2.81 1.43 1.76 0.57 0.8 1.7 6.0 6.2 -6.9 -7.1 2.66 1.39 0.59 0.20 0.69 1.07 0.34 0.50 0.96 0.96 0.71 0.70 
2002 2.81 1.44 1.78 0.55 1.2 1.1 -1.7 -1.3 1.8 1.4 2.71 1.49 0.56 0.20 0.65 1.01 0.35 0.50 0.95 0.97 0.75 0.73 
2003 2.82 1.47 1.76 0.53 3.9 1.2 -0.3 0.5 3.0 2.2 2.76 1.58 0.55 0.20 0.63 0.98 0.37 0.49 0.94 0.97 0.79 0.76 
2004 2.83 1.49 1.73 0.49 5.7 2.0 0.8 1.3 3.0 2.4 2.80 1.69 0.51 0.20 0.59 0.91 0.38 0.48 0.93 0.98 0.85 0.81 
2005 2.84 1.51 1.73 0.48 3.4 1.9 1.2 1.7 0.4 -0.2 2.81 1.74 0.50 0.20 0.57 0.88 0.38 0.48 0.92 0.99 0.87 0.81 
2006 2.85 1.52 1.71 0.47 6.3 2.6 1.6 1.9 2.1 1.8 2.85 1.79 0.49 0.20 0.56 0.86 0.38 0.47 0.92 1.00 0.88 0.82 
2007 2.86 1.53 1.71 0.46 7.0 3.7 2.1 2.2 1.2 1.2 2.87 1.82 0.49 0.20 0.56 0.85 0.39 0.47 0.92 1.00 0.90 0.83 

R
o

m
an

ia
 

1995 2.73  1.66 0.61       1.95 0.96 0.61  0.38  0.19 0.40 0.99  0.47  
1996 2.74  1.66 0.61 3.9 1.5 1.1  1.4  1.97 0.97 0.61  0.39  0.19 0.40 0.98  0.48  
1997 2.75  1.79 0.52 -6.2 0.8 -1.2  -5.8  1.94 1.21 0.53  0.20  0.18 0.36 0.98  0.50  
1998 2.76 1.30 1.86 0.65 -2.7 0.4 -1.4  -1.7  1.94 0.89 0.66 0.17 0.39 0.88 0.17 0.42 0.97 0.90 0.42 0.45 
1999 2.77 1.30 1.89 0.63 -2.0 -0.1 3.1 2.8 -5.0 -4.7 1.87 0.93 0.64 0.16 0.30 0.78 0.16 0.40 0.97 0.91 0.41 0.44 
2000 2.78 1.30 1.83 0.72 5.3 0.6 -0.2 -0.2 5.0 5.0 1.93 0.70 0.74 0.19 0.49 1.04 0.17 0.45 0.96 0.90 0.38 0.41 
2001 2.78 1.31 1.78 0.76 6.2 0.9 -0.7 -0.1 6.0 5.5 2.01 0.61 0.78 0.21 0.61 1.19 0.18 0.48 0.95 0.90 0.39 0.41 
2002 2.79 1.33 1.75 0.62 4.7 1.0 -6.7 -5.7 10.4 9.5 2.15 1.04 0.63 0.18 0.48 0.94 0.20 0.42 0.94 0.93 0.51 0.52 
2003 2.79 1.33 1.72 0.61 5.7 1.5 -0.9 -1.3 5.1 5.5 2.23 1.08 0.62 0.17 0.52 0.97 0.22 0.42 0.93 0.92 0.55 0.56 
2004 2.80 1.36 1.69 0.54 7.5 2.5 -0.6 0.4 5.6 4.6 2.31 1.30 0.56 0.16 0.46 0.85 0.23 0.40 0.92 0.93 0.64 0.63 
2005 2.81 1.37 1.70 0.59 4.3 2.3 -0.5 -0.2 2.6 2.2 2.37 1.19 0.61 0.18 0.57 0.99 0.24 0.43 0.90 0.93 0.64 0.62 
2006 2.82 1.38 1.72 0.56 6.9 3.4 1.1 1.5 2.4 2.0 2.42 1.31 0.58 0.18 0.53 0.93 0.25 0.42 0.91 0.94 0.66 0.63 
2007 2.83 1.38 1.79 0.57 5.4 4.2 0.7 0.6 0.5 0.5 2.47 1.32 0.59 0.18 0.56 0.96 0.26 0.43 0.91 0.94 0.66 0.63 

S
lo

va
k 

R
ep

. 

