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Abstract

Economic structure encompasses the composition of growth determinants of each
industry and their aggregation to the growth of the gross value added in the present
dissertation. Changes in the composition of determinants impact the growth rate of the
individual industries and the total economy. Industrial growth determinants are com-
posed of hours worked and particular labour productivity constituents. The growth
determinants of different economies are central to both the research and political
agendas. The main object of the present research is the determinants of industrial
growth and their impact for economic growth. The main goal of the dissertation is to
estimate the composition of industrial growth determinants and evaluate their impact
on the growth of the total economy. The dissertation encompasses the following tasks:
to research industrial performance and economic growth interrelations; to evaluate
critically the methods of labour productivity measurement, to ground the reasons of
the new method application and its improvement possibilities; to compose a method-
ology, in order to estimate industrial growth determinants and labour productivity
constituents for the growth of the total economy; to apply the methodology for coun-
tries researched; to perform a comparative analysis of Lithuania in the context of more
developed countries.

The dissertation consists of an introduction, three chapters, general conclu-
sions, references, summary in Lithuania, a list of publications by the author on the
topic of the dissertation and three annexes. The introduction presents the investi-
gated problem, the relevance of the dissertation, the object and the aim of the re-
search, describes the research methodology used for the task, the scientific im-
portance of the research, the results which are of practical significance and the
statements to be defended. Chapter 1 presents a theoretical studio of industrial
performance and economic growth attitudes. Chapter 2 presents the main groups
of methods for estimating industrial labour productivity. Chapter 3 presents the
newly composed methodology and empirical estimation results of Lithuania in the
context of more developed countries. The general conclusions are presented at the
end of the dissertation.

Ten articles focusing on the subject of the dissertation have been published:
eight articles were published in scientific journals, two articles — in other editions.
Three presentations on the thesis have been presented at the Business management
faculty of Vilnius Gediminas technical university during seminars for doctoral stu-
dents, and a further two at international conferences. Discussions on the calculations
have been carried out during a scientific internship (16/09/2014—16/11/2014) at the
IVIE research centre (Valencia, Spain) and at the University of Valencia (Valencia,
Spain) with researchers after the presentations had been given.



Reziumeé

Disertacijoje tkio strukttirg sudaro kiekvienos tikio Sakos pridétinés vertés
augimg lemianciy veiksniy sudétis ir juy agregavimas i bendros pridétinés vertés
augima. Veiksniy sudéties kitimas itakoja atskiry oikio Saky ir viso tikio ekonomi-
nio augimo tempa. Augima lemiancius veiksnius sudaro darbo valandos ir darbo
produktyvumo komponentai. Skirtingy $aliy ekonomiky augimo veiksniai yra itin
aktualts tiek tyrimy, tiek politiniuose lygmenyse. Disertacijos objektas — aikio
Saky augima lemiantys veiksniai ir jy poveikis ekonominiam augimui. Pagrindinis
disertacijos tikslas — nustatyti tikio Saky augima lemiancéiy veiksniy sudétj ir ju
poveikj tikio ekonominiam augimui.

Tikslui pasiekti disertacijoje iSkelti uzdaviniai: istirti Gkio Saky veiklos ir
ekonominio augimo sary$i; iSanalizuoti darbo produktyvumo apskai¢iavimo
metodus; pagristi naujo darbo produktyvumo apskai¢iavimo metodo pritaikymo
priezastis ir tobulinimo galimybes; sudaryti metodika, leidziancia jvertinti oikio
Saky augima lemianéiy veiksniy ir darbo produktyvumo komponenty sudéti bei
ju poveiki viso ikio ekonominiam augimui; patikrinti metodika tyrimui
pasirinktoms Salims; atlikti Lietuvos atvejo analize labiau iSsivysciusiy Saliy
kontekste.

Disertacija sudaro jvadas, trys skyriai, bendrosios iSvados, naudotos lit-
eratiiros $altiniy sarasSas, autorés moksliniy publikacijy disertacijos tema sarasas
ir trys priedai. Ivade atskleidziama tiriamoji problema, darbo aktualumas,
aprasomas tyrimy objektas, formuluojamas darbo tikslas bei uzdaviniai. Taip pat
apraSoma tyrimy metodika, darbo mokslinis naujumas, darbo rezultaty praktiné
reikSmé ir ginamieji teiginiai. Pirmame disertacijos skyriuje analizuojami teorin-
iai tikio Saky veiklos ekonominio augimo procese pozitriai. Antrajame disertaci-
jos skyriuje atlieckama tkio Saky darbo produktyvumo apskaic¢iavimo metody
kritiné analizé ir iSskiriamos pagrindinés metody grupés. TreCiajame skyriuje
pateikiama naujai sudaryta metodika, norint jvertinti Saliy tkiy augima le-
mianciy veiksniy poveiki ekonominiam augimui. Disertacijos pabaigoje pateik-
tos bendrosios iSvados.

Disertacijos tematika paskelbta deSimt straipsniy: astuoni — tarptautiniuose
mokslo Zzurnaluose, du — kituose mokslo leidiniuose. VieSinant disertacijos re-
zultatus buvo pristatyti dvéjose tarptautinése konferencijose. Skaic¢iavimy klau-
simais buvo diskutuojama mokslinés stazuotés metu (2014/09/16-2014/11/16)
tyrimy centre IVIE (Valensija, Ispanija) bei Valensijos universitete (Valensija,
Ispanija).
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Abbreviations

C — consumption;

CAP — capital compensation;

CEEC — central and eastern countries;
CLVL - chain linked volume;

COMP — compensation of employees;
Contr — contribution;

CT — communications equipment;
ESA — European System of Accounts;
EU — European Union;

FCE - final consumption expenditure;
FDI — foreign direct investment;

FES — fundamental economic structure;
G — government spending;

GDI — gross domestic income;

GDP- gross domestic product;

GMI — gross mixed income;

GNI — gross national income;

GCF — gross capital formation;

GFCF — gross fixed capital formation;
GPT — general purposed technologies;
GOS — gross operating surplus;

Notations
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GVA — gross value added;

H — hours;

I — investment;

ICT- information capital group (IT, CT, Softw);

Int — intangibles;

IT — computing equipment,

KLEMS - the project of capital, labour, energy, material, services data;
Knowlg — knowledge based capital group (LC, IT, CT, Int, MFP);
LAB — labour compensation;

LC - labour composition;

LP — labour productivity;

M — imports;

MFP — multi-factor productivity;

Nom — nominal;

NonICT — non-information capital group (Tr, OMash, NResid, Resid, Other);
NResid — non-residential structures;

OECD - the Organization for Economic Co-operation and Development;
OMash — Other machinery and equipment;

RCA —related comparative advantage;

ROA —return on assets;

Resid — residential structures;

R&D — research and development;

Softw — software;

Stock — capital stock;

Tr — transport equipment;

VA — value added;

X — exports.
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Introduction

Problem formulation

Economic structure encompasses the composition of growth determinants of
each industry and their aggregation to the growth of the gross value added in
the present dissertation. Changes in the composition of determinants impact
the growth rate of individual industries and the total economy. Industrial
growth determinants are composed of hours worked the and particular labour
productivity constituents. Particular labour productivity constituents reflect
different types of labour and capital (labour composition (LC), computing
equipment (IT), communications equipment (CT), transport equipment (Tr),
Other machinery and equipment (OMash), non-residential structures (NResid),
residential structures (Resid), intangibles (Intang)). Furthermore, the estimation
of multi-factor productivity (MFP) is of vital importance, as it reflects the effi-
ciency of all inputs.

Classically industrial labour productivity (LP) is expressed as the value ad-
ded (VA) created per time unit (hour worked). This measurement is still used by
the Lithuanian statistics department and Eurostat. With regard to the latest atti-
tude towards the measurement of labour productivity, labour productivity consti-
tuents are considered to be important facets for a comparative economic analysis
and should, therefore, be accounted.
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The scientific problem of the present thesis — classical measurement of la-
bour productivity does not reveal the constituents of labour productivity and lack
of methodologies, enabling to estimate the composition of detailed economic
growth determinants and their impact on the growth of the total economy.

Relevance of the thesis

The problem investigated in the dissertation is relevant for several reasons.

Firstly, the national statistical departments of the European Union countries
are recommended to estimate industrial growth determinants and labour produc-
tivity constituents, and compose growth and productivity accounts in the latest
European Parliament and Council Regulation due the preparation of national
accounts (No. 549/2013, p. 525). The Lithuanian statistics department only star-
ted using this regulation at the beginning of September 2014, and is not working
on the preparation on these accounts.

Secondly, the EU KLEMS and WORLD KLEMS projects lack detailed re-
sults of the application of growth accounting method for the less developed
countries (including Lithuania), which could complement international academic
standards.

Finally, particular industrial growth determinants of labour productivity are
notably at the centre of both the contemporary research and political agendas.
Moreover, the importance of labour productivity is emphasised in economic
growth and development theories, and in contemporary approaches to sustaina-
ble development.

The object of the research

The main object of the present research is the determinants of industrial growth
and their impact on economic growth.

The aim of the thesis

The main aim of the thesis is to estimate the composition of industrial growth
determinants and evaluate their impact for the growth on the total economy.
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The objectives of the thesis

In order to achieve the aim — the following objectives had to be solved:

1. To research industrial performance and economic growth interrelations.

2. To evaluate critically the methods of labour productivity measurement.

3. To ground the reasons of the new method application and ways of its

improvement.

4. To compose a methodology, in order to estimate industrial growth
determinants and labour productivity constituents for the growth of the
total economy.

. To apply methodology for countries researched.
6. To perform a comparative analysis of Lithuania in the context of more
developed countries.

()]

Research methodology

To investigate the object, the following research methods were chosen:

— In the first chapter of the thesis context analysis, grouping analysis, com-
parative analysis, generalization analysis, induction, and deduction methods
were applied.

— In the second chapter of the thesis grouping, comparative, and generaliza-
tion analysis were applied.

— In the third chapter the growth accounting method was employed in the
empirical section. A comparative analysis was performed for the evaluation of
results. The MS Office EXCEL 2013 package was used to perform calculations.

Scientific novelty of the thesis

The scientific importance of the research accomplished for the science of eco-
nomics is as follows:

1. In the present thesis reasoned new methodology is appropriate for each
country, purposed to evaluate its value added growth determinants (hours
worked and particular labour productivity constituents), and the pattern
of economic structure, combining different kinds of industrial classifiers
(i.e. ISIC 3, ISIC 4, NACE rev. 1, NACE rev. 2).

2. In the present thesis grounded new labour productivity indicators, labour
productivity constituents (IT, CT, Tr, OMash, NResid, Resid, Intang),
supplement the indicators, provided by the databases (e.g. Lithuanian sta-
tistics department, Eurostat).
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(98}

. The evaluation of capital services is motivated at national level.

4. Derived detail capital contributors to economic growth (according
ESA’95 asset classifier), not only ICT and nonICT capital groups.

5. Extended knowledge based capital conception — for labour composition

(LC), computer equipment (IT), communications equipment (CT), and

multi-factor productivity (MFP) could be added all the group of intangi-

ble capital (Int).

Practical value of research findings

The methodology composed in the present thesis could be practically useful for
Lithuanian statistics department or Eurostat due to the supplement the contem-
porary data bases by productivity measurement accounts and estimation of capi-
tal services.

The results of the research can be benevolent for interested parties when
forming industrial policies for the entire economy, or its separate industries. The
research results can be used for forecasting and encouraging some purposive
structural changes in the Lithuanian economy.

