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Abstract. Level of productivity is vital for each country striving develop sustainably. It appears that accounting of productivity requires
additional attention of scientists. This paper is focused on the methods allowing to evaluate productivity in economy sectors. Scrutinized
scientific literature proposes the following possible perceptions of productivity increase: as labour move from low to high productivity
sectors, the process contributes to aggregate country’s productivity growth, and causes further productivity increase in more productive
sectors. After critical scientific literature review, conclusions about contemporary productivity methods and are being be provided.
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1. Introduction

Sustainable development of countries and their economies’ sectors is driven by array of factors (Maciulis,
Tvaronavi¢iené 2013; Baublys et al. 2014; Balitskiy et al. 2014; Caurkubule, Rubanovskis 2014; Dzemyda,
Raudelitniené 2014; Fuschi, Tvaronavi¢iené 2014; Kaminskiené et al. 2014; Raudeliuniené et al. 2014;
Scaringelli 2014; Tarabkova 2014; Tvaronaviciené 2014; Tvaronavic¢iené¢ et al 2014; Vasilitnaité 2014).
Productivity is vitally import as driving force of sustainable development, which in own turn is affected by
various factors (Mathur et al. 2013; Bonetto et al. 2014; Demir et al. 2014; Figurska 2014; Garskaité-
Milvydiené, 2014; Ruza et al. 2014; Tvaronavic¢iené 2014, Wahl 2014). Researches, related to relevant
economy structure and economic growth, generally named as structural economics, are in foreign rather common
in scientific literature of development economics. This research area in Lithuania is relatively young and
currently is intensively developing (e.g. Lankauskiené, TvaronaviCiené¢ 2013; Lankauskiené, Tvaronaviciené
2014). In this paper attention is being focused to productivity measurement and accounting methods. This paper
aims to systemize and group the methods evaluating productivity, which can reveal more precise picture of
productivity in separately taken economy sectors.
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2. Economy sectors’ performance in structure of economy

2.1. Determinants of economy sectors’ performance

Based on the reform agenda agreed upon in Lisbon, enterprise and industrial policies require a detailed
understanding of the competitive process at the level of individual industries and sectors (Peneder 2009;
Figurska 2014; Tvaronaviciené 2014).Within this context, the current study on sectorial growth drivers aims to
identify the major determinants, patterns and trends in European competitiveness from a distinctly sectorial
perspective. The first part of this study investigated European sectorial competitiveness, assessing the relative
strengths and weaknesses of European industries with respect to the various dimensions of performance, such as
the growth of value added, employment, labour and multifactor productivity, profitability, international trade,
and foreign direct investments (Peneder 2009; Tvaronavic¢iené 2014). Hereinafter, an investigation of the major
determinants or ‘drivers’ of sectorial growth will be provided.

Sectorial performance is driven by a myriad of distinct sources. At present, no single, comprehensive theory
exists which can explain the role of these elements within a jointly integrated economic model. However, many
of them are the subject matter of different strands of economic research. Accordingly, this model is organized
according to six groups of related factors: macroeconomic conditions, demand side factors, inputs to production,
R & D and innovation, market structure, and finally openness and barriers to trade (Peneder 2009). Figure 1
illustrates the six major dimensions of sectorial performance. First, macroeconomic conditions affect sectorial
performance by defining the environment within which companies and industries operate.
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Fig 1. Stylized model of selected sectorial performance drivers

Source: complemented by author referring Peneder, M. 2009. Sectorial growth drivers and competitiveness in the European Union.
European Commission, Enterprise and industry, European communities, 1-542 p.
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2.2. Possible economy sectors’ performance variations

Economic growth can not be perceived without role of economic sectors, as economies are comprised of them.
The following economic sectors’ performance peculiarities in the structure of economy could be distinguished:
structural change, structural transformation, structural growth, and structural development. It is important to
mention that structural change and transformation are quite similar expressions, as well as structural growth and
development (Lankauskien¢, Tvaronavic¢iene 2013). Economic sectors’ performance in the structure of economy
most commonly is being defined as structural changes by foreign scientists (Lankauskiené, Tvaronaviciené
2013; Figurska 2014). Structural change is the central insight of development economics. Economic growth
reflects in economic sectors’ performance and entails structural change. Structural change, narrowly defined as
the reallocation of labour across economy sectors, featured in the early literature on economic development by
Kuznets (1966). As labour and the other resources move from traditional into modern economic activities,
overall productivity rises and income expand. The nature and speed with which structural transformation takes
place is considered one of the key factors that differentiate successful countries from unsuccessful ones.
Therefore, the new structural economists argue that economy structures should be the starting point for
comparative economic analysis and the design of appropriate policies. For the process of sustainable
development elabouration, it is especially important for economy sectors to perform in a sustainable manner
(Lankauskiené, Tvaronavi¢iené 2013; Litvaj, Ponis¢iakova 2014; Tvaronavi¢iené¢ 2014). Economic sectors’
sustainable performance manner is associated as a target at the development of knowledge based and innovation
susceptible sectors, but not with exploiting non renewable natural resources (Tvaronavifiené, Lankauskiené
2013). Economic growth encompasses the growth of value added, created by economic sectors and their
branches performance. Moreover, economy structure has to operate through all the possible capabilities of
sustainability.