1995 3.21  1.76 0.43       2.61 1.82 0.50  0.29  0.36 0.47 1.08  0.72  
1996 3.20  1.77 0.44 7.8 4.9 0.0  2.9  2.68 1.82 0.51  0.35  0.38 0.48 1.07  0.74  
1997 3.20  1.83 0.46 5.7 4.7 -0.6  1.6  2.75 1.82 0.53  0.40  0.40 0.50 1.06  0.75  
1998 3.19 1.41 1.90 0.46 3.7 4.2 -1.0  0.6  2.81 1.87 0.53 0.16 0.41 0.78 0.42 0.52 1.06 0.96 0.76 0.83 
1999 3.19 1.42 1.98 0.44 -0.4 2.1 -1.2 -1.1 -1.2 -1.4 2.83 1.96 0.51 0.15 0.36 0.72 0.42 0.53 1.05 0.96 0.76 0.83 
2000 3.18 1.43 2.03 0.44 0.6 1.6 -0.8 -0.4 -0.2 -0.6 2.86 1.98 0.51 0.16 0.36 0.72 0.42 0.54 1.04 0.96 0.75 0.81 
2001 3.19 1.43 2.04 0.44 3.7 2.5 -0.3 -0.2 1.4 1.3 2.90 2.04 0.51 0.16 0.35 0.70 0.43 0.54 1.03 0.97 0.77 0.82 
2002 3.20 1.44 2.04 0.44 4.1 2.3 -1.2 -1.2 3.0 2.9 2.97 2.08 0.51 0.16 0.39 0.73 0.46 0.56 1.02 0.97 0.81 0.85 
2003 3.21 1.45 2.03 0.43 3.3 1.4 -0.8 -0.6 2.7 2.5 3.03 2.12 0.50 0.16 0.40 0.75 0.48 0.56 1.01 0.97 0.85 0.88 
2004 3.22 1.46 2.00 0.42 5.3 2.2 1.4 1.6 1.7 1.5 3.05 2.17 0.49 0.16 0.39 0.72 0.49 0.56 0.99 0.97 0.89 0.91 
2005 3.23 1.48 1.99 0.43 6.1 3.3 1.5 1.9 1.3 1.0 3.08 2.16 0.50 0.17 0.42 0.76 0.50 0.56 0.98 0.98 0.91 0.91 
2006 3.23 1.48 1.95 0.42 7.8 3.5 0.7 0.8 3.6 3.5 3.14 2.20 0.49 0.17 0.44 0.77 0.51 0.56 0.98 0.98 0.93 0.93 
2007 3.23 1.48 1.91 0.42 8.5 3.5 0.9 0.7 4.2 4.4 3.21 2.24 0.49 0.16 0.47 0.80 0.54 0.57 0.98 0.98 0.97 0.97 
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Table A1. (Cont.) 

 

HQ  

(GT) 

HQ  

(GA) 
K/Y sL 

Growth Accounting (%) 
 

Development Accounting I. 
 

Development Accounting II. 

∆lnY Contr 
of K' 

Contr 
of L 
(GT) 

Contr 
of L 
(GA) 

∆lnMFP 
(GT) 

∆lnMFP 
(GA) 

lnY/H Contr 
of 

K/H 

Contr 
of QH 
(GT) 

Contr 
of QH 
(GA) 

lnMFP 
(GT) 

lnMFP 
(GA) 

R_Y/H Contr of 
R_K/H 

Contr of 
R_QH 

(GT) 

Contr of 
R_QH 

(GA) 

Contr of 
R_MFP 

(GT) 

Contr of 
R_MFP 
(GA) 