The statements to be defended

Based on the results of present investigation the following statements may serve
as the official hypotheses to be defended:

1. In the present thesis reasoned new attitude estimates the composition of
economic structure growth determinants and their impact for growth of
the total economy.

2. The composition of growth determinants impact the growth rate of indi-
vidual industries and the latter in their turn affect the growth rate of the
total economy.

3. In the present thesis grounded new labour productivity indicators, labour
productivity constituents, enable to measure labour productivity in more
depth and complement the one provided by Lithuanian statistics depart-
ment and Eurostat databases.

4. In the present thesis motivated new attitude estimates the proximate
sources of growth of different economies. Its implication for less devel-
oped country decreased the heterogeneity of the issue.
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Approval of the reseach findings

There are ten scientific publications on the topic of the dissertation: eight articles
were published in scientific journals (Lankauskiene & Tvaronaviciene 2011;
Tvaronaviciene & Lankauskiene 2011; Tvaronaviciene & Lankauskiene 2011;
Tvaronaviciene & Lankauskiene 2012; Lankauskiene & Tvaronaviciene 2012;
Tvaronaviciene & Lankauskiene 2013; Lankauskiene & Tvaronaviciene 2013;
Lankauskiene 2014), two articles — in other editions (Lankauskiene &
Tvaronaviciene 2012; Lankauskiene & Tvaronaviciene 2014). The results of the
research have been announced at two international conferences:

— “Contemporary issues in Business, Management and Education2012”,
held in Vilnius in 2012;

— “Business and Management 2014”, held in Vilnius in 2014.

Three presentations on the thesis have been given at the Business manage-
ment faculty of Vilnius Gediminas technical university during seminars for doc-
toral students and two at international conferences. Discussions on the calculations
have been carried out during a scientific internship (16/09/2014— 16/11/2014) at
the IVIE research centre (Valencia, Spain) and the University of Valencia (Valen-
cia, Spain) with researchers after the presentations had been given.

Structure of the thesis

The dissertation is composed of an introduction, three chapters and general con-
clusions, the list of references, the list of publications by the author on the dis-
sertation topic and annexes.

Dissertation volume — 110 pages, including the summary but excluding an-
nexes, in which forty two formulas, four figures and seven tables were used. 174
literature references were used when preparing the dissertation.
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Industrial performance in the
economic growth process:
theoretical approaches

1.1. Economic growth and sustainable development

The research area of economic growth has a long history. Studies on the origin
of economic growth date back to the XVIII" century. Economic growth is most
generally regarded as an increase in the standard of living of a nation’s popula-
tion associated with its growth from a simple, low-income economy to a mod-
ern, high-income economy. The scope of economic growth includes the process
and policies by which a nation improves the economic, political, and social well-
being of its people.

Economic growth is measured by GDP (gross domestic product) or GDP
per inhabitant. There are three methods to determine GDP, which are provided
in Table 1.1.

All the estimations of GDP accounted by different methods should provide
the same value. In practice, however, errors in measurement usually occur, and
estimates differ when provided by national statistical agencies.
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Economic progress is considered to be an essential factor in the develop-
ment of countries. Most generally, economic development encompasses exten-
sive economic growth (output enlargement, using more resources) and intensive
economic growth, namely an increase in productivity, the implementation of
innovation, and the creation of new jobs. Economic development is a process
which can be defined as the appointive mobilisation of social, financial, organi-
sational, physical, and natural resources in order to improve the quality of com-
petitive services and products, and to increase their quantity for the community.
As a result, many different factors can determine the economic growth of a
country (Ginevicius & Podvezko 2006; Lankauskiene & Tvaronaviciene 2011;
Tvaronaviciene & Lankauskiene 2011). The main goal of economic growth and
development is to foster the speed of asset creation. Furthermore, every nation
tries to put all its efforts into reaching the maximum results and improving its
developmental level, as the well-being of its people depends on this
(Lankauskiene & Tvaronaviciene 2011). Development is not a purely economic
phenomenon, it is perceived as a multi-dimensional process involving the reor-
ganisation and reorientation of the entire economic and social system. By adding
the dimension of the environment, the term “sustainable development” is ob-
tained, which is now extremely popular in contemporary scientific literature
(Tvaronaviciene & Lankauskiene 2011; Tvaronaviciene & Lankauskiene 2012).

Table 1.1. GDP accounting methods in economics (Blanchard 2007)

Production Gross value added = gross value of output — the value of intermediate con-
approach sumption.

Value of output = the value of the total sales of goods and services plus the
value of changes in the inventories.

Value of intermediate consumption = an accounting flow which consists of the
total monetary value of goods and services consumed or used up as inputs in
production by enterprises, including raw materials, services, and various other
operating expenses.

In order to measure gross value added all economic activities (i.e. industries)
are classified into various sectors. After classifying economic activities, the
gross value added is calculated as the sum of the value added of each industry.
It measures the value of GDP at basic prices. GDP at basic prices plus indirect
taxes less subsidies on products = GDP at market prices.
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End of Table 1.1

Income
approach

GDP = COMP + GOS + GMI

Compensation of employees (COMP) measures the total remuneration paid to
employees for work done. It includes wages and salaries, as well as employer
contributions to social security and other such programmes.

Gross operating surplus (GOS) is the surplus due to owners of incorporated
businesses. It is often called profit.

Gross mixed income (GMI) is the same measure as GOS, but for unincorpo-
rated businesses. This often includes most small businesses.

The sum of the COE, GOS and GMI is called the total factor income; this is
the income of all of the factors of production in a society. It measures the value
of GDP at basic prices. GDP at basic prices plus indirect taxes less subsidies
on products = GDP at market prices.

Expenditure
approach

The sum of the final uses of goods and services measured in purchasers prices.
GDP=C+I+G+(X-M)

Consumption (C) is normally the largest GDP component in the economy,
consisting of private (household final consumption) expenditure in the econo-
my. These personal expenditures fall into one of the following categories:
durable goods, non-durable goods, and services.

Investment (I) includes, for instance, business investment in equipment, but does
not include exchanges of existing assets. Examples might include the construc-
tion of a new mine, the purchase of software, or the purchase of machinery and
equipment for a factory. Spending by households (not the government) on new
houses is also included in investment. In contrast to its colloquial meaning, "in-
vestment" in terms of GDP does not mean purchases of financial products. The
buying of financial products is classed as 'saving', as opposed to investment. This
avoids double-counting: if one buys shares in a company, and that company uses
the money received to buy plants, equipment, etc., then the amount will be
counted toward GDP when the company spends the money on those things; to
also count it when one gives it to a company would mean that an amount which
corresponds to one group of products would be be counted twice. The buying of
bonds or stocks is a swapping of deeds, a transfer of claims on future production,
not an expenditure on products directly.

G (government spending) is the sum of government expenditures on final goods
and services. It includes the salaries of public servants, purchases of weapons for
the military and any investment expenditure by a government. It does not include
any transfer payments, such as social security or unemployment benefits.

X (exports) represents gross exports. GDP captures the amount a country pro-
duces, including goods and services produced for consumption by other na-
tions. For this reason exports are added.

M (imports) represents gross imports. Imports are subtracted since imported
goods will be included in the terms G, I, or C, and must be deducted to avoid
counting foreign supply as domestic.

GDP = FCE + GCF + (X — M)

Final consumption expenditure (FCE) can then be further broken down into three
sectors (households, governments, and non-profit institutions serving house-
holds) and gross capital formation (GCF) into five sectors (non-financial corpora-
tions, financial corporations, households, governments and non-profit institutions
serving households). The advantage of this second definition is that expenditure
is systematically broken down. Firstly, into its type of final use (final consump-
tion or capital formation). Secondly, into the sectors which make up the expendi-
ture. The first definition only partly follows a mixed delimitation concept by is
type of final use and sector.
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Sustainable development is a complex notion, which one is treated differ-
ently (Rutkauskas er al. 2014). On one hand, it is very broad as it may be related
to the competitiveness of a given country (Balkyte & Tvaronaviciene 2010).
While on the other hand, sustainable development is estimated by a broad array
of indicators (Tvaronaviciene & Lankauskiene 2011; Stankeviciene ef al. 2014).
Moreover, Stankeviciene and Cepulyte provide facets of sustainable value crea-
tion (Stankeviciene & Cepulyte 2014). The term “sustainable development”
emerged in the context of the development and insecure economic activity of
humanity (Lankauskiene & Tvaronaviciene 2012). This concept became rather
widespread around the end of the XX™ century. It was realised that although
economic growth was of vital importance, it had to be a different kind of growth,
e.g. one targeted at a combination of the needs of people, while at the same time
and sensitive to the needs of the environment. The concept states that it is suffi-
ciency and not economic efficiency that should be the goal. A distinction needs
to be drawn between growth, i.e. quantitative change, and development, i.e.
qualitative change (Du Pisani & Jacobus 2006). The concept of sustainable de-
velopment is more profound and comprehensive than economic growth. The
essence of sustainable development is clear enough — most generally it is per-
ceived as economic development meeting human needs at present and not reduc-
ing its wealth opportunities in the future (Ciegis & Ramanauskiene 2009). Ac-
cording to the World Bank’s 1992 definition, “sustainable development is a
development that continues”. Another scientific article states that “sustainable
development is a development that meets the needs at present without compro-
mising the ability of future generations to meet their own needs” (Du Pisani &
Jacobus 2006). Ruchi (2009) cited sustainable development as “development
that is likely to achieve lasting satisfaction of human needs and improvement of
the quality of human life”. Although the concept of sustainable development has
been created for a more sophisticated society, which cares about the wealth-
being of the next generations, this issue has some opponents. The term “sustain-
able development” is often criticized because of its vagueness. The philosopher
Luc Ferry described this term as obligatory, but he also found it absurd or rather
so vague, that it said nothing. He also added that the above-mentioned term was
trivial as proof of its contradiction and presented the idea of sustainable devel-
opment as untenable development, claiming that this term was more charming
than meaningful (Ruchi 2009). Most people point to the positive impact that
sustainable development has had, and the author will reasonably focus on its
beneficial side. Furthermore, the concept of sustainable development, according
to Dietrich Bonhoeffer, is defined as “the ultimate test of a moral society is the
kind of the world that it leaves to its children” (Ruchi 2009; Tvaronaviciene &
Lankauskiene 2011).
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1.2. Industrial performance

Each economy consists of economic sectors. Economic sectors are composed of
economic branches or industries. Hereinafter in this thesis economic branches will
be regarded as industries. The term economic structure reflects the composition of
industries and the share of value added they bring to the gross value added. In the
empirical part of the thesis economic structure will encompass and the detailed
sources of gross value added growth (this is covered in more in depth in 3.1).

Economic growth and the generation of income ultimately depend on the
competitive performance of individual enterprises. The competitiveness of these
enterprises in turn depends on the relative abundance (and hence cost) of re-
sources, as well as the incentives and capabilities to use them in a productive and
sustainable manner. Even though many determinants, such as macroeconomic
stability, the corporate tax rate, or the operation of factor markets, are thus shaped
by the general business environment, the relative intensity in factor use, the incen-
tives to pursue opportunities, and the specific capabilities required for transform-
ing them into successful business vary between sectors and industries.

