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1. INTRODUCTION

Total factor productivity (TFP) is the portion of output not explained by the 
amount of inputs used in production, usually measured by the Solow residual 
(Solow, 1957). Its level is determined by how efficiently the inputs are utilized 
in production (Comin, 2010). Total factor productivity is an important 
determinant of economic fluctuations, economic growth and cross-country per 
capita income differences, which has been confirmed by many empirical 
studies. Baier, Dwyer and Tamura (2006), using a sample of 145 countries and 
data for more than a hundred years for 23 countries in the sample, applying the 
growth accounting methodology, showed that total factor productivity explains 
14% of average output growth per worker. By total factor productivity they 
mean: “changes in technology, institutional change, failure of the twin 
assumption of constant returns to scale and competitive factor markets, and 
other factors”. Barro (1998) points out that technological progress is in fact 
crucial to the long-term per capita growth that the US economy has been able 
to sustain for two centuries. Nelson (2000) emphasized that: “In the early 
1950s, empirical work made it clear that ‘growth of total factor productivity’ 
was accounting for the lion’s share of the measured increases in output per 
worker. Technological advancement was proposed as a major force behind the 
growth in TFP”. Wu, Guo and Marinova (2017) presented new evidence about 
total factor productivity and economic growth by examining the latest regional 
and sectoral statistics from China. They found that productivity growth is the 
main driver of economic growth in all three sectors: agriculture, manufacturing 
and services. They also found that technological progress is primarily 
responsible for total factor productivity growth.

Estimation of total factor productivity is important due to its contribution 
to the long-term income per capita growth. From the computation 
methodological point of view, beginning from the research of Abramovitz 
(1956) and Solow (1957), the growth accounting approach has been applied in 
a significant number of studies.

The sectoral perspective in economic analysis is directly linked to the 
issue of structural changes. Kratena (2005) stated that shift of resources, 
output and employment between different sectors accompanying the process 
of economic growth have been recognized as a possible challenge for 
adjustment in industrialized economies. Moro (2015) suggested that both the 
growth rate and the volatility of an economy might be related to its productive 
structure. 
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The article presents the results of growth accounting for seven upper 
middle-income Balkan countries (Albania, Bosnia and Herzegovina, Bulgaria, 
North Macedonia, Montenegro, Serbia and Romania), for the period 2000-
2017. While some Balkan countries started their transition process to become 
market economies at the beginning of the 1990s, others, due to political 
conflicts and instability, started their transition several years later (notably 
Bosnia and Herzegovina, Serbia and Montenegro, and North Macedonia). 
Due to this late transition and their resources being devaluated during the 
1990s, these countries have been forced to play catch-up with the other 
European countries. Of the group of middle-income Balkan countries, 
Romania and Bulgaria, which started the processes of transition and 
institutional reform earlier, have made significant progress, especially since 
their accession to the European Union in 2007. Volatility in output growth1 
and structural changes were significant in all countries in the sample. 

The growth accounting approach was applied to estimate total factor 
productivity (TFP) in the total economy and at sectoral level for three 
production sectors, agriculture, industry (including construction) and services. 
This is the first study presenting estimates of TFP on a sectoral level for  
a selected group of countries, and also the first study presenting estimates of 
TFP in the total economy for a selected time period. 

The paper is structured into six sections. The key objectives and the aim of 
the research are presented in the first section. The most relevant literature is 
reviewed in the second section, followed by the data and methodology 
description in the third section. In the fourth section the results of the study are 
presented, followed by a robustness analysis and comparisons with the results 
from previous studies. The final section presents the conclusion and 
recommendations for future research. 

2. LITERATURE REVIEW

Since the studies of Abramovitz (1956) and Solow (1957), total factor 
productivity accounting has attracted significant attention among scholars. Since 
then, numerous research studies have been presented, confirming the relevance 
of TFP for economic growth, and also the sectoral approach in analysis. Nelson 
(2000), quoting works by Schmookler (1952), Schultz (1953), Fabricant (1954), 

1 Average annual GDP growth from 2000 to 2017 in Albania was 4.23%, followed by Romania 
(4.13%). Average annual GDP growth rates in Bosnia and Herzegovina, Bulgaria, North 
Macedonia, Montenegro and Serbia, in same period, were 3.3%, 3.64%, 2.68%, 2.96% and 
3.02%, respectively.
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Kendrick (1956) and Abramovitz (1956), concluded that the growth output 
experienced in the United States after World War II has been significantly greater 
than reasonably can be ascribed to input growth. “Technological advances, the 
changing composition of the work force, investment in human capital, 
reallocation of resources from lower to higher productivity activities, economies 
of scale, all were recognized as parts of the explanation” (Nelson, 2000). On the 
differences in sectoral productivity, the same author further concluded that “low 
income countries tend to differ from high income ones in the kinds of economic 
activities in which they can have comparative advantage, and in internal demand 
patterns, and these differences profoundly shape the nature of technical 
innovation that is relevant”. He also pointed out the importance of innovation, 
as being important for providing productivity growth.