S
lo

ve
n

ia
 

1995 2.65  2.01 0.69       2.95 1.13 0.67  1.15  0.51 0.68 0.97  0.77  
1996 2.65  2.05 0.67 3.7 1.8 -1.5  3.5  3.01 1.24 0.65  1.12  0.53 0.68 0.96  0.81  
1997 2.65  2.07 0.65 5.5 2.3 -0.9  4.2  3.08 1.35 0.63  1.10  0.55 0.68 0.96  0.85  
1998 2.65 1.40 2.13 0.63 4.0 2.5 0.0  1.5  3.12 1.42 0.62 0.22 1.08 1.48 0.57 0.69 0.95 0.95 0.86 0.86 
1999 2.65 1.43 2.18 0.62 6.3 3.1 0.5 1.4 2.6 1.7 3.17 1.50 0.61 0.22 1.07 1.46 0.59 0.70 0.95 0.96 0.89 0.87 
2000 2.65 1.44 2.25 0.63 3.9 2.7 0.1 0.6 1.1 0.7 3.21 1.48 0.61 0.23 1.11 1.50 0.60 0.73 0.94 0.96 0.88 0.86 
2001 2.66 1.41 2.32 0.63 2.4 2.0 0.7 -0.7 -0.3 1.1 3.23 1.49 0.62 0.22 1.12 1.52 0.60 0.74 0.93 0.95 0.88 0.86 
2002 2.67 1.42 2.36 0.63 3.7 2.0 1.1 1.3 0.6 0.4 3.25 1.54 0.62 0.22 1.10 1.49 0.61 0.74 0.92 0.96 0.90 0.86 
2003 2.68 1.47 2.42 0.62 3.5 2.3 -0.7 1.0 1.9 0.3 3.30 1.59 0.61 0.24 1.10 1.47 0.63 0.75 0.90 0.97 0.93 0.87 
2004 2.70 1.48 2.46 0.62 5.0 2.5 0.9 1.0 1.6 1.5 3.34 1.61 0.62 0.24 1.12 1.49 0.66 0.76 0.89 0.97 0.96 0.88 
2005 2.71 1.49 2.50 0.62 3.8 2.2 0.2 0.6 1.5 1.0 3.38 1.65 0.61 0.25 1.12 1.49 0.67 0.77 0.88 0.98 0.99 0.88 
2006 2.72 1.51 2.51 0.61 6.1 2.4 0.1 0.6 3.7 3.1 3.45 1.70 0.61 0.25 1.14 1.49 0.70 0.79 0.89 0.99 1.00 0.89 
2007 2.73 1.52 2.52 0.60 7.4 3.1 1.6 1.5 2.8 2.8 3.50 1.76 0.60 0.25 1.13 1.48 0.73 0.80 0.89 0.99 1.02 0.91 

G
e

rm
an

y 

1995 2.78  3.06 0.60       3.63 1.90 0.61  1.11        
1996 2.81  3.09 0.60 0.6 0.7 -0.2  0.1  3.65 1.93 0.62  1.10        
1997 2.84  3.10 0.59 1.7 0.8 0.2  0.7  3.67 1.98 0.61  1.08        
1998 2.87 1.52 3.10 0.59 2.2 0.9 1.1  0.1  3.69 2.00 0.62 0.25 1.07 1.44       
1999 2.91 1.52 3.10 0.59 2.1 0.9 1.0 0.2 0.2 0.9 3.70 2.00 0.63 0.25 1.08 1.45       
2000 2.94 1.53 3.07 0.59 3.1 0.9 1.0 0.8 1.2 1.5 3.73 1.97 0.64 0.25 1.12 1.50       
2001 3.01 1.53 3.08 0.59 0.6 0.4 1.1 -0.5 -0.9 0.7 3.74 1.99 0.65 0.25 1.10 1.50       
2002 3.09 1.52 3.12 0.59 -0.8 0.1 0.6 -1.3 -1.5 0.4 3.75 2.02 0.66 0.25 1.07 1.48       
2003 3.17 1.54 3.16 0.59 -0.1 0.5 0.7 0.0 -1.3 -0.6 3.76 2.04 0.67 0.25 1.05 1.47       
2004 3.25 1.55 3.15 0.58 1.1 0.3 1.9 0.9 -1.1 -0.1 3.76 2.08 0.68 0.25 1.01 1.43       
2005 3.35 1.54 3.15 0.57 0.8 0.4 1.2 -0.8 -0.8 1.3 3.78 2.13 0.69 0.25 0.96 1.40       
2006 3.35 1.53 3.09 0.56 3.1 0.5 0.2 -0.2 2.5 2.8 3.81 2.19 0.67 0.24 0.95 1.38       
2007 3.34 1.54 3.05 0.55 2.6 0.6 0.9 1.0 1.1 0.9 3.82 2.24 0.66 0.23 0.92 1.34       