As a consequence, countries differ greatly in their industrial growth and
performance. Within an identical macroeconomic setting, they show considera-
ble strength in some industries and weaknesses in others. Based on the goals of
the Lisbon Agenda, a comparison of aggregate measures can only provide an
incomplete picture of the competitiveness of European countries. Competitive-
ness is a multifaceted target for which no single and fully comprehensive meas-
ure currently exists. A multitude of objectives must be taken into account when
striving for a “general” picture (Peneder 2009). Researchers assess the competi-
tive performance of industries along the following set of ten selected indicators:

Growth

The growth of value added indicates an economy’s success in creating in-
come and thus its ability to increase material well-being. For given con-
straints with respect to a society’s non-economic goals, such as social
fairness or ecological sustainability, it is probably the most straightfor-
ward target of economic activity.

The growth of employment or hours worked indicates not only success in
mobilising productive resources, but also the ability to offer people jobs
and participation. As labour input is also a cost factor in production, its
growth is not unconditional. If it is meant to be sustained, the growth of
value added and productivity must keep pace accordingly.
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Productivity

Classically labour productivity (LP) is measured as the ratio of output (ei-
ther gross output or value added) per labour input (either employment or
hours worked). But there more factors which determine labour productivi-
ty growth not only labour input, e.g. capital input. Capital input to labour
productivity is not separated by national statistical agencies. The relevant
scientific literature provides the latest newly composed method of labour
productivity measurement in the growth rate of value added (this is cov-
ered in more in depth in 2.3). In the empirical part of the present thesis the
author uses labour productivity accounting by new method (this is cov-
ered in more in depth in the third section).

Multifactor productivity (MFP) is derived by the latest labour productivity
measurement approach which is described above. It nets out the returns to
all other inputs, i.e. capital (and intermediates in the case of a gross output
specification), and is, therefore, the most comprehensive measure of the ef-
ficiency of operations. Multifactor productivity is calculated as a residual,
i.e. the gain in output which cannot be assigned to any measurable input.

Profitability

The net profit margin is the ratio of the after-tax revenue net of extraordi-
nary items (and associated taxes) to sales. Indicating the efficient transla-
tion of sales into profits, the net profit margin tells how much profit is
made for every dollar of revenue generated.

Indicating the efficient use of assets to generate profits, the return on as-
sets (ROA) is calculated as the ratio of after-tax profit net of extraordinary
items to assets. The ROA figure offers an idea of how effectively a com-
pany is converting its available investment funds into net income, both
through debt and equity financing.

International trade

The revealed comparative advantage (RCA) indicator measures trade spe-
cialisation. It is defined as the logarithm of the export to import relation of
one sector divided by the export to import relation of all sectors. Positive
RCA values indicate the comparative advantages and negative values rep-
resent the comparative disadvantages of a particular industry.

Export market shares reflect the capacity to respond to external demand or
open up new markets in direct comparison to international competitors.
They show how much of the total “world” export is covered by the export.
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Foreign direct investments (FDI)

The ratio of inward FDI stock to value added indicates the contribution of
FDIs to the formation of capital, stimulating value added and employment
but also the acquisition of new technology and management practices in
the host market.

Analogously, the ratio of outward FDI stocks to value added reflects a
corresponding outflow of capital. However, it can also be an indication of
corporate strength, in which companies venture abroad to seize opportuni-
ties from foreign markets and resources (Peneder 2009).

Industrial performance is driven by a myriad of distinct sources. At present,
no single, comprehensive theory exists which can explain the role of these ele-
ments within a jointly integrated economic model. However, many of them are
the subject matter of different strands.

Peneder (2009) organised six groups of related determinants: macroeconomic
conditions, demand side factors, inputs to production, R & D and innovation, mar-
ket structure, and, finally, openness and barriers to trade (Peneder 2009). Figure
1.1 illiustrates the six major determinants of sectorial performance.

The following industrial performance possibilities in the structure of the
economy targeted at economic growth, can be distinguished in the relevant scien-
tific literature: structural change, structural transformation, structural growth, and
structural development. It is important to note that structural change and transfor-
mation are quite similar expressions, as are structural growth and development.

4. R&D and innovation
-R&D expenditures 5. Market structure
-technological regimes -entry, exit, firm turnover
3. Inputs to production -distribution and firms according to size

-industry concentration
-regulatory impact

-ICT and non-ICT capital
-High, medium, low skilled labor

D)
4

2. Demand side factors
-consumer expenditure
-investment spending
-net exports
-intermediary demand

Industrial performance:
Structural change
Structural transformation
Structural growth

Structural development

6. Openness & barriers to trade
-export openness

-import penetration
-liberalization of trade in services

1. Macroeconomic conditions

-fluctuations in aggregate GDP/employment
-interest rates, exchange rates

-corporate taxes, government expenditures
-relative prices

Fig.1.1. The stylised model of selected sectorial performance drivers
(edited by the author with reference to Peneder 2009)
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1.3. The findings of Lithuanian researchers

Independently of industrial performance possibilities, the most important aspect
for economic growth remains unchanged, i.e. the growth rate of VA they com-
pose annually and carry to the GVA growth rate. Moreover, as was indicated in
1.2, the growth of GVA is considered to be sustained if it keeps pace with labour
productivity growth accordingly. And for the process of sustainable develop-
ment to elabourate (e.g. Lankauskiene & Tvaronaviciene 2012), it is of vital
importance that economic sectors develop in a sustainable manner. Sustainable
development is now associated with an increase in the living standards through
economic progress (Lankauskiene & Tvaronaviciene 2011; Lankauskiene &
Tvaronaviciene 2012), encompassing the development of knowledge-based and
innovation susceptible sectors, but not by exploiting non-renewable natural re-
sources (Tvaronaviciene & Lankauskiene 2013).

The processes of modern economic growth and catch-up do not merely in-
volve significant increase in productivity levels, and also entail changes in the
distribution of inputs and outputs across sectors. Kuznets stated that “it is impos-
sible to attain high rates of growth per capita or per worker without commensu-
rate the substantial shifts in the shares of various sectors” (Kuznets 1979). The
hypothesis that structural change is an important source of growth, and produc-
tivity improvement is a central tenet of growth accounting literature, and is de-
rived from classical dual economy models of (Lewis 1954). The performance of
economic sectors is a rather new trend in economics and is called “structural
economics”. Economic growth cannot be perceived without the role of economic
sectors, as they are the constituents of economy. Structural change is the central
insight of development economics. Economic growth is reflected in economic
sector performance and entails structural change. Structural change, narrowly
defined as the reallocation of labour across economic sectors, featured in Kuz-
nets’s the early literature on economic development (1966). As labour and other
resources move from traditional to modern economic activities, overall produc-
tivity rises and income expands. The nature and speed with which structural
transformation takes place is considered to be one of the key factors which dif-
ferentiate successful countries from unsuccessful ones. Therefore, the new struc-
tural economists argue that economic structures should be the starting point for a
comparative economic analysis and the design of appropriate policies. The pro-
cess of structural change has been widely discussed in the relevant foreign scien-
tific literature starting with the factors which determine the performance of eco-
nomic sectors and structural changes (e.g. Kummel et al 2002; Yudha &
Masaru 2012; Peneder ef al. 2003; Dumenil & Levy 1995; Domingo & Tonella
2000), and the impact of its performance (e.g. Cornwall 1994; Sanchez & Duarte
2006; Christiaensen & Jesper 2011; Padoan 1998; Vaona 2011; Murshed & Se-
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rino 2011; Nakatani 2007), ending with the actual insights and various conclu-
sions about the relevant economic structure targeted at a countries development
(Jorgenson & Timmer 2009; Sauramo & Maliranta 2011; Freeman & Soete
1997; Perez 1983; Perez 1985; Gualerzi 1996), and particular research methods
of the topic (Fisher 1939; Baumol 1967; Ninomiya & Yoshimoto 2008; Ander-
sen 2001; Hartwig 2010; Hishiyama 1996). On the contrary, the issue of eco-
nomic structure fostering economic growth is only vaguely analysed in the rele-
vant Lithuanian scientific literature. Only a small number of researchers have
focused on the analysis of the relevant GDP structure targeted to foster its eco-
nomic growth. Vilkas er al. researches economic growth and structural devel-
opment strategy. Stankevicius (2006) provided an overview of the structure of
the Lithuanian economy and its changes following World War I. Balciunas
(2000), Misiunas, and Kaminskiene (1999) researched the structure of the Lithu-
anian economy when the Baltic countries created a market economy.
Matuzeviciute, Skuncikiene, and Tamosaityte (2010) analysed the structure of
the economy, but the changes were not evaluated purposively in the context of
Lithuania’s economic growth.

The first Lithuanian researcher to research this issue in the more depth was
A. Vitas, who defended off PhD thesis, entitled “The economy structural chang-
es analysis and evaluation in the Baltic states” in 2012. A. Vitas proposed a mac-
roeconomic model for evaluating structural changes, i. e. the effectiveness of
structural changes:

Yim =Xy x (o + By + #W —#P ) x 1 +

Xy X (0 + By +#N +#W)x 1 +
x3><((x3+[33—#rEUR +#W)><t+

(1.1)

Xy x(oy +By —#P)xt+
x5 X (s +PBs +#N +#W —#Hrpp)xt+
Xg X (0g +Bg +#N +#W)xt

where Y,,,, — GDP change at the moment in time t, x; — industry sector part of
the economic structure, x, — service sector part of the economic structure, x; —
finance sector part of the economic structure, x, — agriculture sector part of the
economic structure, x5 — construction sector part of the economic structure, x; —
other sector parts of the economic structure, a; — productivity change in the rele-
vant i — th sector, f3; — change of capital return in the relevant i — th sector, #P, —
change in prices in agriculture production, #P,. — change in prices in industry
production, #N — change in population number, ## — change in average wage
level in the country, #7;x — change in interest rate (EURIBOR), £ — number of
years, used for forecasting the economic structure changes (Vitas 2012).
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Two more publications focused on the subject of economic sectors
(Lankauskiene & Tvaronaviciene 2012; Tvaronaviciene & Lankauskiene 2013).
As economic sector performance, structural changes are the main contributors to
a country’s economic growth — this competitive advantage has already been rec-
ognised and well developed by advanced nations, while in Lithuania this issue
attracts only vague attention. As a result, it is of vital importance for Lithuania to
dedicate relevant attention to industrial performance targeted at the country’s
economic growth.

1.4. Genesis of economic growth and
development theories

There have been many discussions about production factors fostering economic
growth (Bond et al. 2010; Sarkar 2007; Briec & Cavaignac 2007; Kosempel
2004), and the economic sectors which compose economies (Jaimovich 2011;
Halkos & Tzeremes 2008; Tanuwidjaja & Thangavelu 2007; Sonobe et al. 2004)
in the contemporary scientific literature. Moreover, there are many opinions and
thoughts how different factors determine the development of industries (e.g.
Karnitis 2011; Stanczyk 2011; Grybaite 2011; Korsakiene et al. 2011; Balkyte &
Tvaronaviciene 2011; Kazmierczyk 2012). The roots of the discussions men-
tioned above can be found in long-term economic growth and development theo-
ries (Lankaukiene & Tvaronaviciene 2012; Tvaronaviciene & Lankauskiene
2012). Therefore, this section provides the overview of economic growth and
development theories in order to distinguish those, which are of vital importance
for economic growth. The purpose of this section is to provide an overview of
the theories of economic growth and development, which could be found in the
relevant scientific literature, and present matters of substance for development
economists through the prism of production factors and economic sectors. The
major and often competing growth and development theories will be over-
viewed, insights into which will be provided and useful perspectives on the na-
ture of development will be emphasised.