3. Productivity phenomenon evaluation methods in the structure of economy

Productivity most generally is perceived as a measure of output or value added per labour input (hour worked).
But due to the economy sectors’ performance, in the structure of economy this phenomenon gains more forms.
Hereinafter different methods accounting productivity will be provided.

3.1. Aggregate productivity growth accounting method

What is the impact of structural change on productivity growth? In response to this question many authors use an
empirical methodology designed to analyse such issues, often called ‘shift-share analysis’. It has been used
frequently by among others economic geographers, economic historians, industrial economists and trade
analysts. Essentially, it is a purely descriptive technique that attempts to decompose the change of an aggregate
into a structural component, reflecting changes in the composition of the aggregate, and changes within the
individual units that make up the aggregate. As such it is closely related to analysis of variance. There are many
versions of this methodology, the main difference being the choice of base year or ‘weights’: initial year, final
year, some kind of ‘average’, linked, etc., and each version usually has its critics as well as defenders (Hurber,
Mayerhofer 2006; Maroto-Sanchez, Cuadrado-Roura 2009; Jalava 2006; Van Ark, Hann 1997; Vries et al.
2011). The reason for this state of affairs is the well known result in index number theory that if, say, initial or
final year weights are applied throughout in decomposition, a residual will occur necessarily. So what many
versions of this methodology do is to try to reduce this residual as much as possible (Tanuwidjaja, Thangavelu
2007). Authors examine the effects of recent structural changes on the growth of labour productivity. The
traditional assumption of the growth accounting literature is that structural change is an important source of
growth and overall productivity improvements. The standard hypothesis assumes a surplus of labour in some
(less productive) parts of the economy (such as agriculture), thus shifts towards higher productivity sectors
(industry) are beneficial for aggregate productivity growth. Even within industry, shifts towards more productive
branches should boost aggregate productivity. On the other hand, structural change may have a negative impact
on aggregate productivity growth if labour shifts to industries with slower productivity growth. The ‘structural
bonus and burden’ hypotheses were examined by the example of Asian economies by Timmer and Szirmai
(2000), a large sample of OECD and developing countries (Fagerberg 2000), and more recently by Peneder and
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DG Employment for the USA, Japan and EU Member States (Peneder 2009). The overall developments
regarding output, employment and productivity described above mask substantial structural changes within
economies and their individual sectors. Structural changes reflect inter alia different speeds of restructuring and
resulting efficiency gains or losses at branch level. The impact of structural change on aggregate productivity
growth in is evaluated by the frequently applied shift-share analysis in analogy with Timmer and Szirmai (2000),
Fagerberg (2000), Peneder (2003) and others. The shift-share analysis provides a convenient tool for
investigating how aggregate growth is linked to differential growth of labour productivity at the sectorial level
and to the reallocation of labour between industries. It is particularly useful for the analysis of productivity
developments in countries where data limitations prevent us from using more sophisticated econometric
approaches (Havlik 2005).

Using the same notation as presented in Peneder (2003), authors decompose the aggregate growth of labour
productivity into three separate effects:

_ LPT,fy _ LPT,by _
growth(LP,) = —LPT,by =
I :staticshift.effect I :dynamic.shift.effect I11:within.growth.effect
n n n
2Pty iy =Sy 12 (P LRy ) Sty =Sy 12 (P ~L Py ) Siy
LP:

1)

First, the structural component is calculated as the sum of relative changes in the allocation of labour across
industries between the final year and the base year, weighted by the value of the sector’s labour productivity in
the base year. This component is called the static shift effect. It is positive/negative if industries with high levels
of productivity (and usually also high capital intensity) attract more/less labour resources and hence
increase/decrease their share of total employment. The standard structural bonus hypothesis of industrial growth
postulates a positive relationship between structural change and economic growth as economies are upgrading
from low- to higher-productivity industries. The structural bonus hypothesis thus corresponds to an expected
positive contribution of the static shift effect to aggregate growth of labour productivity (Havlik 2005).