 
 
Notes: The index in the parentheses refers to the underlying method of the efficiency multiplier of labor: the Growth Theory Approach (GT) and the Growth 
Accounting Approach (GA). Growth Accounting was performed according to eq.(2.4). Development Accounting I. was performed according to eq.(2.7). 
Development Accounting II. was performed according to a converted version of eq.(2.5). At the conversion, we first subtracted ln(H/HG) from both sides of (2.5), 
and then we took its exponent. The results of the growth accounting are presented in percentage form (*100).  Because of rounding, the underlying equations may 
not be fully realized with the table’s data.  

K',t K',t-1 tContr of K'= (s +s )∆lnK /2 ,  
L,t L,t-1 tContr of L=(s +s )∆lnL /2, 

K'Contr of K/H=s ln(K/H), H H
LContr of Q =s lnQ , ( ) ( )G G

t t t tR_Y/H= Y /H Y /H , 

G
t tContr of R_MFP=(MFP / MFP ),  ( ) ( )( )

G
K',t K',ts +s

G G 2
t t t tContr of R_K/H= K H / K H  ,  ( )

G
L,t L,ts +s

H H H 2
t t,GContr of R_Q = Q Q  ,      where 

K' Ls =1-s  and G = Germany. 
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Table A2. The efficiency multiplier of labor and the capital-output ratio in case of the individual sensitivity scenarios 

 K/Y QH  (GT)    K/Y QH  (GT) 

Sens_1 Sens_2 Sens_3 Sens_4 Sens_5 Sens_6 Sens_7 Sens_8    Sens_1 Sens_2 Sens_3 Sens_4 Sens_5 Sens_6 Sens_7 Sens_8 

B
u

lg
a

ria
 

1995 1.47 1.47 1.60 1.60 1.47 1.50 2.51 2.75  

H
u

n
g

ar
y 

1995 1.78 1.78 1.86 1.86 1.69 1.84 2.89 3.02 
1996 1.60 1.64 1.74 1.77 1.57 1.60 2.52 2.76  1996 1.85 1.89 1.93 1.96 1.74 1.87 2.92 3.05 
1997 1.62 1.69 1.75 1.82 1.56 1.59 2.53 2.78  1997 1.88 1.94 1.94 2.01 1.74 1.85 2.95 3.08 
1998 1.58 1.67 1.69 1.79 1.49 1.51 2.54 2.79  1998 1.92 2.02 1.98 2.08 1.77 1.87 2.99 3.12 
1999 1.58 1.70 1.69 1.81 1.48 1.50 2.55 2.80  1999 1.99 2.11 2.04 2.17 1.83 1.91 3.02 3.15 
2000 1.54 1.67 1.63 1.77 1.42 1.44 2.56 2.81  2000 2.06 2.21 2.10 2.26 1.88 1.95 3.06 3.18 
2001 1.56 1.71 1.64 1.80 1.42 1.44 2.57 2.82  2001 2.12 2.30 2.16 2.34 1.93 1.99 3.07 3.19 
2002 1.55 1.71 1.62 1.79 1.40 1.42 2.59 2.84  2002 2.15 2.34 2.18 2.38 1.94 1.99 3.09 3.21 
2003 1.58 1.75 1.64 1.82 1.42 1.43 2.60 2.85  2003 2.17 2.38 2.20 2.42 1.94 1.99 3.10 3.22 
2004 1.61 1.80 1.67 1.86 1.45 1.46 2.61 2.86  2004 2.18 2.42 2.21 2.45 1.95 1.99 3.11 3.23 
2005 1.67 1.87 1.72 1.93 1.51 1.52 2.63 2.87  2005 2.19 2.45 2.22 2.48 1.95 1.98 3.13 3.25 
2006 1.79 1.99 1.83 2.04 1.62 1.62 2.63 2.88  2006 2.18 2.46 2.20 2.48 1.93 1.96 3.14 3.25 
2007 1.93 2.15 1.97 2.19 1.75 1.76 2.64 2.89  2007 2.23 2.52 2.24 2.55 1.96 1.98 3.14 3.26 

C
ze

ch
 R

e
p

. 