Margaritis et al. (2005) showed that labour productivity accounted for 
roughly half of the growth in per capita GDP in OECD countries over the 
1980s and 1990s, with the other half primarily accounted for by increases in 
labour utilization (changes in demographics, unemployment and labour force 
participation rates).

Morro (2015) studied the impact of the sectoral composition of GDP on 
cross-country differences in GDP’s growth and volatility, and concluded that an 
increase in the share of services in GDP reduces both aggregate total factor 
productivity (TFP) growth and volatility, thus reducing GDP growth and 
volatility. Foster-McGregor and Verspagen (2017) presented a study on 
decomposing total factor productivity growth in manufacturing and services, 
with a sample of 40 countries in the period 1995-2009. Their research showed 
that “TFP growth in manufacturing tended to outpace that in services in most 
economies”. They found that some exceptions exist, particularly in Asian 
countries, suggesting that “productivity growth in services need not always be 
lower than that in manufacturing”. Holtgrewe (2015), quoting Baumol (1967) 
and Scharpf (1986), pointed out what they famously argued that in labour-
intensive and interactive services, labour productivity cannot be easily increased 
– a service, which is consumed as it is being produced, takes as long as it needs 
and involves both the customer’s and the worker’s time. Therefore, the industrial 
mechanism of productivity increases do not apply in the service sector. 

The most recent study on the growth of total factor productivity in CEE 
was presented by Levenko, Kaspar and Karsten (2019), on growth accounting 
for 11 countries from Central and Eastern Europe for the period 1996-2016, in 
which Bulgaria and Romania were included. Their study showed that for the 
full sample, average GDP growth was generally higher in the CEE countries 
than in the reference group of the EU 15 countries from Western Europe; on 
average TFP growth accounted for one-third of GDP growth, while capital 
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deepening accounted for approximately half. Foster-McGregor and Verspagen 
(2017) presented a study on decomposing TFP growth in manufacturing and 
services, but their sample of 40 countries included only Bulgaria and Romania 
from the Balkans, and covered the period 1995-2009. Cungu and Swinnen 
(2003) measured multifactor agricultural productivity for 23 transition 
economies in Central and Eastern Europe and the former Soviet Union, from 
1992 to 1999, but from the Balkans only Albania, Romania and Bulgaria were 
included. Their study shows that over the 1992-1999 period, TFP increased 
consistently in the Balkan countries included in the sample. Swinnen, Van 
Herck and Vranken (2012) also presented TFP in agriculture in three Balkan 
countries (Albania, Bulgaria and Romania), for the period 1989-2001. 
Murgasova et al. (2015) estimated TFP in Western Balkan countries for the 
period 2001-2008, showing that gains in TFP and capital accumulation were 
major drivers of growth. Levenko, Kaspar and Karsten (2019) listed several 
studies on TFP computation for other countries than in the Balkans, such as: 
Arratibel et al. (2007), Dombi (2013), Vanags and Bems (2005).

3. DATA AND METHODOLOGY

3.1. Data

The source of all data used in the research was the World Development 
Indicators database2. The rationale behind this was the availability of data for 
all countries in the sample and consistency in the methodology for the entire 
period. An international database as the source, instead of national sources, 
was particularly important as in the non-EU countries from the sample, the 
statistical systems reforms are still ongoing (Albania, Bosnia and Herzegovina, 
North Macedonia, Montenegro and Serbia), so the international verification of 
quality of data is important. Data for Bulgaria and Romania were available at 
Eurostat database for all those years, and for several years also for other 
countries in the sample, but not for the total period. The following indicators 
were used: Gross Domestic Product in constant 2010 USD, value added in 
agriculture3 (constant 2010 USD), value added in industry, including 

2 Extracted in April 12, 2019, http://datatopics.worldbank.org/world-development-indicators/
3 Agriculture corresponds to ISIC divisions 1-5 and includes forestry, hunting, and fishing, as 
well as cultivation of crops and livestock production. Value added is the net output of a sector 
after adding up all outputs and subtracting intermediate inputs. It is calculated without making 
deductions for depreciation of fabricated assets or depletion and degradation of natural 
resources. The origin of value added is determined by the International Standard Industrial 
Classification (ISIC), revision 3 or 4. (www.worldbank.org)
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construction4 (constant 2010 USD), value added in services5 (constant 2010 
USD), gross fixed capital formation (constant 2010 USD)6, unemployment 
rate, total employment7, employment in agriculture (% of total employment), 
employment in industry (% of total employment), employment in services (% 
of total employment). Two indicators used in this research were estimated: the 
capital stock at total and sectoral level, and the gross fixed capital formation in 
agriculture, industry and services, applying the methodology explained in the 
next section of the paper.