Theories of economic growth and development

It is important to mention that the history of economic growth and development
theories dates back to the XVIII"™ century and elaborated upon economic, politi-
cal, and sociological theories which had existed from ancient times onwards.
One of the key theorists was Adam Smith, who influenced the later ideas on
economic growth and development. His book “An inquiry into the nature and
causes of the wealth of nations” was published in 1776. In the XVIII™ century,
trade was the major force for economic growth. Merchants and, in particular, the
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large trading companies wanted to safeguard their interests in order to avoid
unnecessary competition. Protectionism included high import tariffs for goods
produced outside the country. This made it cheaper for customers to buy domes-
tically produced goods. Adam Smith argued that this form of regulation was
detrimental for the economic growth of a country and greater wealth for all citi-
zens. He insisted that greater attention should be paid to production, rather than
trade in economic development. He claimed that divisions of labour would help
to improve productivity and, therefore, economic growth and wealth creation.
He also argued that the operation of the system would be better regulated by the
“invisible hand of market” rather than by the state (Willis 2005). Smith’s work is
still very influential in contemporary science because of his theories on the role
of the market in economic development. As a result, Adam Smith’s discussion
of the division of labour led to implication that economic development can be
implied as a process of sectorial diversification and increasing specialisation
within the economy. Such a dynamic pattern is also described by Allyn Young
(1928), who writes that “industrial differentiation has been and remains the type
of change characteristically associated with the growth of production”. Similar-
ly, Landes (1969) argues that the most evident effects brought about by the In-
dustrial Revolution were the increase in the variety of products and the gains
made in productivity (Jaimovich 2011).

Another highly influential classical economist was David Ricardo. He was
a great advocate of free trade and developed theory of “comparative advantage”.
According to his theory, countries should concentrate on producing and then
selling those goods in which they have an advantage in terms of their assets,
such as land, mineral resources, labour, technical, or scientific expertise. Ricardo
argued that is more beneficial for the economic growth of a country to specialise
in this way, rather than to attempt to produce everything. The next theory to be-
come influential was that of the British economist John Maynard Keynes, who
published his “General theory of employment, interest and money” in 1936.
Keynes’ argument was that the free market was not necessarily the positive force
that many, following Adam Smith, believed. Keynes argued that the key to
growth was real investment, i.e. investment in new (rather than replacement)
infrastructure projects. This investment he claimed, would have a positive effect
on job creation and the further generation of wealth (Willis 2005).

It can be noticed that the state has an important role to play in the different
approaches to economic growth, it can even be an interventionist, on which all
the further development depends. In Marx’s theory of development the follow-
ing stages of development could be presented: ancient feudalism, capitalism, and
then socialism (Willis 2005). Jorge Larrain (1989) presents the following theo-
ries of development: capitalism, colonialism, and dependency. Another distribu-
tion of development theories is according to continental models (e.g. Lee 2006).
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The following groups of growth and development theories can be suggested
from an analysis of the vast amount of relevant scientific literature on post
—1945 development theories:

1. The linear stages of growth theories.

2. Theories and patterns of structural change.

3. The international dependence revolution.

4. The neoclassical, free market counterrevolution.

5. The new growth theory.

6. The unified growth theory.

Each of the above group of theories will be described hereinafter in order to
provide the main features of each.

The linear stages of growth theories

After the Second World War, economists in the industrialised nations were lost.
There was no conceptual idea how to analyse the process of economic growth in
large agrarian societies which lacked modern economic structures. Even so, the
undeniable fact is that all modern industrial nations were once undeveloped
agrarian societies. Surely, their historical experience in transforming their econ-
omies from poor agricultural subsistence societies to modern industrial giants
had important lessons for countries in Asia, Africa, and Latin America. The log-
ical answer to this phenomenon, presented above, leads to the idea that the capi-
tal and historical experience of the now developed countries would allow these
countries to reach their contemporary status.

The American historian Walt W. Rostow provided the most influential
stages-of-growth model of development. According to his model, the transition
from underdevelopment to development can be described in terms of a series of
steps or stages through which all countries must proceed. As Rostow wrote in
the opening chapter of The Stages of Economic Growth:

“This book presents an economic historian’s way of generalising the sweep
of modern history...it is possible to identify all societies, in their economic di-
mensions, as lying within one of five categories; the traditional society, the pre-
conditions for “take-off” into “self-sustaining™ growth, the “take-off”, the drive
to maturity and the age of high mass consumption...These stages are not merely
descriptive. They are not merely a way of generalising certain factual observa-
tions about the sequence of development of modern societies. They have an in-
ner logic and continuity...They constitute, in the end, both a theory about eco-
nomic growth and a more general, if still highly partial, theory about modern
history as a whole” (Rowstow 1960).

Rostow implies, that country has to accumulate the amount of savings
needed, in order for country to enter what he called the “take-off” stage as part
of the path from underdevelopment (traditional society) to “self-sustaining
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growth”. Moreover, the idea of the economy sectors can be seen in his model as
well. Rostow wrote that a traditional society (which he indicated as one which
had not yet reached the stage of self-sustaining development or even “take-off”
stage) was one based on agriculture. The “take-off” stage had the features of
technical innovation, changing international economic development, invest-
ments, and the accumulation of savings, a substantial manufacturing sector, and
appropriate institutional arrangements e.g. a banking system. The maturity phase
had to contain the following features: an extended range of technology, savings
accounting for 10-20 percent of national income. The age of mass consumption
provided the following features: the widespread consumption of durable goods
and services, increased spending on welfare services. Advanced countries, it was
argued, had all passed the stage of “take-off” into “self-sustaining growth”
whereas underdeveloped countries were still in either the traditional society or
the “preconditions” stage and had only to follow a certain set of development
rules to bring about their “take-off” in their turn into “self-sustaining economic
growth” (Theobald 1961; Willis 2005). Rostow’s stages theory is usually taken
as “the pre-eminent theory of development through the early 1960s” (Dietz
1983). One of the principal strategies of development necessary for any “take-
off” was the mobilisation of domestic and foreign savings in order to generate
sufficient investment to accelerate economic growth.

The economic mechanism by which more investment leads to more growth
can described in terms of the Harrod-Domar growth model, often referred to
today as the AK model, due to the fact that it is based on a linear production
function. The main question elaborated by Harrod and Domar was about the
circumstances, under which an economy could be capable of achieving steady
growth. Researchers viewed instability in economic growth as a result of a fail-
ure to equate a “warranted” and a “natural” rate of growth. The warranted rate of
growth is dependent on the savings rate and given capital requirement per unit of
output. The natural rate is the maximum long-term sustainable rate of growth
(Todaro & Smith 2011; Vernon 1988). In order to grow, economies must save
and invest a certain proportion of their GDP. The more they can invest, the faster
they can growth. But the actual rate, at which they can grow for any saving and
investment, depends on how much additional output can be had from an addi-
tional unit of investment.

In addition to investment, two other components of economic growth are
labour force growth and technological progress. In the context of the Harrod-
Domar model labour force is not described explicitly. This is because labour is
assumed to be abundant in the context of a developing country and can be hired
as needed in a given proportion to capital investments (this assumption is not
always valid). In a general way, technological progress can be expressed in the
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Harrod-Domar model context as a decrease in the required capital-output ratio,
giving more growth for a given level of investment.

Moreover, critics of this model claim that the mechanisms of development
embodied in the theory of the stages of growth model do not always work. The
basic reason why it does not work was not because more saving and investment
is not a necessary condition for accelerated rates of economic growth, but rather
because it is not a sufficient condition (Todaro & Smith 2011).

Theories of patterns and structural change

Structural-change theory concentrates on the process through which underdevel-
oped economies transform their domestic economic structures from traditional
subsistence agriculture to a more modern, more urbanised, and more industrially
diverse manufacturing and service economy. It employs the tools of neoclassical
price, resource allocation theory, and econometrics to describe how this transfor-
mation process takes place. Two well-known representative examples of the struc-
tural-change approach are the “two-sector surplus labour” theoretical model of W.
Arthur Lewis, later on expanded on by Choo, John Fei, and Gustav Ranis, and the
“patterns of development” empirical analysis of Chenery (Chenery 1960; Chenery
& Syrquin 1975; Chenery & Taylor 1968) and his co-researchers.

One of the best known early theoretical models of development to focuse
on the structural transformation of a primary subsistence economy that formulat-
ed by the Nobel laureate W. Arthur Lewis in the mid-1950s and later modified,
formalised and extended by John Fei and Gustav Ranis. The Lewis two-sector
model became the general theory of the development process in surplus-labour
developing nations for most of the 1960s and early 1970s and is sometimes still
applied, particularly to study the recent growth experience in China and the la-
bour markets in other developing countries. This model illuminates important
aspects of many underdeveloped economies much more than any more models
currently proposed. Lewis’ major condition is the emergence and growth of a
capitalist sector, as a condition of economic development, as this sector alone
generates the required savings and investment. According to Lewis, capitalists
(who may be state capitalists or wealthy industrialists, including companies) are
the only source of productive saving; other classes or groups do not save or in-
vest significantly. Professor Lewis also writes (p. 335): “the proportion engaged
in manufacturing is therefore, like the proportion engaged in agriculture, one of
the clearest indicates of degree of economic growth” (Lewis 1955). In the Lewis
model, underdeveloped economies consist of two sectors: a traditional, overpop-
ulated rural subsistence sector, characterised by zero marginal labour productivi-
ty and a high productivity modern urban industrial sector into which labour from
the subsistence sector is gradually transferred. The primary focus of the model is
on both the process of labour transfer and the growth of output and employment
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in the modern sector. The speed by which this expansion occurs is determined
by the rate of industrial investment and capital accumulation in the modern sec-
tor. Such investment is made possible by the excess of modern-sector profits
over wages on the assumption that capitalists reinvest all their profits. This pro-
cess of modern-sector self-sustaining growth and employment expansion is as-
sumed to continue until all surplus rural labour is absorbed in the new industrial
sector (Todaro & Smith 2011).

In recent years, Gustav Ranis and John C. H. Fei have advanced a theory of
economic development based on the celebrated W. Arthur Lewis model of de-
velopment with unlimited supplies of labour. Their model of development em-
phasises the role of Lewis' neglected the agricultural sector focusing on the
Rostovian stage of “take-off™ to sustained growth and the impacts of technology
on development during this period. They believed that an underdeveloped coun-
try can successfully shift its centre of gravity from the agricultural sector to the
industrial sector by allocating its investible resources to maintain the balanced-
growth path, by maintaining the subsistence wage level and by adopting labour-
intensive technology until the “turning point” is reached. The Ranis-Fei model
may be theoretically consistent, but it is not empirically relevant (Choo 1971).

As with the earlier Lewis model, the patterns-of-development analysis of
structural change focuses on the sequential process through which the economic,
industrial, and institutional structure of underdeveloped economy is transformed
over time to permit new industries to replace traditional agriculture as the engine
of economic growth. However, in contrast to the Lewis model and the original
stages view of development, increased savings and investment are perceived by
patterns of development analysts being a necessary, but not sufficient conditions
for economic growth. In addition to the accumulation of capital, both physical
and human, a set of interrelated changes in the economic structure of a country
are required for the transition from a traditional economic system to a modern
one (Todaro & Smith 2011). The major hypothesis of the structural change
model is that development is an identifiable process of growth and change
whose main features are similar in all countries. However, the model does rec-
ognise that differences can arise among countries in the pace and pattern of de-
velopment, depending on their particular set of circumstances. Factors, influenc-
ing the development process, include a country’s resource endowment and size,
its government’s policies, objectives, the availability of external capital, tech-
nology, and the international trade environment.