1995 2.04 2.04 2.11 2.11 1.81 2.24 3.14 3.23  

L
at

vi
a 

1995 1.56 1.56 1.72 1.72 1.69 1.57 2.48 2.73 
1996 2.10 2.14 2.17 2.21 1.87 2.23 3.16 3.25  1996 1.56 1.59 1.70 1.73 1.64 1.53 2.50 2.74 
1997 2.23 2.31 2.29 2.37 1.98 2.31 3.18 3.26  1997 1.49 1.55 1.61 1.67 1.53 1.44 2.51 2.75 
1998 2.35 2.47 2.41 2.53 2.08 2.37 3.20 3.28  1998 1.54 1.62 1.64 1.73 1.54 1.47 2.52 2.77 
1999 2.41 2.56 2.45 2.62 2.12 2.38 3.22 3.29  1999 1.62 1.72 1.71 1.82 1.59 1.52 2.54 2.78 
2000 2.42 2.61 2.46 2.66 2.12 2.35 3.24 3.31  2000 1.63 1.75 1.71 1.84 1.57 1.52 2.55 2.79 
2001 2.46 2.68 2.50 2.73 2.15 2.35 3.28 3.35  2001 1.67 1.80 1.74 1.88 1.59 1.55 2.58 2.83 
2002 2.52 2.77 2.56 2.81 2.20 2.38 3.33 3.40  2002 1.72 1.87 1.78 1.94 1.62 1.58 2.62 2.86 
2003 2.53 2.81 2.56 2.85 2.21 2.36 3.38 3.44  2003 1.80 1.96 1.85 2.02 1.68 1.65 2.65 2.90 
2004 2.54 2.83 2.56 2.87 2.21 2.34 3.43 3.49  2004 1.89 2.06 1.93 2.12 1.76 1.73 2.69 2.93 
2005 2.48 2.79 2.51 2.82 2.16 2.27 3.49 3.54  2005 1.92 2.11 1.96 2.15 1.79 1.76 2.73 2.97 
2006 2.44 2.77 2.46 2.79 2.12 2.22 3.45 3.51  2006 1.97 2.16 2.00 2.20 1.82 1.81 2.74 2.99 
2007 2.42 2.75 2.44 2.77 2.10 2.18 3.42 3.48  2007 2.04 2.24 2.06 2.27 1.88 1.87 2.76 3.00 

E
st

o
nia

 