3.2. Methodology

TFP growth was estimated applying the growth accounting approach, 
selected due to its many advantages. “The growth accounting approach 
provides a filing system that is complete, in the sense that all phenomena that 
affect economic growth must do so through input factor quantities, relative 
factor intensities or total factor productivity growth, either individually or in 
combination. Second, the results of the growth accounting exercise may point 
to areas where parametric studies are likely to be fruitful” (Norsworthy, 2005).

The starting point is the general specification of aggregate production 
function, as presented in Levenko, Kaspar and Karsten (2019):

 ( ), t t t t t tY A F h K L=  (1)

The variable tY  is output or value added in period t, tK  is the economy-
wide capital stock available at the beginning of period t, while ( )0,1th ∈  is the 

4 Industry corresponds to ISIC divisions 10-45 and includes manufacturing (ISIC divisions  
15-37). It comprises value added in mining, manufacturing (also reported as a separate subgroup), 
construction, electricity, water, and gas. Value added is the net output of a sector after adding up 
all outputs and subtracting intermediate inputs. It is calculated without making deductions for the 
depreciation of fabricated assets or depletion and degradation of natural resources. The origin of 
value added is determined by the International Standard Industrial Classification (ISIC), revision 
3 or 4. (www.worldbank.org)
5  Services correspond to ISIC divisions 50-99 and include value added in wholesale and retail 
trade (including hotels and restaurants), transport, and government, financial, professional, and 
personal services such as education, health care, and real estate. (www.worldbank.org)
6  For Bosnia and Herzegovina, as data were not available, the study estimated GFCF as 

2010$,  2010$, % , constant t constant t inGDP tGFCF GDP GFCF= , as  2010$,   constant tGDP  and % ,  inGDP tGCF
were available in the WDI database. According to the WDI data base, Gross Capital Formation 
and Gross Fixed Capital Formation were presented as identical in all years. 
7  Total employment was computed using WDI data on Total labour force and unemployment 
rate, as ( )  1t t tE TLF u= − , where  tTLF  is total labor force in period t, and  tu  unemployment 
rate in period t.
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rate of capital utilization in period t, so t th K  is the capital actually utilized for 
the production of tY ; tL  is employment and tA  is a factor scaling aggregator, 
typically known as total factor productivity (TFP).

As in Levenko, Kaspar and Karsten (2019), if production function is time 
differenced and perfect competition and constant returns to scale are assumed, 
the growth rate of output is equal to:

 
( )

1 1 1 1 1

1 k k kt t t t t
t t t

t t t t t

Y L K h A
Y L K h A
∆ ∆ ∆ ∆ ∆

α α α
− − − − −

≈ − + + +  (2)

The operator ∆  denotes the first difference, and k
tα  is the elasticity of 

output to capital utilized in period t. As Levenko, Kaspar and Karsten (2019) 
stated, equation (2) decomposes output growth into components stemming 
from growth in employment, growth in available capital, growth in capital 
utilization and TFP growth.

On a sectoral level, the specification of aggregate production function is:

 ( ), , , , , ,, t i t i t i t i t i t iY A F h K L=  (3)

The variable ,t iY  is value added (output) in period t in sector i (i=1,2,3, 
where 1 denotes agriculture, 2 – industry, 3 – services), ,t iK  is the economy-
wide capital stock available at the beginning of period t in sector i, while 
ht,i ( ), 0,1t ih ∈  is the rate of capital utilization in period t so ,t t ih K  is the capital 
actually utilized for the production of ,t iY ; ,t iL  is employment in sector i and 

,t iA  is total factor productivity (TFP) in sector i.
The growth rate of output is equal to:

 
( ), , , , ,

, , ,
1, 1, 1, 1, 1, 

1t i t i t i t i t ik k k
t i t i t i

t i t i t i t i t i

Y L K h A
Y L K h A
∆ ∆ ∆ ∆ ∆

α α α
− − − − −

≈ − + + +  (4)

The data for output and employment are available, but the data on available 
stock capital and capital utilization must be computed. Levenko, Kaspar and 
Karsten (2019) also computed data on elasticity of output to capital, but due to 
data restriction, the methodology they applied was not applicable in this 
research, so it was decided to use constant estimates for capital elasticity, 
equal to 0.33, suggested as typical value by Romer (2001), on total economy 
and sectoral level, assuming that:

 ,
k k
t i tα α=  (5)
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3.2.1. The capital stock

The data on the capital stock for countries in the sample were not available, 
so computation was necessary. The author used the perpetual inventory 
method (PIM), as presented by Berlemann and Wesselhoft (2014). Net capital 
stock Kt at the beginning of period t can be written as a function of the net 
capital stock Kt-1 at the beginning of the previous period t-1, gross investment 
in the previous period It-1 and consumption of fixed capital Dt-1:

 1 1 1t t t tK K I D− − −= + −  (6)

Assuming geometric depreciation at a constant rate δ , the equation can be 
rewritten as:

 ( ) 1 11t t tK K Iδ − −= − +  (7)

Repeatedly substituting this equation for the capital stock Kt-1 at the 
beginning of period t-1, leads to:

 
( ) ( )1

0

1 i
t t i

i

K Iδ
∞

− +
=

= −∑  (8)

The capital stock in period iis a weighted sum of the history of capital stock 
investment. The weighted result from the geometric depreciation function.

In implementing the PIM to construct capital stock data, methodological 
differences exist, especially in respect of the method of the initial capital 
stock. Berlemann and Wesselhoft (2014) list three different approaches. In the 
steady state approach, output grows at the same rate as the capital stock; the 
disequilibrium approach, in which the growth rate of capital stock can be 
approximated by the growth rate of investment; and synthetic time series 
approach, based on the idea of constructing an artificial, historical time series 
of investment.

Assuming the steady state, 

 
1

1 1

t t t
GDP K

t t

K K Ig g
K K

δ−

− −

−
= = = −  (9)

The stock of capital in period t-1 is:

 
1  .t

t
GDP

IK
g δ− =

+  
(10)

The study assumed steady state conditions and used output growth, but as 
the estimate of the initial capital stock depends crucially on the investment 
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and growth rate of output in a single year (Berlemann and Wesselhoft, 2014), 
to avoid risk of short-term investment shock in initial period, the author used 
the averages of investment for the first three year period (2000-2002), as 
suggested by Berlemann and Wesselhoft (2014) and average output (GDP) 
growth rates for each country for the total period from 2001 to 2017. It was 
decided to use average GDP growth for the total period to avoid business 
cycles and shocks to the economy. In estimations on sectoral level, the study 
used average gross value added growth rates from 2001 to 2017. The anchor 
year for the stock of capital estimate is 2000. Levenko, Kaspar and Karsten 
(2019) used output to investment ratio, but later the results from both studies 
confirmed the accuracy of both approaches. Similarly to Levenko, Kaspar and 
Karsten (2019), the author assumed that depreciation rate is constant over 
time and typically also across the countries, and equal to 0.05 for all countries.

The stock of capital for the total economy was estimated using three-year 
average total gross fixed capital formation (GFCF), the same as sectoral level. 
Gross fixed capital formation in sector i was computed as:

 , % ,t i t E tI I Ei=  (11)

It is gross fixed capital formation in the total economy in period t, % ,E tEi  is 
share of employment in sector i in total employment in period t. Employment 
share was selected to provide consistency with the approach to use 
unemployment rate as the indicator of capital utilization. 

The capital stock is then estimated as:

 ( )1 11ti tK K Iδ+ += − +
 

( ), 1,1, 1t i tt i iK IK δ ++ = − +  

 (12)

for total economy, and

 

( )1 11ti tK K Iδ+ += − +
 

( ), 1,1, 1t i tt i iK IK δ ++ = − +   (13)

for each individual sector, where 1tI +  is gross fixed capital formation in period 
t+1 for the total economy, and 1,t iI +  is gross fixed capital formation in sector i 
in year t+1.

3.2.2. Capital utilization

In cases of missing data, there are a few options. Levenko, Kaspar and 
Karsten (2019) used the capacity utilization in manufacturing as a proxy for 
the utilization of capital in the entire economy, but this study followed Solow’s 
approach and used the change in unemployment rate (Solow, 1957) as the 
unique indicator in estimation of TFP on total economy and sectoral level.
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3.2.3. Employment

The data on employment in total economy and on sectoral level are 
computed using data on total labour force in the country ( tLF ), employment 
rate for total economy, computed as 1t te u= −  and share of employment in 
each sector in total employment.

 t t tL LF e=  (14)
for total employment, and

 , % ,t i t E tL L Ei=  (15)

for individual sector, where tu  is unemployment rate in period t, ,t iL  is 
employment in sector i in period t, and % ,E tEi  is share of sector i in total 
employment in period t.