The international dependence revolution

During the 1970s, international dependence models gained in popularity (espe-
cially among country intellectuals in developing countries), as a result of grow-
ing disenchantment with both linear-stages and structural-change models. While
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this theory largely degree went out of favour during the 1980s and 1990s, ver-
sions of it have enjoyed a resurgence in the XXI" century as some of its views
have been adopted by theorists and leaders of the anti-globalisation movement.
Essentially, international dependence models view developing countries as a set
by institutional, political, and economic rigidities, both domestic and interna-
tional, and caught up in a dependence and dominance relationship with rich
countries.

Whatever their ideological differences, the advocates of dependence models
of neoclassical dependence reject the emphasis on traditional economic theories
designed to accelerate the growth of GDP as the principal index of development.
They question the validity of the Lewis-type two sector models of modernisation
and industrialisation in light of their questionable assumptions and the recent
history of the developing world. They further reject the claims made by Chenery
and others that there are well defined empirical patterns of development which
should be pursued by most poor countries. Instead, dependence theorists place
more emphasis on international power imbalances and on the fundamental eco-
nomic, political, and institutional reforms, which are needed both domestically,
and worldwide. Moreover, dependence theories have two major weaknesses.
Firstly, although they offer an appealing explanation as to why many poor coun-
tries remain underdeveloped, they give no insight into how countries initiate and
sustain development. Secondly, and perhaps more importantly, the actual eco-
nomic experience of developing countries which have pursued revolutionary
campaigns of industrial nationalisation and state-run production has been mostly
negative. If dependence theory is taken at face value, it could be concluded that
the best course for developing countries is to become entangled with developed
countries as little as possible and instead pursue a policy of autarky, or inwardly
directed development, or at most only trade with other developing countries. But
those large countries which embarked on autarkic policies, such as China and, to
a significant extent, India, experienced stagnant growth and ultimately decided
to open their economies. China began this process after 1978 and India after
1990. At the opposite extreme, economies such as Taiwan and South Korea, and
more recently China, which have emphasised exports to developed countries
have grown strongly.

Traditional neoclassical growth theory

The neoclassical growth theory supports Adam Smith’s ideas about the “free
market”. One of the most influential representatives of this theory is Robert
Solow, who has won the Nobel Prize for economics. The Solow neoclassical
growth model in particular represented the seminal contribution to the neoclassi-
cal theory of growth. It differed from the Harrod-Domar model formulation by
adding a second factor, namely labour, and introducing a third independent vari-
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able, technology, to the growth equation. Technological progress became the
important factor in explaining long-term growth, and its level was assumed by
Solow and other neoclassical growth theorists to be determined exogenously,
that is, independently of all other factors in the model. According to traditional
neoclassical growth theory, output growth results from one or more of three fac-
tors: increases in labour quantity and quality (through population growth and
education), increases in capital (through savings and investment) and improve-
ments in technology (Smith & Todaro 2011). Solow was motivated by his scep-
ticism that a sustained rise in the savings rate is the key to the transition from a
slow to a fast growth path and by a concern that the capital-output ratio be re-
placed by a richer and more realistic representation of technology (Solow 1988).
Solow’s departure from the Harrod-Domar model was to substitute a variable
capital-output ratio for the fixed coefficient capital-output ratio of the Harrod-
Domar model. He insisted that the primary effort in his 1956 paper “is devoted
to a model long run growth which accepts all the Harrod-Domar model assump-
tions except that of fixed proportions” (Solow 1956; Vernon 1998).

The initial version of the Solow neo-classical model has been succinctly de-
scribed by Prescott. “The model has constant returns to scale aggregate produc-
tion with substitution between two inputs, capital, and labour. The model is
completed by assuming that a constant fraction of output is invested (Prescott
1988; Vernon 1998).

As with the dependence revolution of 1970s, the roots of the neoclassical
counterrevolution of the 1980s, lie in an economics-ideological view of the de-
veloping world and its problems. Whereas dependence theorists (many, but not
all, of whom were economists from developing countries) saw underdevelop-
ment as an externally induced phenomenon, neoclassical revisionists (most, but
not all, of whom were Western economists) saw the problem as an internally
induced phenomenon of developing countries, caused by too much government
intervention and bad economic policies. Such finger-pointing on both sides is
not uncommon in issues as contentious as those which divide rich and poor na-
tions. The problem is that many developing economies are so different in terms
of their structure and organisation from their Western counterparts, that the be-
havioural assumptions and policy precepts of traditional neoclassical theory are
sometimes questionable and often incorrect.

New growth theory — endogenous growth

The new growth theory endogenises growth (King & Rebelo 1993; Eltis 2000)
and provides the theoretical framework for analysing endogenous growth, per-
sistent GNI growth which is determined by the system, governing the production
of the initial process rather than by forces outside the system. In contrast to tra-
ditional neoclassical theory, these models hold GNI growth to be a natural con-
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sequence of long-term equilibrium. More precisely, endogenous growth models
tend to explain the factors, which determine the rate of growth of GDP which
are left unexplained and exogenously determined in the Solow neoclassical
growth model.

The new growth theory was initially motivated by the apparent inconsisten-
cy between implications of the neoclassical theory’s lack of evidence of conver-
gence towards state growth even among presently developed economies (Romer
1986) and by the inability to successfully account for differences in income
growth rates levels across countries (Romer 1986). “By assigning such a great a
role to technology as a source of growth, the theory is obliged to assign corre-
spondingly minor roles to everything else and so has very little ability to account
for the wide diversity in growth rates that the author observes” (Lucas 1988).
Lucas (1988) stresses the spill-over effects of human capital by modelling the
externalities accruing to the production process from “learning by doing”
(Sarkar 2007). Romer argued that what is needed is “an equilibrium model in
which long-term growth is driven primarily by the accumulation of knowledge
by forward-looking, profit maximising agents” (Romer 1986). The initial endog-
enous growth models advanced by Romer (1986) suggest that long-term growth
is driven primarily by the accumulation of knowledge. However, the creation of
new knowledge by one firm is assumed to generate positive-external effects on
the production technology of other forms. Furthermore, the production of goods
for consumption, which is a function of both the stock of knowledge and other
inputs, exhibits increasing returns. Lucas proposed a second alternative of the
neoclassical model. In his assumption, human capital serves as an engine of eco-
nomic growth. He employed a two sector model in which human capital is pro-
duced by a single input, namely, human capital and which the final output is
produced by both human and physical capital. In both the “Lucas” and “Romer”
models in addition to the “internal effects” on the workers own productivity,
“external effects” represent the source of scale economies and enhance the
productivity of other factors of production. In both cases the accumulation of
human capital involves the sacrifice of current utility.

In 1990 Romer advanced the alternative endogenous growth model in
which he followed Lucas in emphasising the importance of human capital in the
development of new knowledge economy. He departed from Lucas in that the
basic inputs in the model were capital, raw labour, human capital, and an index
of the level of technology. According to Romer “neoclassical growth theory
explains growth in terms of interactions between two basic types of factors:
technology and conventional inputs. The new theory divides the world into two
fundamentally different types of productive inputs which the author can call
“ideas” and “things”. Ideas are non-rival goods, things are rival goods. Ideas are
goods that are produced and distributed just as other goods are (Romer 1996).
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In researchers’ judgement the most important substantive contribution of
these new growth theories was the endogenisation of human capital formation.
Thus, the incentive to accumulate both human and physical capital may persist
indefinitely and long-term growth in per capita income can be sustained. Follow-
ing Lucas’ and Romer’ s suggestions that the industrial research not only gener-
ates the specific technical information that allows a firm to produce new products,
but also contributes to the general scientific knowledge which can be explained by
other economic agents in order to develop R&D activities which are essential to
maintain the growth of alternative models of technical competition.

An important shortcoming in the new growth theories is that they remain
dependent on a number of traditional neoclassical assumptions which are often
inappropriate for developing countries. For example, it assumes that there is, but
in a single sector of production or that sectors are symmetrical. This does not
permit the crucial growth-generating reallocation of labour and capital among
those sectors which are transformed during the process of structural change.
Moreover, economic growth in developing countries is frequently impeded by
inefficiencies arising from poor infrastructure, inadequate institutional struc-
tures, imperfect capital and goods markets. As endogenous growth models over-
look these very influential factors, its applicability for the study of economic
development is limited, especially when country-to-country comparisons are
involved.

Unified growth theory

The inconsistency of exogenous and endogenous growth models with some of the
most fundamental features of the growth process led to the development of a uni-
fied theory of economic growth, providing the underlying driving forces which
trigger the transition from stagnation to growth and the divergence in income per
capita across regions of the world. Unified growth theory was first advanced by
Oded Galor and his co-researchers who were able to characterise an initial stable
Malthusian equilibrium in a single dynamical system which due to the evolution
of latent state variables, ultimately vanishes endogenously, causing a transitional
growth take off before the system gradually converges to a modern growth steady-
state equilibrium. The Malthusian state is characterised by slow technological pro-
gress and population growth, where the benefits of technological progress are off-
set by population growth. In the modern growth state technological progress does
not encourage population growth, but the accumulation of human capital instead
which then further spurs technological progress.

Unified Growth Theory sheds light on three fundamental aspects of com-
parative economic development. Firstly, it identifies the factors which govern
the pace of the transition from stagnation to growth and contribute to the ob-
served worldwide differences in economic development. Secondly, it uncovers
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the forces which spark the emergence of multiple growth regimes and conver-
gence clubs. Thirdly, it underlines the persistent effects that variations in pre-
historical bio geographical conditions have generated on the global composition
of human capital and economic development (Galor 2010).

1.5. Contemporary approaches in the context
of sustainable development

This section provides an overview of contemporary approaches to industrial
performance in the structure of the economy targeted at economic growth. In
order to determine, which common approach is being adopted most frequently
by foreign researchers while researching this issue, all articles in the Structural
Change and Economic Dynamics journal from the period between 19962013
will be overviewed, including some other scientific papers.

Peneder’s paper “Industrial structure and aggregate growth” aimed to give
an empirical validation of the impact of industrial structure on aggregate income
and growth. Various mechanisms for the linkage between meso-structure and
macro-performance were identified: the income elasticity of demand, the struc-
tural bonus versus burden hypotheses, differential propensities towards entre-
preneurial discovery, and producer or user related spill-overs. Following a dis-
cussion on detailed results from conventional shift-share analysis, dynamic panel
estimations were applied to a standard growth model augmented by structural
variables. Based on data from 28 OECD countries, the results confirmed that
industrial structure has been a significant determinant of macroeconomic devel-
opment and growth in the 1990s (Peneder 2003).

One more paper examines the role of structural change in explaining aggre-
gate productivity growth in the manufacturing sector of four Asian countries
over the period 1963—1993. The paper used a conventional shift-share analysis
to measure the impact of shifts in both labour and capital inputs. The results did
not support the structural-bonus hypothesis, which states that during industrial
development, factor inputs shift to more productive branches (Timmer & Szir-
mai 2000).

A further paper implied that the structural characteristics of an economy be-
long to the most important indicators of a country’s or regions economic devel-
opment. The shares of manufacturing, agriculture, and services in total em-
ployment, as well as the shares of employment in different occupational and
educational groups are closely correlated to aggregate indicators of wealth. It is
also widely known that the economies of the former socialist Central and East-
ern European countries (CEEC) have faced substantial problems in reallocating
resources from unproductive to more productive uses on their way to a closer
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integration into the world economy. They started their transition to market econ-
omies with an employment structure that was heavily centred on industrial (and
in some countries also agricultural) employment, extremely large enterprises,
and an almost complete predominance of state owned firms. It, thus, comes as
no surprise that these countries and their regions have experienced substantial
structural change since the start of market-oriented reforms (Huber & Mayerho-
fer 20006).