The structural bonus hypothesis:

Z LR by (Si.y =Sipy) >0
@

Second, dynamic shift effects are captured by the sum of interactions of changes in employment shares and
changes in labour productivity of individual sectors/industries. If industries increase both labour productivity and
their share of total employment, the combined effect is a positive contribution to overall productivity growth. In
other words, the interaction term becomes larger, the more labour resources move toward industries with fast
productivity growth. The interaction effect is, however, negative if industries with fast growing labour
productivity cannot maintain their shares in total employment. Thus, the interaction term can be used to evaluate
Baumol's hypothesis of a structural burden of labour reallocation which predicts that employment shares shift
away from progressive industries towards those with lower growth of labour productivity (Baumol 1967; Havlik
2005).

We would expect to confirm the validity of the structural burden hypothesis in the NMS due to the above-

sketched shifts from industry to services (with lower productivity levels) at the macro level, and due to shifts
from heavy (and capital-intensive) to light industries within manufacturing, respectively (Havlik 2005).
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The structural burden hypothesis:

Z(Lpi,fy - LPi,by)(Si,fy - Si,by) <0
®

Third, the ‘within-growth’ effect corresponds to growth in aggregate labour productivity under the assumption
that no structural shifts in labour have ever taken place and each industry (sector) has maintained the same share
in total employment as in the base year. Authors, however, recall that the frequently observed near equivalence
of the within-growth effect and aggregate productivity growth cannot be used as evidence against differential
growth between industries. Even in case all positive and negative structural effects net out, much variation in
productivity growth can be present at the more detailed level of activities (Havlik 2005).

3.2. Accelerations and decelerations in aggregate productivity growth evaluation method

Recent studies of economic growth have moved from explaining average trends in long-term growth to study
growth accelerations and decelerations, because of the great instability in growth rates within countries. Authors
argue that the standard shift-share analysis is inadequate to measure the contribution of sectors to accelerations
in productivity. Very few countries have experienced consistently high growth rates over long periods. Rather,
the more typical pattern is that countries experience phases of growth, stagnation, or decline of varying length. A
study of these separate periods seems more revealing for a study of the determinants of growth than a long-
period average (Pritchett 2000). This raises the natural question which sectors in the economy contribute most to
accelerations and decelerations in growth. For example, Jones and Olken (2008) suggest that employment
reallocation to more productive sectors lies behind accelerations and decelerations of growth in many developing
countries. Because of missing sectorial data, they are unable to test this hypothesis. Authors provide empirical
evidence on the significance of various sectors in generating aggregate productivity growth by introducing a
novel shift-share analysis and by applying this method to a new sectorial database for 19 countries in Asia and
Latin America, spanning the period from 1950 to 2005. Each sector can contribute to aggregate growth in two
ways: by productivity growth within the sector (the within-effect) and by expanding its share in aggregate inputs
(the between- or shift-effect). To measure these contributions authors modify a standard tool in an economic
historians’ tool-box: the shift-share analysis introduced by Fabricant (1942). The shift-share analysis is used in
many studies to measure the contribution of structural change to aggregate growth. For example, it features
prominently in the discussion about the extent of Britain’s decline relative to Germany and the US since the end
of the nineteenth century (Broadberry 1998). Unfortunately, the interpretation of results from the traditional
shift-share method is not straightforward (Timmer, Vries 2008; Timmer, Vries 2007).

Authors propose two modifications to the traditional shift-share analysis, which make its results more useful.
First, the standard method does not allow for disequilibria in factor markets in which average productivity differs
from marginal productivity. Especially in early stages of development, the agricultural sector is characterized by
wide-spread disguised unemployment (Broadberry 1998). Authors use estimates of the shadow price of labour to
measure this wedge and adjust the shift share method accordingly. This adjustment increases the measured
importance of structural change to growth. Second, the traditional method does not properly account for
differences in productivity levels between sectors. For example, the expansion of a low-productive sector such as
government services would show up as being positive for aggregate growth. Authors account for differences in
productivity levels between sectors and derive more meaningful measures of the contribution of particular
sectors to aggregate productivity growth. Authors find that resource reallocation is not the main driver of
accelerations and decelerations in aggregate economic growth. Productivity improvements within sectors, in
particular within manufacturing and market services, appear to be much more important for growth in Asia and
Latin America since the 1950s (Timmer, Vries 2008; Timmer, Vries 2007).