4. RESULTS OF THE BASELINE SCENARIO

Applying the methodology and assumptions presented in Section 3, the 
author estimated the baseline series for the capital stock in total economy and 
on sectoral level, as well as the series for gross fixed capital formation on 
sectoral level8. This section presents the results on decomposition of output 
growth for total economy, each sector, total time frame (Table 1) and sub-
periods (2000-2009 and 2010-2017; see Table 2).

Variations among output growth rates, TFP and contributions from capital 
and labour were observed not only among countries, but also among sectors in 
each country and time frame. From 2000 to 2017, the largest TFP growth in 
total economy was observed in Romania, which is the second leading output 
growth in the sample, with an average output growth rate of 4.13%. The 
highest average output growth rate was evidenced in Albania, although 
average TFP growth was lower compared to Bosnia and Herzegovina, Serbia 
and Romania. This is mainly due to larger capital utilization and growth in 
employment. The average TFP growth was also high in Serbia (2.08), with an 
output growth of 3.02. In Montenegro and Macedonia, the countries with the 
lowest average annual GDP growth in the sample, the average TFP growth 
rate was negative, while growth of capital and growth in capital utilization 
were relatively high. 

If one compares average TFP growth rates for total economy and at sectoral 
level, TFP growth in industry is the most correlated with total TFP growth. 
TFP growth in industry was positive in all countries using averages for the 

8 Data available on request.
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total period. In agriculture, TFP growth was higher than the total in Albania, 
Bulgaria, Montenegro, Serbia and Romania, and was the most important 
factor for value added growth in agriculture. TFP growth was the lowest in the 
services sector, and even negative in four countries from the sample (Albania, 
Bulgaria, North Macedonia and Montenegro). 

The contribution of capital to growth was very similar in all the countries 
from the sample, on average between 1-2% annually for total economy, but 
above 2% in most countries in industry, and in Bulgaria and Serbia in services. 
In agriculture, the contribution of capital was lower than 1% in most countries 
(except for Albania and Romania). The contribution of employment was much 
lower compared to capital, and even negative in Bosnia and Herzegovina, 
Serbia and Romania. Levenko, Kaspar and Karsten (2019) also found that 
contribution of employment has a low significance. On sectoral level, 
employment growth has the largest contribution to growth in services. The 
contribution of capital utilization was positive in most countries, but most 
significant in Bulgaria and Montenegro.

Sub-period analysis showed variations in the growth in all the components 
measured in the baseline scenario. Average output growth was higher in all the 
countries for 2000-2009 than for 2010-2017. Variations were high in several 
countries from the sample. In Albania, average output growth was 4.7% in the 
earlier, but 1.74% in the later subperiod. In Bosnia and Herzegovina 4.7% and 
1.74% respectively, in Bulgaria 5.01% and 2.10%, in Serbia 4.91% and 0.89% 
and Romania 5.12% and 3.02%. In North Macedonia and Montenegro the 
variations were smaller, 2.97% and 2.34% in the first and 3.43% and 2.44% in 
the second subperiod. The lower growth rates in the later period were mostly 
due to slower growth in industry and services (the only exception was North 
Macedonia where both industry and services grew faster in the later period, 
and also Serbia in the industry sector where the growth rate remained almost 
unchanged, and in Romania also in services also). The total factor productivity 
growth also varied in all the countries, in some cases even rapidly. In Romania, 
average TFP growth decreased from 4.63% in the earlier, to 0.51% in the later 
period. In North Macedonia it even shifted to a negative value, from 1.21% to 
-0.87%. Montenegro improved TFP, shifting from negative value (-1.7%) to 
0.22%,and also Bulgaria, from -0.83% to 1.99%. 

Output growth in agriculture increased in Bulgaria, Montenegro and 
Romania from 2010 to 2017, but decreased in all the other countries. TFP 
growth increased in Bulgaria, but decreased in other countries. Industry had 
slower growth in the later subperiod in all the countries other than North 
Macedonia and Serbia. The total factor productivity growth in industry only 
increased in Bulgaria. Value Added in services grew by a higher rate from 
2010 to 2017 in Montenegro and North Macedonia, but at a slower rate in
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Table 1

Decomposition of output growth, total economy and sectoral approach, (2000-2017)

 2000-2017

Total Agriculture Industry 
(incl. construction) Services

A
lb

an
ia

GDP/Value Added 4.23 3.15 5.09 -1.62
Employment 0.40 -1.20 1.06 2.93
Capital 1.68 1.07 2.00 0.77
Utilization 0.85 0.85 0.85 0.85
TFP 1.31 2.44 1.18 -6.17