Another paper entitled “Structural change and the growth of industrial sec-
tors. Empirical Test of a GPT Model” investigated the empirical relevance of a
model of structural change and the growth of industrial sectors. The model ana-
lysed the process of the diffusion of general-purpose technologies (GPTs) and
how this affects the dynamic performance of manufacturing and service indus-
tries. An empirical analysis studied the dynamics and the determinants of labour
productivity growth for a large number of sectors in 18 OECD countries over the
period 1970-2005. The results of a dynamic panel data and cross-sectional anal-
ysis provided support for the empirical validity of the model. Industries which
are close to the core of ICT-related GPTs are characterised by greater innovative
capabilities and have recently experienced a more dynamic performance. Simi-
larly, countries, which have been able to shift their industrial structure toward
these high-opportunity manufacturing and service industries, have grown more
rapidly (Castellacci 2010).

Another paper implied that there are obvious gaps between long-term
change in economic structure and its principal driving force-technological pro-
gress. History has shown the influence of technological progress on the economy
and current insights in technological development can almost predict the techno-
logical waves of the next 50 years, but their potential impact on the economy has
not yet been assessed. In this paper, researchers aimed to simulate the evolution
of economic structure as represented by input-output structure under specific
technological change. A new version of a dynamic input-output model was de-
veloped, in which both technological progress and deployment are endogenous.
Investment in R&D drives the development of new technologies, the installation
of capital stock brings new technical processes into sector production, new and
old technical processes within a sector exchange their relative weights in pro-
duction as they are phased in or out, and sectors evolve or transform over time.
A scenario analysis using this model was applied to the Chinese electric power
industry to show that the phasing-in of non-fossil energy technology will greatly
change the structure of both the sector and the economy over the next 100 years
(Pan 2006).

The researchers of another scientific article developed a tractable, three-
sector model to study structural changes in an open economy. Their model fea-
tures an endogenous pattern of trade dictated by comparative advantage. The
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researchers derived an intuitive expression linking sectorial employment shares
to sectorial expenditure shares and to sectorial net export shares of total GDP.
They show how these driving forces can generate the “hump” pattern that char-
acterises the manufacturing employment share as a country develops, even when
manufacturing is the sector with the highest productivity growth (Yi & Zhang
2010).

A further paper employed an input-output framework to identify the contri-
bution of economy-wide changes in technology and international trade to secto-
rial output growth in the German economy in the 1990s. By distinguishing two
manufacturing sectors, a manufacturing core of export-oriented sectors and the
rest of manufacturing, it subsequently formulated several scenarios about the
structural changes that are assumed to take place in each of these subsectors.
Comparing the resulting output and employment to actual base-year values, the
researchers were thus able to identify the impact of the most important changes
within manufacturing on, in particular, two subsectors of business-related ser-
vices. The quantitative analysis established the order of magnitude — which is
considerable — by which the latter have profited from structural changes in the
manufacturing sector (Franke & Kalmbach 2005).

Another paper examined the emergence of manufacturing in developing
countries in the period 1950-2005. It presented new data on structural change in
a sample of 67 developing countries and 21 advanced economies. The paper
examined the theoretical and empirical evidence for the proposition that indus-
trialisation acts as an engine of growth in developing countries and attempts to
quantify different aspects of this debate. The statistical evidence is not complete-
ly straightforward. Manufacturing has been important for growth in developing
countries, but not all expectations of the “engine of growth hypotheses are borne
out by the data”. The more general historical evidence provides more support for
the industrialisation thesis (Szirmai 2012).

The diversity of technological activities which contribute to a growth in la-
bour productivity is examined in another article. Its researchers test the rele-
vance of two “engines of growth”, i.e., the strategies of technological competi-
tiveness (based on innovation in products and markets) and cost competitiveness
(relying on innovation in processes and machinery) and their impact on econom-
ic performance. The researchers proposed models for the determinants of chang-
es in labour productivity. They carried out empirical tests for both the whole
economy and for the four Revised Pavitt classes that group manufacturing and
services industries with distinct patterns of innovation. The tests were carried out
by pooling industries, countries and three time periods, using innovation survey
data linked to economic variables. The results confirmed the specificity of the
two “engines of growth”; economic performances in European industries appear
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as the result of different innovation models, with strong specificities of the four
Revised Pavitt classes (Bogliacino & Pianta 2011).

The paper described below analysed the determinants of structural change
and aggregate productivity growth on the basis of the aggregation of the behav-
iour of heterogeneous firms in different economic sectors. At the same time, this
model accounts for the evolution of market by providing a consistent generalisa-
tion of standard replicator dynamic models, focusing only on a single industry.
This paper showed that understanding structural change has to be grounded on a
macroeconomic consistent aggregation mechanism reflecting the underlying
theory of sorting and selection. It also shows that the combined effect on sectori-
al output growth of selection on firms’ unit costs and sorting by income elastici-
ty of sectorial demand depends upon the specific institutional characteristics of
the market, upon the specific position that a sector occupies in the whole econ-
omy, in terms of product characteristics and substitutability and, finally, upon
the output growth and average unit costs of substitute sectors. Moreover, the
selection process and the institutional settings in which it unfolds, combined
with sectorial income elasticities, guide aggregate productivity growth, which
can display positive values even without technological change at firm level
(Montobbio 2002).

One further paper investigates how countries become specialised in export-
ing specific producer services, particularly financial, communication, and busi-
ness services. The researchers found that a country’s ability to develop a com-
petitive service economy depends on the structure of its manufacturing sector, as
some manufacturing industries are more intensive users of these services. More-
over, the researchers found a virtuous cycle, as the same service producers are
also intensive users of these producer services. Finally, the researchers found
that information and communication technologies have a significant impact on
trade performance of these producer services (Guerrieri & Meliciani 2005).

A study entitled “Engines of growth in the US economy” implied that there
is good reason to believe that R&D influences on MFP (multi-factor productivi-
ty) growth in other sectors are indirect. For R&D to spill over, it must first be
successful in the home sector. Indeed, observed spill-overs conform better to
MFP growth than to R&D in the upstream sectors. Sectorial MFP growth rates
are thus inter-related. Solving the inter-sectorial MFP equation resolves overall
MFP growth into sources of growth. The solution essentially eliminates spill-
overs and amounts to a novel decomposition of MFP growth. The top 10 sectors
are designated “engines of growth” led by computers and office machinery. The
results are contrasted with the standard, Domar decomposition of MFP growth
(Raa & Wolff 2000).

One further piece of research explored the relationship between countries’
pattern of trade specialisation and long-term economic growth. It shows that
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countries specialising in the export of natural resource based products only fail
to grow if they do not succeed in diversifying their economies and export struc-
ture. This conclusion follows from an empirical investigation that has three in-
novative features. Firstly, it used a dynamic panel data analysis. Secondly, it
employed disaggregated trade data sets to elabourate the different measures of
trade specialisation which distinguish between unprocessed and manufactured
natural resource products and are informative about the countries’ trade diversi-
fication experience, their link to world demand trends and involvement in intra-
industry trade. The final innovative aspect of the paper relates to its empirical
findings: it is only specialisation in unprocessed natural resource products which
down economic growth, as this impedes the emergence of more dynamic pat-
terns of trade specialisation (Mursheda & Serinoc 2011).

In a piece of research entitled “Structural convergence of European coun-
tries”, the researchers investigated the development of economic structures of
Western European countries over the last three decades using employment data.
The authors tested for structural convergence on the aggregate level as well as
specifically for manufacturing and service industries. For this the researchers
implemented both time-series and panel data methods. The results showed
strong and persistent inter-sectorial convergence patterns as lagging countries
shift from industrialised to service economies. In contrast, the results regarding
inter-industry convergence are mixed: due to one-country specialization effects,
increasing divergence is dominant in technology-intensive manufacturing indus-
tries, which are characterized by economies of scale, path-dependency and
strong economic growth. In less technology intensive industries both conver-
gence and divergence trends were found, depending on the existence of econo-
mies of scale. In traditional service branches, country-specific differences do not
change to a significant extent, whereas in some industries with potential for ra-
tionalisation, convergence prevails (Palana & Schmiedebergb 2010).

A 2012 study contributed to the understanding of the regional structure of
the Chilean economy utilising the fundamental economic structure (FES) ap-
proach. The regional FES construct implies the selected characteristics of an
economy will vary predictably with economic size, as measured by regions: do-
mestic product, population, total value added, and total sector output. The over-
arching problem addressed in this piece of research was whether identifiable
patterns of relations among regional macro aggregates and economic transac-
tions can be revealed via regional input-output tables. Jensen, West, and Hew-
ings discussed the tiered, partitioned, and temporal approaches to the identifica-
tion of FES using regional input-output table and spatial economic data. This
research addressed the following four research questions: Does a regional FES
exist for the Chilean economy? What proportions of the cells are predictable?
Can stability patterns in the intermediate transaction table be identified for Chil-
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ean regional economy? Which economic transactions are the most important
across regional economies in Chile? Four regression models: linear-linear, line-
ar-logarithmic, linear-inverse, and linear-logarithmic of inverse are run to identi-
fied the largest proportion of predictable FES cells for the Chilean regional
economy. The regional input-output tables (1996) for the 13 regions compiled
by the National Institute of Statistics of Chile provide data for the analysis. A
FES analysis showed that 75% cells are predictable, 34% are stable, and 25%
are important for Chilean regional economies. A further, 7% of the total funda-
mental economic activities were predictable, were stable and were important
simultaneously. These strong FES-based economic activities consisted of chem-
icals, rubber, petroleum, and plastics as well as public services among several
other fundamental industries (Thakur & Alvayay 2012).

Another paper presented a structural North-South model on structural
change, industrialisation and economic convergence. In a balance-of-payments-
constrained macro-setting, researchers assume a cumulative process between
industrialisation and growth. In different manner from the traditional post-
Keynesian models, the researchers endogenised the productive structure of de-
veloping countries. The researchers enquired as to how industrialisation affects
uneven development and convergence processes. Multiple growth paths and a
long-term path-dependent equilibrium emerged. Industrialisation proved to be a
necessary but not sufficient condition for catching-up. Good management by the
domestic institutions of domestic industrialisation was seen to be a complemen-
tary requirement (Botta 2009).

One more paper proposed an economic model to analyse the dynamic inter-
action among capital accumulation, economic structure, and preference in a per-
fectly competitive economic system. The system consists of three sectors: agricul-
ture, industry, and service. A typical consumer’s utility is dependent on
consumption of agricultural and industrial goods, services, housing and wealth.
The size of the territory is given and public land ownership is assumed. The model
in this study was influenced by the structural approaches of, for example, Leontief,
Sraffa and Pasinetti. The traditional neoclassical growth models, such as the
Solow-Swan one-sector model, the Uzawa two-sector model and the Ricardian
models of Samuelson and Pasinetti, may be considered, from a structural point of
view, as special cases of the model in this study. Conditions for the existence of
equilibria and stability were provided. The effects of changes in some parameters
on the long-term economic structure are examined (Zhang 1996).

The objective of the next paper was to summarise the essential aspects and
types of structural change which may contribute to the development of a general
theory. First, a brief ontological introduction presented the underlying
worldview and clarified the meaning of key terms. Secondly, the basic general
mechanisms of structural change were explored and the relationships between
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them pointed out. Finally, some considerations were made about the use of the
developed concepts in the prediction, analysis, and management of structural
change situations (Domingo & Tonella 2000).