Since long, the importance of sectorial development patterns for economic growth has been recognized. Changes
in the sectorial composition of production and employment and their interaction with the pattern of productivity
growth feature prominently. Technological change typically takes place at the level of industries and induces
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differential patterns of sectorial productivity growth. At the same time, changes in domestic demand and
international trade patterns drive a process of structural transformation in which labour, capital and intermediate
inputs are continuously relocated between firms, sectors and countries (Kuznets 1966; Chenery et al. 1986;
Harberger 1998). One of the best documented patterns of structural change is the shift of labour and capital from
production of primary goods to manufacturing and services. Another finding is that the level and growth rate of
labour productivity in agriculture is considerably lower than in the rest of the economy (at least at low levels of
income), reflecting differences in the nature of the production function, in investment opportunities and in the
rate of technical change (Syrquin 1984; Crafts 1984). Together these findings suggest a potentially important,
albeit temporary, role for resource allocation from lower to higher productive activities to boost aggregate
productivity growth. This potential growth bonus was already identified in classical dual economy models such
as Lewis (1954) and Fei and Ranis (1964). These models presumed that in early stages of development,
agricultural labourers shift to the industrial sector without any reduction in total agricultural output. The
existence of this source of inefficiency can be explained by the immobility of agricultural labour vis-a-vis the
industrial sector caused by the discrepancy between private costs, approximated by the average product in
agriculture, and social costs. Differences in the potential for structural change have featured prominently in
explanations of differential growth within European countries in the post-World War 1l period (Temin 2002).

However, the quantification of its importance has been hampered by a clear methodology to measure the effect
of structural change on aggregate productivity growth. The standard method to measure this is the shift-share
decomposition originating from Fabricant (1942). This method is part of the standard tool kit of economic
historians and used in many studies. One major problem of the traditional shift share method is the assumption
that productivity growth within each sector is not affected by structural change. Clearly productivity growth rates
are affected since, for example, productivity growth in agriculture is largely possible due to the employment
reallocation to manufacturing and services. For example, labour productivity in South Korean agriculture
increased 5% annually during the period 1963-2005. It is not likely that this high growth rate could have been
sustained when in 2005 still 63% of the population was working in agriculture, as in 1963. Broadberry (1998)
argued that the shift-share analysis should be modified by assuming that the marginal productivity of workers
leaving shrinking sectors is equal to zero. Although this adjustment overestimated the effect of sectorial
expansions (Booth 2003), authors propose an extension and improvement of the traditional shift-share analysis
in a similar direction without overstating sectorial employment reallocation.

Authors suggest the following modified shift-share analysis:

PT—PO=3 (AT -PO)*S +X(ST-S)* (P -Py)  (4)
i€K,J i€K

Where: P being labour productivity, S i sectorial employment shares in the i-th sector (1,...,10), T indicating
the end of a period, O the beginning of a period, and a bar indicating period average.

The first term on the right hand side measures the contribution of within-sector productivity growth (intra
effect). The second term on the right hand side measures the contribution of sectorial reallocation of employment
to aggregate productivity growth (shift effect).

Y (Si"—-S°) * Py
i€J
With average labour productivity in shrinking sectors P7; = (5)
Y (Si"-S°)

i€
J the set of shrinking sectors, K the set of shrinking sectors.

The modified shift-share analysis decomposes growth in GDP per worker into improvements within industries
and improvements due to the reallocation of labour across industries. In the decomposition, authors account for
surplus labour. Furthermore, expanding sectors only contribute to productivity growth if their productivity level
is higher than the economy’s average (Timmer, Vries 2007, 2008).
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Conclusions
Productivity usually is perceived as a measure of output or value added per labour input (hour worked).

Analysis of relevant scientific literature in this research area let to reveal much more productivity measurement
options. From one point of view it can be related to labour movement from low productivity to high productivity
sectors and in such a manner contributing to aggregate country’s productivity growth. And from another point of
view productivity increase can be associated within sectors to capital accumulation, technological change,
innovation, etc.

In the structure of economy, due to economic sectors’ performance, productivity phenomenon can be accounted
by different shift-share (decomposition) methods: aggregate productivity accounting method encompassing
structural bonus, structural burden and within growth hypothesis; accelerations and decelerations in aggregate
productivity growth evaluation method. Each of listed methods could be used ad hoc depending on the purpose
of carried research. Hence, proper evaluating of productivity could provide possibilities of economy
restructuring, which, in its turn would facilitate sustainable development and long-term competitiveness
increase.
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