B
os

ni
a 

an
d 

H
er

ze
go

vi
na

GDP/Value Added 3.30 0.85 4.74 3.35
Employment -0.15 -1.52 0.58 0.29
Capital 1.17 0.32 1.57 1.30
Utilization -0.04 -0.04 -0.04 -0.04
TFP 2.32 2.10 2.64 1.81

B
ul

ga
ria

GDP/Value Added 3.64 -0.29 3.69 3.62
Employment 0.25 -2.36 -0.14 0.94
Capital 1.68 0.21 1.67 1.79
Utilization 1.22 1.22 1.22 1.22
TFP 0.49 0.65 0.94 -0.33

N
or

th
 

M
ac

ed
on

ia

GDP/Value Added 2.68 0.31 4.28 2.74
Employment 1.09 0.05 0.63 1.97
Capital 1.17 0.32 1.33 1.45
Utilization 0.65 0.65 0.65 0.65
TFP -0.24 -0.71 1.66 -1.33

M
on

te
ne

gr
o GDP/Value Added 2.96 2.24 8.49 -0.30

Employment 0.90 0.04 -0.02 1.44
Capital 1.66 0.94 2.12 1.02
Utilization 1.20 1.20 1.20 1.20
TFP -0.79 0.07 5.19 -3.96

Se
rb

ia

GDP/Value Added 3.02 1.03 1.70 2.84
Employment -0.29 -1.76 -0.80 0.91
Capital 1.76 0.91 1.30 2.04
Utilization -0.53 -0.53 -0.53 -0.53
TFP 2.08 2.41 1.73 0.43

R
om

an
ia

GDP/Value Added 4.13 3.97 4.37 4.46
Employment -1.00 -3.43 -0.52 0.97
Capital 1.97 1.29 2.16 2.60
Utilization 0.47 0.47 0.47 0.47
TFP 2.69 5.64 2.26 0.41

Source: authors’ calculation.
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Table 2

Decomposition of output growth, total economy and sectoral approach, (2000-2009, 2010-2017)

Total Agriculture Industry 
(incl. construction) Services

2000-
2009

2010-
2017

2000-
2009

2010-
2017

2000-
2009

2010-
2017

2000-
2009

2010-
2017

A
lb

an
ia

GDP/Value Added 5.79 2.48 3.27 3.03 9.00 0.68 5.95 -10.13
Employment 0.11 0.74 -2.35 0.07 1.87 0.18 3.95 1.86
Capital 2.06 1.26 1.41 0.68 2.65 1.27 0.48 1.11
Utilization 1.74 -0.16 1.74 -0.16 1.74 -0.16 1.74 -0.16
TFP 1.89 0.65 2.44 2.43 2.76 -0.61 -0.17 -12.91

B
os

ni
a 

an
d 

H
er

ze
go

vi
na

GDP/Value Added 4.70 1.74 2.31 -0.79 6.82 2.40 4.79 1.74
Employment 0.45 -0.83 -1.88 -1.17 0.96 0.16 1.36 -0.91
Capital 1.57 0.72 0.62 -0.02 2.02 1.06 1.71 0.85
Utilization 0.20 -0.31 0.20 -0.31 0.20 -0.31 0.20 -0.31
TFP 2.48 2.15 3.34 0.69 3.66 1.49 1.54 2.10

B
ul

ga
ria

GDP/Value Added 5.01 2.10 -0.63 0.09 5.62 1.52 4.77 2.33
Employment 0.99 -0.59 -3.13 -1.56 1.57 -2.08 1.49 0.34
Capital 2.28 0.99 0.44 -0.06 2.45 0.78 2.31 1.21
Utilization 2.58 -0.30 2.58 -0.30 2.58 -0.30 2.58 -0.30
TFP -0.83 1.99 -0.55 1.99 -0.96 3.08 -1.59 1.08

N
or

th
 

M
ac

ed
on

ia

GDP/Value Added 2.97 2.34 3.70 -3.50 3.39 5.28 2.65 2.85
Employment 0.91 1.31 0.13 -0.04 -0.06 1.43 2.20 1.76
Capital 0.91 1.46 0.05 0.62 1.19 1.49 1.15 1.79
Utilization -0.05 1.45 -0.05 1.45 -0.05 1.45 -0.05 1.45
TFP 1.21 -1.87 3.57 -5.52 2.31 0.93 -0.62 -2.13

M
on

te
ne

gr
o

GDP/Value Added 3.43 2.44 1.66 2.91 12.84 3.59 -2.95 2.69
Employment 1.47 0.28 -2.60 3.01 0.38 -0.47 2.46 0.33
Capital 2.01 1.26 1.23 0.61 2.90 1.23 1.06 0.98
Utilization 1.67 0.67 1.67 0.67 1.67 0.67 1.67 0.67
TFP -1.70 0.22 1.33 -1.35 7.89 2.14 -8.11 0.71