Another paper showed that levels and trends of comparative labour produc-
tivity in manufacturing differ from levels and trends of labour productivity at the
whole economy level, suggesting that structure and structural change play an
important role in the growth process. Persistent differences in productivity levels
are related to the choice between standardised mass production and craft flexible
production technologies. These technological choices are shown to affect the
development of human capital because of the different requirements of the two
systems for shop floor, management, and research skills (Broadberry 1995).

The main characteristics of economic growth of nations are a sustained in-
crease in the growth of output and factor productivity, and a widespread process
of structural transformation. In their paper, the researchers contrasted two of the
important researchers who do not ignore structural change: Kuznets and Pasinet-
ti. Over several decades, the two approaches have developed in an almost or-
thogonal manner. The researchers discussed the reasons and evaluated the rele-
vance of the approaches for the study of economic development (Syrquin 2010).

The relationship between economic structure and productivity growth has
been the subject of increasing interest over recent decades. The innovative focus
of another paper concernsed the role of the service sector in this relationship.
Services play a core role in advanced economies, both from a quantitative and a
strategic point of view. However, empirical research in this area lies considera-
bly behind the research into the agricultural and manufacturing sectors. This
paper focused on the impact of tertiarisation on overall productivity growth,
using a sample of 37 OECD countries in the period between 1980 and 2005. The
results partially refuted traditional knowledge on the productivity of services.
Contrary to what conventional theories suggest, this research demonstrates that
several tertiary activities have shown dynamic productivity growth rates, while
their contribution to overall productivity growth plays a more important role
than was historically believed (Maroto-Sanchez & Cuadrado-Roura 2009).

In his article, Fagerberg (2000) found changes in the employment share of
the electrical machinery industry to positively impact the manufacturing sector
productivity growth. Fagerberg’s approach has some methodological drawbacks,
however. This note seeks to complement Fagerberg’s analysis by estimating the
impact of the employment share of technologically progressive industries using
a more adequate methodology (Fagerberg 2000).

Fagerberg’s claim that the share of the “electronics” industry positively af-
fects manufacturing is confirmed. However, the size of the impact, and as a con-
sequence the extent of spill-overs, is found to be much smaller than was estimat-
ed by Fagerberg (Carree 2003).
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The next paper investigated the driving forces behind the recent stages of
this development. Focusing on international input-output data from the early
1970s to the 1990s, a decomposition analysis separated the quantitative impact
of demand, technology, and trade determinants of output growth. The findings
confirmed the rise of knowledge-based services as the most dynamic compo-
nent, thus strengthening the case for “quarterisation”, as a process which is dis-
tinctly characterised by the substantial contribution of technological and organi-
sational change to structural development (Peneder ef al. 2001).

In a further paper the researchers estimated multi-factor productivity (MFP)
growth in agriculture, industry, and services in new European Union Member
States. Moreover, show how structural change contributes to growth. Because of
the difficulties in measuring the capital stock of transition economies, they de-
veloped a model which estimates sectorial MFPs from data on sectorial em-
ployment and GDP per capita. Compared to Austria, new EU Member States
have lower MFP levels, but their MFP growth is largely higher. Inter-sectorial
movements of labour do not play a large role in aggregate MFP growth, and
capital accumulation is an important component of convergence to EU levels of
per capita GDP (Bah & Brada 2009).

Another paper documented the comparative productivity performance of
the United States and Britain since 1870, showing the importance of develop-
ments in services. The researchers identified the transition in market services
from customised, low-volume, high margin business organised on a network
basis to standardised, high-volume, low-margin business with hierarchical man-
agement, as a key factor. A model of the interaction between technology, organ-
isation and economic performance is then provided, focusing on the transition
from networks to hierarchies. Four general lessons were drawn: developments in
services must be analysed if the major changes in comparative productivity per-
formance among nations are to be understood fully; different technologies and
organizational forms can co-exist efficiently; technological change can cause
difficulties of adjustment in technology-using sectors if it is not suited to the
social capabilities of the society; the reversal of technological trends can lead to
reversal of comparative productivity performance (Broadberry & Ghosal 2005).

A piece of research entitled “The service paradox and endogenous econom-
ic growth” (2006) it is stated that “stagnant services” are characterised by low
productivity growth and rising prices, but also, and paradoxically, by output
growth proportional to the rest of the economy, and hence by an expanding em-
ployment share, with a negative effect on aggregate productivity growth. The
paper considered that many of these services, inclusive of education, health and
cultural services, contribute to human capital formation, thus enhancing growth.
This effect is distinguished according to whether it is a side-effect of spending
on services or an intentional investment by households, as in Lucas’ model.
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Preferences for services are assumed to rise with income. The main result is that
the productivity of stagnant services and their quality displayed in raising human
capital play a central role in opposing the negative Baumol effect on growth, and
in reinforcing the explanation of the paradox (Pugno 2006).

The other paper investigated empirically whether the growing service sector
in China has led to cost disease, a likely consequence of tertiarisation according
to Baumol’s unbalanced growth model. The investigation uses a panel data set
of 30 provinces. The key findings are: the currently positive contribution of the
service sector to growth is largely due to shifts of labour from the primary sector
into services; however, signs of cost disease are discernible from weak responses
to price signals in demand for services, in wage determination and labour input
demand of the service sector (Qin 2006).

1.6. Conclusions of Chapter 1 and formulation
of objectives

1. Economic growth is the increase in the market value of the goods and ser-
vices produced by an economy over time. It is conventionally measured as
the growth of the percentage rate of GDP. There are three main methods
for its accounting in the science of economics: production, income, and
expenditure.

2. Economies are composed of economic sectors, and the latter are com-
posed of economic branches — industries. Industrial performance in the
structure of economy encompasses the following concepts: growth, de-
velopment, transformation, and structural changes. The latter is most
generally used in contemporary scientific literature.

3. Industrial performance targeted at economic growth is most generally
measured by the growth of the percentage rate of gross value added.

4. Many different factors determine the performance of industries: macroe-
conomic conditions, demand side factors, inputs to production, R&D and
innovations, market structure, openness and barriers to trade, etc. The au-
thor focuses on inputs to production in the present thesis.

5. Scrutinised economic growth and development theories through the
lenses of inputs to production and structural changes have conveyed the
following observations:
5.1.1n the oldest theories the inputs to production could be preferred to be

those in which a country is abundant or has the comparative ad-
vantage. Moreover, investments were considered to be of vital im-
portance. Later on with the emergence of the relevant groups of eco-
nomic growth and development theories after the Second World War
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the following inputs to production can be distinguished: the accumu-
lation of savings and reinvestment, capital accumulation (both human
and physical), technological change, innovation, and knowledge. Fur-
thermore, labour productivity is considered to be of vital importance.

5.2.The process of sectorial diversification and increasing specialisation
within the economy could be found in an idea that dates back to old-
est development theorists. Structural change models with their repre-
sentatives provide the profound ideas that structural changes are
needed for country, targeted to reach self-sustained development.
According to those theories, development could be reached only by
transferring the traditional agriculture sector to the manufacturing
sector and then to the diversified services sector. Another implication
could be noticed, that there are common structural change patterns of
development that each country has to overcome, in order to reach
sustainable development.

5.3.Generalizing, even though the development and economic growth
theories may seem contradictory, each of them has valuable insights
to offer for development economics. Furthermore, theories vary due
to the context and the priority sequence of inputs to production.
Moreover, they are not abundant. On the contrast, when talking about
economy sectors, a consistency could be noticed in the structural
change of economy.

6. Research into economic structure and growth is widespread in foreign
scientific literature. The roots of economic structure and growth rates are
considered to be important for the sustainable growth of a country.
Moreover, there are many on-going discussions beginning from the fac-
tors, determining the performance of economic branches, and ending
with insights into the relevant economic structure fostering growth and
productivity. The insufficient attention paid to the impact of economic
sectors on Lithuania’s economic development has encouraged a very rea-
sonable necessity for more in-depth research on this issue.

7. The most relevant approach which could be distinguished in the contem-
porary approaches of industrial performance and economic growth in the
context of sustainable development is productivity.

8. An overview of industrial labour productivity measurement methods is
needed for the further elaboration of this issue.

The following objectives have been defined after the research of theoretical
approaches of industrial performance and economic growth interrelations:
1. To evaluate critically the methods of labour productivity measurement;
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. To ground the reasons of the new method application and ways of its

improvement;

. To compose a methodology, in order to estimate industrial growth

determinants and labour productivity constituents for the growth of the
total economy;

. To apply methodology for countries researched;
. To perform a comparative analysis of Lithuania in the context of more

developed countries.



Industrial labour productivity
estimation methods

2.1. The aggregate productivity growth
evaluation method

What is the impact of structural change on labour productivity growth? In response to
this question many researchers use an empirical methodology, designed to analyse
such issues, often referred to as “shift-share analyses”. It has been frequently used by
among others economic geographers, economic historians, industrial economists, and
trade analysts. Essentially, it is a purely descriptive technique which attempts to de-
compose the change of an aggregate into a structural component, reflecting changes in
the composition of the aggregate, and changes within the individual units which make
up the aggregate. As such, it is closely related to an analysis of variance. There are
many versions of this methodology, the main difference being the choice of the base
year or “weights”: initial year, final year, some kind of “average”, linked, etc. Each of
the version usually has its critics as well as defenders. The reason for this is the well-
known result in index number theory that if, for example, initial or final year weights
are applied throughout in decomposition, a residual will. Therefore, many versions of
this methodology try to reduce this residual as much as possible (Tanuwidjaja &
Thangavelu 2007; Lankauskiene & Tvaronaviciene 2014).

37
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Many researchers examine the effects of recent structural changes on the
growth of labour productivity. The traditional assumption of the growth account-
ing literature is that structural change is an important source of growth and over-
all productivity improvements. The standard hypothesis assumes a surplus of
labour in some (less productive) parts of the economy (such as agriculture),
meaning that 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 using by the example of Asian
economies by Timmer and Szirmai (2000), a large sample of OECD and devel-
oping countries (Fagerberg 2000), and more recently by Peneder for the USA,
Japan and the EU Member States (Peneder 2009). The overall developments
regarding output, employment, and productivity described above mask substan-
tial structural changes within economies and their individual sectors. Structural
changes reflect inter alia different speeds of restructuring and resulting efticien-
cy gains or losses at industrial level.

The impact of structural change on aggregate productivity growth is evalu-
ated by the frequently applied shift-share analysis in an analogy by 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 an anal-
ysis of productivity developments in countries where data limitations prevent
more sophisticated econometric approaches being used (Havlik 2005).

Using the same notation as presented by Peneder (2003), researchers have de-
composed the aggregate growth of labour productivity into three separate effects:

I:static.shift.effect
n
_ LE by (S fy=Siiby)
LBy =LPrpy =
growth(LP;) = =
LPT,by LPT,by
1I:dynamic.shift.effect 1II:within.growth.effect
n n
X (LB, g —LEpy)(Si fp=Sipy) T (LB f,=LE 3y )Sipy
L=l 4 =1 , (2.1)
LPT,hy LE by

where LP — labour productivity; by — base year; fy — final year; 7 — Y over indus-
tries i; S; — share of the industry in total employment.
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Firstly, the structural component is calculated as the sum of the 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 known as the static shift effect. It is posi-
tive/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 upgrade from low to higher productivity
industries. The structural bonus hypothesis thus corresponds to an expected posi-
tive contribution of the static shift effect to aggregate growth of labour produc-
tivity (Havlik 2005).