1995 1.56 1.56 1.42 1.42 1.96 1.42 2.94 3.01  

L
ith

u
an

ia
 

1995 1.35 1.35 1.20 1.20 1.25 1.09 2.52 2.78 
1996 1.64 1.67 1.52 1.55 1.96 1.49 2.98 3.05  1996 1.32 1.34 1.19 1.21 1.20 1.07 2.54 2.79 
1997 1.67 1.73 1.57 1.62 1.90 1.52 3.03 3.09  1997 1.30 1.35 1.19 1.23 1.18 1.07 2.55 2.80 
1998 1.79 1.88 1.70 1.78 1.96 1.63 3.08 3.13  1998 1.32 1.39 1.23 1.29 1.20 1.11 2.56 2.81 
1999 1.92 2.03 1.83 1.94 2.04 1.73 3.13 3.18  1999 1.46 1.55 1.37 1.45 1.31 1.23 2.57 2.82 
2000 1.90 2.03 1.83 1.95 1.96 1.71 3.18 3.22  2000 1.46 1.57 1.38 1.48 1.31 1.24 2.58 2.83 
2001 1.95 2.10 1.89 2.03 1.97 1.75 3.19 3.23  2001 1.45 1.57 1.38 1.50 1.29 1.23 2.61 2.87 
2002 1.99 2.16 1.94 2.10 1.96 1.79 3.20 3.24  2002 1.45 1.58 1.39 1.51 1.29 1.24 2.65 2.90 
2003 2.05 2.24 2.01 2.19 2.00 1.85 3.21 3.25  2003 1.44 1.59 1.40 1.53 1.29 1.25 2.68 2.94 
2004 2.14 2.34 2.10 2.29 2.05 1.93 3.22 3.26  2004 1.50 1.65 1.46 1.60 1.34 1.30 2.72 2.97 
2005 2.15 2.36 2.12 2.32 2.04 1.94 3.23 3.26  2005 1.53 1.69 1.49 1.64 1.37 1.34 2.75 3.01 
2006 2.25 2.47 2.22 2.44 2.12 2.04 3.24 3.27  2006 1.54 1.71 1.51 1.67 1.38 1.35 2.77 3.03 
2007 2.33 2.56 2.31 2.53 2.18 2.11 3.25 3.28  2007 1.56 1.74 1.54 1.71 1.40 1.38 2.79 3.05 
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Table A2. (Cont.) 

 K/Y QH  (GT)    K/Y QH  (GT) 

Sens_1 Sens_2 Sens_3 Sens_4 Sens_5 Sens_6 Sens_7 Sens_8    Sens_1 Sens_2 Sens_3 Sens_4 Sens_5 Sens_6 Sens_7 Sens_8 
P

o
la

nd
 

1995 1.57 1.57 1.59 1.59 1.48 1.53 2.54 2.77  

S
lo

ve
n

ia
 

1995 2.01 2.01 1.95 1.95 2.24 1.86 2.44 2.62 
1996 1.58 1.61 1.59 1.62 1.48 1.52 2.55 2.78  1996 2.09 2.12 2.03 2.07 2.24 1.92 2.44 2.62 
1997 1.61 1.66 1.62 1.68 1.49 1.53 2.56 2.79  1997 2.14 2.22 2.10 2.17 2.24 1.96 2.44 2.62 
1998 1.68 1.76 1.69 1.77 1.55 1.58 2.57 2.80  1998 2.23 2.34 2.19 2.30 2.28 2.03 2.44 2.62 
1999 1.75 1.86 1.76 1.87 1.61 1.64 2.58 2.81  1999 2.31 2.44 2.27 2.40 2.30 2.10 2.44 2.63 
2000 1.82 1.95 1.83 1.96 1.67 1.69 2.59 2.82  2000 2.40 2.57 2.37 2.54 2.35 2.18 2.44 2.63 
2001 1.90 2.06 1.91 2.06 1.72 1.74 2.60 2.83  2001 2.50 2.71 2.48 2.67 2.41 2.26 2.46 2.64 
2002 1.94 2.13 1.95 2.13 1.75 1.77 2.61 2.84  2002 2.57 2.80 2.54 2.77 2.44 2.30 2.47 2.65 
2003 1.94 2.14 1.94 2.15 1.73 1.75 2.62 2.85  2003 2.65 2.91 2.63 2.88 2.49 2.37 2.48 2.66 
2004 1.92 2.13 1.92 2.14 1.71 1.72 2.63 2.86  2004 2.70 2.99 2.68 2.96 2.52 2.42 2.49 2.67 
2005 1.93 2.17 1.94 2.17 1.71 1.72 2.64 2.87  2005 2.77 3.08 2.75 3.06 2.56 2.47 2.50 2.68 
2006 1.92 2.16 1.92 2.16 1.69 1.70 2.65 2.88  2006 2.78 3.11 2.77 3.09 2.55 2.48 2.51 2.69 
2007 1.92 2.16 1.92 2.17 1.69 1.70 2.66 2.89  2007 2.80 3.13 2.79 3.12 2.55 2.49 2.52 2.70 

R
om

an
ia

 