Se
rb

ia

GDP/Value Added 4.91 0.89 1.52 0.48 1.69 1.70 4.54 0.93
Employment -0.78 0.24 -1.95 -1.59 -1.45 -0.10 0.55 1.33
Capital 2.22 1.24 1.19 0.59 1.70 0.86 2.46 1.57
Utilization -1.25 0.28 -1.25 0.28 -1.25 0.28 -1.25 0.28
TFP 4.70 -0.86 3.51 1.18 2.67 0.67 2.79 -2.23

R
om

an
ia

GDP/Value Added 5.12 3.02 2.99 5.08 7.23 1.14 4.51 4.39
Employment -1.75 -0.19 -4.73 -2.05 -0.62 -0.42 0.81 1.18
Capital 2.43 1.45 1.67 0.87 2.82 1.41 3.13 2.01
Utilization -0.21 1.24 -0.21 1.24 -0.21 1.24 -0.21 1.24
TFP 4.63 0.51 6.20 5.00 5.24 -1.10 0.79 -0.02

Source: authors’ calculation.
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other countries. In Albania, average VA growth in services was even negative 
from 2010 to 2017. TFP growth was higher in the later subperiod in Bosnia 
and Herzegovina, Bulgaria and Montenegro.

The contribution of capital to growth declined in the later period in almost 
all the countries and sectors. Exceptions were North Macedonia (total economy 
and all sectors), and the services sector in Albania.

The contribution of employment, except in Serbia and Romania, where it 
increased in total economy and all sectors, declined in most of the other 
countries and almost in all the sectors (except for total economy and agriculture 
in Albania, total economy and industry in North Macedonia, agriculture in 
Bulgaria and Montenegro). Capital utilization was higher from 2010 to 2017, 
compared to the previous subperiod in North Macedonia and Serbia, but lower 
in all other countries.

5. ROBUSTNESS ANALYSIS AND COMPARISON WITH RESULTS 
FROM OTHER RESEARCHES

Measuring TFP applying the growth accounting approach has its difficulties. 
A fairly innocuous deference in assumptions can lead to very different 
estimates of TFP growth (PREM notes, 2000), this is why it is important to 
show sensitivity of the results by changing assumptions. 

5.1. Changing assumptions

This section shows the sensitivity of the results by changing the calculation 
method for the capital stock. As explained earlier, in the baseline scenario, the 
author used average output growth rate from 2000 to 2017. If the method is

Table 3

Decomposition of output growth, total economy, (2001-2017), using GFCF growth rate

2000-2017
GDP Employment Capital Utilization TFP

Albania 4.23 0.40 2.00 0.85 0.99
Bosnia and Herzegovina 3.30 -0.15 1.16 -0.04 2.34
Bulgaria 3.64 0.25 2.02 1.22 0.15
North Macedonia 2.68 1.09 1.69 0.65 -0.75
Montenegro 2.96 0.90 2.70 1.20 -1.84
Serbia 3.02 -0.29 2.47 -0.53 1.37
Romania 4.13 -1.00 2.52 0.47 2.14

Source: authors’ calculation.
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changed, using average gross fixed capital formation growth rate for same 
time frame (Table 3), the contribution of TFP growth is smaller in all the 
countries except for Bosnia and Herzegovina.

Table 4

Decomposition of output growth, total economy, (2001-2017), using depreciation rate of 3%

2000-2017
GDP Employment Capital Utilization TFP

Albania 4.23 0.40 1.28 0.85 1.71
Bosnia and Herzegovina 3.30 -0.15 0.76 -0.04 2.74
Bulgaria 3.64 0.25 1.25 1.22 0.92
North Macedonia 2.68 1.09 0.73 0.65 0.21
Montenegro 2.96 0.90 1.19 1.20 -0.32
Serbia 3.02 -0.29 1.29 -0.53 2.56
Romania 4.13 -1.00 1.55 0.47 3.11

Source: authors’ calculation.

The results are also sensitive to the depreciation rate. If, instead of 0.05, 
one applies a depreciation rate of 0.03, the contribution of TFP growth is 
larger in the all countries, while the capital stock growth is smaller (Table 4).

5.2. Comparisons of results with other research

Although earlier research on TFP measured applying growth accounting 
method does not cover the same sample and time frame, there are some 
overlaps which make a comparison possible. The study by Levenko, Kaspar 
and Karsten (2019) is the most comparable in terms of time frame as well 
asthe methodology and the sample (two countries from both samples 
overlaps).