1995 1.66 1.66 1.87 1.87 1.52 1.84 2.52 2.86  

G
er

m
a

n
y 

1995       2.58 2.77 
1996 1.69 1.72 1.87 1.91 1.54 1.81 2.53 2.87  1996       2.61 2.80 
1997 1.86 1.93 2.04 2.12 1.68 1.94 2.54 2.88  1997       2.64 2.83 
1998 1.96 2.06 2.13 2.24 1.75 2.00 2.55 2.89  1998       2.67 2.86 
1999 2.02 2.16 2.18 2.34 1.79 2.02 2.56 2.90  1999       2.71 2.89 
2000 1.98 2.14 2.12 2.29 1.74 1.93 2.57 2.91  2000       2.74 2.92 
2001 1.94 2.12 2.06 2.26 1.71 1.87 2.58 2.92  2001       2.82 2.99 
2002 1.93 2.13 2.03 2.25 1.69 1.83 2.59 2.93  2002       2.89 3.07 
2003 1.90 2.12 2.00 2.23 1.66 1.78 2.59 2.93  2003       2.98 3.15 
2004 1.88 2.10 1.96 2.19 1.64 1.74 2.60 2.94  2004       3.07 3.23 
2005 1.90 2.14 1.97 2.22 1.66 1.75 2.60 2.95  2005       3.16 3.32 
2006 1.92 2.17 1.98 2.24 1.69 1.76 2.61 2.96  2006       3.16 3.32 
2007 2.01 2.26 2.06 2.32 1.77 1.83 2.63 2.97  2007       3.16 3.32 

S
lo

va
k 

R
ep

. 

1995 1.76 1.76 1.97 1.97 1.66 1.51 3.02 3.14  
1996 1.81 1.84 1.99 2.03 1.69 1.57 3.01 3.14 

       Notes: 
       Sens_1: δ=0.08, K1995/Y1995=own estimation (δ=0.1) 
       Sens_2: δ=0.06, K1995/Y1995=own estimation (δ=0.1) 
       Sens_3: δ=0.08, K1995/Y1995=own estimation (δ=0.08) 
       Sens_4: δ=0.06, K1995/Y1995=own estimation (δ=0.08) 

 Sens_5: δ=0.1, K1995/Y1995=naive approach (δ=0.1) 
 Sens_6: δ=0.1, K1995/Y1995=regression approach II. (δ=0.1) 
 Sens_7: QH (GT) calculated with alternative rates of returns to schooling 

             Sens_8:  QH (GT) calculated without adjustment to schooling quality 
 GT: growth theory approach 

 

1997 1.89 1.95 2.05 2.12 1.76 1.65 3.01 3.13 
1998 1.99 2.08 2.13 2.23 1.84 1.75 3.00 3.13 
1999 2.10 2.23 2.23 2.37 1.93 1.84 3.00 3.12 
2000 2.18 2.34 2.29 2.47 1.98 1.90 2.99 3.12 
2001 2.22 2.40 2.32 2.52 2.00 1.94 3.00 3.13 
2002 2.23 2.45 2.33 2.55 2.01 1.95 3.01 3.14 
2003 2.24 2.47 2.32 2.57 1.99 1.95 3.02 3.14 
2004 2.22 2.47 2.29 2.56 1.97 1.93 3.03 3.15 
2005 2.22 2.48 2.28 2.56 1.97 1.93 3.04 3.16 
2006 2.19 2.46 2.24 2.53 1.94 1.91 3.04 3.16 
2007 2.14 2.41 2.18 2.47 1.89 1.87 3.04 3.16 
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Table A3.  
The initial (1995) capital-output ratio according to the individual methods in case of 0.08δ =  
 

95 95/K Y  Naive Harberger Quasi-
Harberger 

Profit 
Max. 

Regr. 
I. 

Regr. 
II. 

Own 
estimation 

Bulgaria 1.57 -1.40 0.19 1.04 1.61 1.62 1.60 
Czech Rep. 1.99 2.56 2.52 2.14 2.21 2.54 2.11 
Estonia 2.11 2.28 1.35 12.92 1.41 1.51 1.42 
Hungary 1.86 2.55 1.72 3.25 2.73 2.01 1.86 
Latvia 1.80 1.55 0.70 0.81 1.83 1.68 1.72 
Lithuania 1.34 1.09 0.68 2.03 0.90 1.18 1.20 
Poland 1.63 1.64 1.38 2.11 2.28 1.70 1.59 
Romania 1.65 1.91 1.58 1.96 2.10 2.00 1.87 
Slovak Rep. 1.82 2.08 1.98 2.21 2.09 1.66 1.97 
Slovenia 2.44 2.67 1.84 4.11 2.90 2.06 1.95 
 

Notes: Rounded data. ‘Own estimation’: arithmetic average of the gray fields. 
 
 
 
Table A4. 
The average growth of labor quality and labor quantity  
 

Average 1996-2007 (%) BGR CZE EST HUN LTU LVA POL ROM SVK SVN 

Growth of total hours 
worked 

0.25 -0.16 0.33 0.21 0.98 1.36 1.46 -1.00 -0.28 0.04 

Growth of employment 0.51 0.13 0.13 0.30 0.30 1.21 0.25 -1.77 0.28 0.40 

Growth of QH 
(growth theory ap.) 

0.39 0.62 0.74 0.63 0.79 0.82 0.34 0.33 0.06 0.24 
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List of variables (data source) 
 
A : technology level (own calculation) 

dI : Investment deflator (Gross Fixed Capital Formation (GFCF) deflator, AMECO) 

dY : GDP deflator (AMECO) 

δ : depreciation rate (calibration) 

E : employment (Eurostat) 

F : error-to-truth ratio (calibration) 

Yg  : growth rate of Y (PWT 6.3) 

g : growth rate of technology (calculation according to A) 

H : total number of hours worked in the economy (TED) 

h : human capital (own calculation) 

i : required return (lending rate, IFS database (IMF)) 

I : investments at constant prices in PPP (PWT 6.3) 

K : aggregate capital stock (own calculation) 

K’: physical capital input / production service of physical capital 

L : labor / labor input / production service of labor 

MFP : multifactor productivity (own calculation) 

NI : net investment 

n : growth rate of labor force (population) (PWT 6.3) 
Hp : (hourly) wage 

Ip  : price of the investment goods 

Kp  : rental price of capital 

Yp  : price of output 

q : Hanushek and Woessmann’s (2009) cognitive index 

QH : efficiency multiplier of labor (own calculation)  

QK : efficiency multiplier of capital (own calculation) 

r : return to schooling (calibration) 

s : saving rate (= constant-price investment rate (ki), PWT 6.3) 

'Ks  : share of physical capital (1 Ls− ) 

Ls  : labor share (AMECO)  

sy : average years of schooling for the labor force (Barro and Lee (2010) database) 
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syadj : quality-adjusted years of schooling (own calculation)   

X : capital-output ratio (X=K/Y) 

Y : output, GDP at constant prices in PPP (PWT 6.3) 

y: real GDP per capita at PPP (rgdpl, PWT 6.3) 

z : proxy variable for ̂y∗  

λ : instantaneous speed of convergence 

λ : average speed of convergence  

ŷ  : output per effective labor ˆ / ( )y Y AL=  

ϒ : relative income position (t tˆ ˆ = y /y∗ϒ ) 

* : steady-state value of the respective variable 

 

 

Referred databases: 
 
AMECO: Annual Macro-Economic Database (http://ec.europa.eu/economy_finance) 
 
Eurostat (http://epp.eurostat.ec.europa.eu) 
 
IFS (IMF): International Financial Statistics (www.imf.org) 
 
PWT 6.3:  
Alan Heston, Robert Summers and Bettina Aten, Penn World Table Version 6.3, Center for 
International Comparisons of Production, Income and Prices at the University of Pennsylvania, 
August 2009.  
(http://pwt.econ.upenn.edu) 
 
PWT 7.0:  
Alan Heston, Robert Summers and Bettina Aten, Penn World Table Version 7.0, Center for 
International Comparisons of Production, Income and Prices at the University of Pennsylvania, 
June 2011.  
(http://pwt.econ.upenn.edu) 
 
TED: Total Economy Database (www.ggdc.net) 
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Abbreviations: 
 
BGP : balanced growth path 

CD : Cobb-Douglas 

CEE : Central Eastern European / Central Eastern Europe 

MFP : multifactor productivity  

PIM : perpetual inventory method 

 