A comparison of the TFP growth in Bulgaria and Romania from both 
studiesshows that both results are similar if usingthe averages for the total 
periods. Average TFP growth rate from 1996 to 2016 in Bulgaria is 0.67 in 
Levenko, Kaspar and Karsten (2019) while from 2001 to 2017 this was 0.49 
in the baseline scenario of this research. Splittingthe time frame, the author 
observed similar results from the research from 2000 to 2009 and that by 
Levenko, Kaspar and Karsten (2019) from 2002-2007 and 2008-2009 
calculated for Romania, while for Bulgaria there are some differences, 
namely -0.83 in this research and 0.95/0.15 in Levenko, Kaspar and Karsten 
(2019). 
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Table 5

Comparisons of the results with those presented in the study by Levenko, 
Kaspar and Karsten (2019)

Study Bacovic 
(2019)

Levenko, Kaspar 
and Karsten 

(2019)

Bacovic 
(2019)

Levenko, Kaspar  
and Karsten  

(2019)
Time frame 2000-2017 1996-2016 2000-2009 2002-2007 / 2008-2009
Bulgaria 0.49 0.67 -0.83 0.95 / 0.15
Romania 2.69 2.45 4.63 5.91 / -0.13

Sources: authors’ calculation; Levenko, Kaspar and Karsten (2019).

CONCLUSION

In this study, the author decomposed GDP growth and value added on 
sectoral level (agriculture, industry and services), in seven upper-middle 
income Balkan countries, from 2000 to 2017, and two subperiods, from 2000 
to 2009 and from 2010 to 2017, using the growth accounting approach. As 
some data were unavailable, computation of two variables was necessary, the 
capital stock at all levels, and gross fixed capital formation at sectoral level. 
The study used PIM with the steady state approach, but the robustness check 
showed that a variation between the results, if one applies the disequilibrium 
approach, are towards a lower contribution of TFP but higher from capital, but 
not sufficiently significant to change the approach. The comparisons of the 
results from this research with similar studies also showed low level of 
variations.

The research confirmed the importance of growth measurement and its 
decomposition, as well as of the sectoral approach, as the variation between 
TFP and other components of output growth in total economy and at sectoral 
level are significant. The sectoral approach provides a more detailed insight 
into overall structural changes in the economy. The author’s analysis showed 
that TFP growth in industry is most correlated with total TFP growth. In 
agriculture, TFP growth was higher than the total growth in Albania, Bulgaria, 
Montenegro, Serbia and Romania, and was the most important factor for value 
added growth in agriculture. TFP growth was the lowest in the services sector, 
and even negative in four countries from the sample (Albania, Bulgaria, North 
Macedonia and Montenegro). The sub-period analysis is also important, 
showing significant variations between the two periods, and also among the 
sectors and factors contributing in both time frames. Average output growth 
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was higher in all countries from 2000 to 2009 than from 2010 to 2017. TFP 
growth also varied in all the countries, in some cases even rapidly, while in 
some countries from the sample it decreased, in some it increased from 2010. 
The contributions of capital and labour also decreased in several countries. 

The research showed volatility in all the elements, output growth and 
decomposed contribution of inputs and TFP. Structural changes were 
evidenced in all the countries, with a declining share of agriculture, a moderate 
growth in industry (except in Montenegro), and an overall growth in services. 
Total factor productivity growth, other than being volatile, was significantly 
different in various sectors, the lowest in services. The contribution of capital 
is significant, but less than that of employment.

The results of the study may be used in defining national policies priorities, 
as the relevance of TFP growth for long-term growth is unquestionable, but 
there are some variations among the sectors in terms of growth in TFP.

The overall growth in the services sector, observed in all the countries, 
should be analysed seriously. While the growth of the services sector and its 
significance for overall value added growth and employment is evident, its 
contribution to long-term growth, through TFP growth, is still an issue in 
many debates. As Morro (2015) concluded, an increase in the share of services 
in GDP reduces both aggregate total factor productivity (TFP) growth and 
volatility, thus reducing GDP growth and volatility. This should encourage 
economic policy makers to emphasize industry development more. National 
policies should prioritize measures that support the development of those 
components relevant for TFP growth. Based on an extensive literature review, 
Kim and Loayza (2017) concluded that the variation of TFP across countries 
for the last three decades is mostly explained by the physical infrastructure, 
followed by education, market efficiency, innovation and institutional 
infrastructure.

The main contribution of this study to the literature is the decomposition of 
output growth computation on sectoral level, and also the presented 
methodology for data computations on sectoral level, as due to missing data, 
two key variables had to be computed: the capital stock and gross fixed capital 
formation.

The results of this study may be an incentive for further research, to a 
further investigation of determinants of changes in output, TFP growth and 
structural changes, empirically evidenced in this study.
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