The structural bonus hypothesis:

n
Y LPy (Si 5 —Siny)>0. (2.2)
i=1

Secondly, dynamic shift effects are captured by the sum of interactions of
changes in employment shares and changes in the labour productivity of indi-
vidual 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 la-
bour productivity cannot maintain their shares in the 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 a lower growth of labour produc-
tivity (Baumol 1967; Havlik 2005). The author would expect to confirm the va-
lidity 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).

The structural burden hypothesis:

D (LP 5 = LP ) Si sy = Sipy) <0 (23)
i=1

Thirdly, the “within-growth” effect corresponds to growth in aggregate la-
bour productivity under the assumption that no structural shifts in labour have
taken place and that each industry (sector) has maintained the same share in total
employment as in the base year. Researchers, however, recall that the frequently
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observed near equivalence of the within-growth effect and aggregate productivi-
ty growth cannot be used as evidence against differential growth between indus-
tries. Even in cases all the positive and negative structural effects net out, much
variation in productivity growth can be present at the more detailed level of ac-
tivities (Havlik 2005).

As productivity has a robust tendency to grow, the within-growth effect is
practically a summation over positive contributions only. On the contrary, for
each industry the sign of the contribution to both shift effects depends on wheth-
er labour shares have increased or decreased. The shift effects, therefore, capture
only the comparatively small increment to aggregate growth which is generated
by the net difference in productivity performance of the shifting share of the
labour resources. Even that increment can either be positive (structural bonus) or
negative (structural burden). In short, offsetting the effects of shifts in employ-
ment shares of industries with high and low levels of labour productivity, as well
as high and low productivity increases, explains why shift-share analyses regu-
larly fail to reveal substantial direct contributions of structural change to aggre-
gate growth (Havlik 2005; Lankauskiene & Tvaronaviciene 2014).

The decomposition method can be found in the scientific research “Struc-
tural change in the Centrope region” (Hurber & Mayerhofer 2006) and in “Is
growth of services an obstacle to productivity growth? A comparative analysis”
(Maroto-Sanchez & Cuadrado-Roura 2009). Both of these pieces of research
provide relationship between economy structure and productivity growth has
been the subject of increasing interest over recent decades. The innovative focus
of these paper concerns the role of the service sector in this relationship. Ser-
vices play a core role in advanced economies, both from a quantitative and a
strategic point of view. However, empirical research in this area lags considera-
bly behind research into the agricultural and manufacturing sectors. Their paper
focuses on the impact of tertiarisation on overall productivity growth, using a
sample of 37 OECD countries in the period between 1980 and 2005. The results
partially refute traditional knowledge of the productivity of services. Contrary,
to what conventional theories suggested, namely that the service sector usually
has a negative impact on aggregate labour productivity growth, this research
demonstrated that several tertiary activities had shown dynamic productivity
growth rates, while their contribution to overall productivity growth played a
more important role than had been historically believed (Maroto-Sanchez &
Cuadrado-Roura 2009).

As stated above, Fagerberg (2000) also tried to answer the question “What
is the impact of structural change and productivity growth?”. He used “shift-
share analysis™ as well. Formally, the method applied is similar to the one, pre-
sented above, but there is a difference in the sequence of variables. He uses the
following method:
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Pz%zz—z%,-: , sz_zN—N 2:4)
where P — labour productivity; O — value added; N — labour input; 7 — industry.
Define
P = ]%—’l_; (2.5)
— , (2.6)

where P; — labour productivity in industry i; S; — the share of industry i in total
em ployment.

Then, by substituting the formula (2.5) and (2.6) to the formula (2.7):
Ij =2 (78]
Assume 2.7
AP = Pi - PO;AS = Si - So,etc.

Then, researchers give the “in growth rate form”:
1 /i 1

BoSi | AG-AS;  Sig-AL | (2.8)
) ) B

AP=2,

The first term (I) is the contribution to productivity growth from changes in the
allocation of labour between industries. It will be positive if the share of high
productivity industries in total employment increases at the expense of industries
with low productivity. Thus, it reflects the ability of a country to move resources
from low to high productivity activities. The second term (II) measures the inte-
raction between changes in productivity in individual industries and changes in
the allocation of labour across industries. This effect will be positive if the fast
growing sectors in terms of productivity also increase their share of total emp-
loyment. Hence, it reflects the ability of a country to reallocate its resources
towards industries with rapid productivity growth. The third (III) is the contribu-
tion from productivity growth within individual industries (weighted by the sha-
re of these industries in total employment) (Fagerberg 2000). The same methods
are being provided by Jalava (2006) and Van Ark, Hann (1997).
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Furthermore, labour productivity growth in an economy can be achieved in
one of two ways. Firstly, productivity can grow within economic sectors through
capital accumulation, technological change, or the reduction of misallocation
across plants. Secondly, labour can move across sectors, from low-productivity
sectors to high-productivity sectors, increasing overall labour productivity in the
economy. This can be expressed using the following decomposition:

AY, =3 O, 4 Ay + 2 A0, . 2.9
i=n i=n

where Y, ,y; ,— economy — wide and sectorial labour productivity levels; O it —
the share of employment in sector i; A — the change in productivity or employ-
ment shares between ¢ — & and .

The first term in the decomposition is the weighted sum of productivity
growth within individual sectors, where the weights are the employment share of
each sector at the beginning of the time period. Researchers call this the “within”
component of productivity growth. The second term captures the productivity
effect of labour reallocations across different sectors. It is essentially the inner
product of productivity levels (at the end of the time period) with the change in
employment shares across sectors. Researchers call this second term the “struc-
tural change” term. When changes in employment shares are positively correla-
ted with productivity levels, this term will be positive, and structural change will
increase economy-wide productivity growth (McMillan & Rodrij 2011).

The article “Deconstructing the BRICs: structural transformation and ag-
gregate productivity growth” studied structural transformation and its implica-
tions for productivity growth in the BRIC countries based on a new database that
provides trends in value added and employment at a detailed 35 industrial level.
Vries et al. (2012) found that for China, India, and Russia the reallocation of
labour across sectors is contributing to aggregate productivity growth, whereas,
in Brazil it is not. However, this result is overturned when a distinction is made
between formal and informal activities. The increasing formalisation of the Bra-
zilian economy since 2000 appears to be growth-enhancing, while in India the
increase in informality after the reforms is growth-reducing (Vries et al. 2012).

To measure the contribution of structural change to growth, the researchers
start with the canonical decomposition originating from Fabricant (1942). The
change in aggregate labour productivity levels (A P) can be written as:

AP=> APL; +R, (2.10)

where L ; — the average share of sector i in overall employment; R — the reallo-
cation term.
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In the formula (2.10) the change in aggregate productivity is decomposed into
within-sector productivity changes (the first term on the right-hand side which
researchers call the “within-effect” or “intra-effect”), and the effect of changes in
the sectorial allocation of labour which researchers call the “reallocation-effect”,
(the second term, also known as the “shift-effect” or “structural-change effect”).
The “within-effect” is positive (negative) when the weighted change in labour
productivity levels in sectors is positive (negative). The “reallocation-effect” is a
residual term, which measures the contribution of labour reallocation across sec-
tors, being positive (negative) when labour moves from less (more) to more (less)
productive sectors. One advantage of this approach above partial analyses of
productivity performance within individual sectors is that it accounts for aggregate
effects. For example, a high rate of productivity growth within say manufacturing
can have ambiguous implications for overall economic performance if manufac-
turing’s share of employment shrinks rather than expands. If the displaced labour
ends up in activities with lower productivity, economy-wide growth will suffer. It
should be noted that this reallocation term is only a static measure of the allocation
effect as it depends on differences in productivity levels across sectors, not growth
rates. Growth and levels are often, but not necessarily, correlated. The reallocation
term is often used as an indicator for the success of structural transformation
(Bosworth & Collins 2008; IADB 2010; McMillan & Rodrik 2011; Vries et al.
2011). Their paper investigated whether the reallocation term is affected by a
change in the level of aggregation used in the decomposition. Typically, decom-
positions are carried out at the level of broad sectors. This paper uses a more de-
tailed dataset finding different decomposition results. For example, aggregate
trends in manufacturing might hide considerable variation at a lower level. Aggre-
gate manufacturing productivity growth might be the result of a shrinking formal
sector, outsourcing labour-intensive activities to small informal firms. This effect
is picked up as a negative reallocation effect in our more detailed decomposition
analysis, but not by an analysis based on aggregate manufacturing data. Structural
change will be growth-reducing when the shift of labour from formal to informal
activities is properly accounted for. In the following sections researchers were able
to show that this is indeed the case for India after the reforms. Put more formally,
let each sector i consists of a number of subsectors j. As before, for each sector i
the change in labour productivity is given by a weighted growth of subsectors j,
with share of j in i employment as weights, and a residual term measuring the real-
location across industries in a sector i (R)):

AP=> APL;+R;, (2.11)

where L ;;is the average share of subsector j in sector i employment.



44 2. INDUSTRIAL LABOUR PRODUCTIVITY ESTIMATION METHODS

Substituting the formula (2.10) with (2.11) to (2.12), it is easily shown that
them change in aggregate productivity can be decomposed in an employment
weighted change of productivity levels in all subsectors j plus a new reallocation
term:

AP =Y A(P;L;)+(X PL; +R), (2.12)
j

where ; is the average share of subsector j in overall employment.

Formula (2.12) shows that the new overall reallocation effect consists of the
reallocation of labour between sectors 7 (the old R), and the reallocation effects
between subsectors j within each sector i (R; summed over all sectors). In the
example above, R; is negative for manufacturing bringing down the overall rea-
llocation effect. This indicates the importance of having a detailed sector databa-
se to analyse the role of structural change in economic growth (Vries ef al. 2011;
Vries et al. 2012).

2.2. Accelerations in the aggregate productivity
growth evaluation method

Recent studies of economic growth have moved away from explaining average
trends in long-term growth to study growth accelerations and decelerations due
to the great instability in growth rates within countries. Researchers argue that
the standard shift-share analysis is inadequate for measuring the contribution of
sectors to accelerations in productivity. Very few countries have experienced
consistently high growth rates over long periods. Rather, the more typical pat-
tern is that countries experience phases of growth, stagnation, or decline of vary-
ing 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 of which sectors in the economy contribute most to
accelerations and decelerations in growth. For example, Jones and Olken (2008)
suggested that employment reallocation to more productive sectors lies behind
accelerations and decelerations of growth in many developing countries.
However, because of missing sectorial data, they were unable to test this hypo-
thesis. Researchers 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
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growth within the sector (the within-effect) and by expanding its share of aggre-
gate inputs (the between-or shift-effect). To measure these contributions resear-
chers modified a standard tool in the 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 nine-
teenth century (Broadberry 1995). Unfortunately, the interpretation of results
from the traditional shift-share method is not straightforward (Timmer & Vries
2008; Timmer & Vries 2007; Lankauskiene 2014).

Researchers have proposed 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 agri-
cultural sector is characterised by wide-spread disguised unemployment (Broad-
berry 1995). Researchers use estimates of the shadow price of labour to measure
this wedge and adjust the shift share method accordingly. This adjustment inc-
reases the measured importance of structural change to growth. Second, the tra-
ditional 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.
Researchers account for differences in productivity levels between sectors and
derive more meaningful measures of the contribution of particular sectors to
aggregate productivity growth. Researchers have found that resource realloca-
tion is not the main driver of accelerations and decelerations in aggregate eco-
nomic growth. Productivity improvements within sectors, in particular within
manufacturing and market services, appear to have been much more important
for growth in Asia and Latin America since the 1950s (Timmer & Vries 2008;
Timmer & Vries 2007).

For a long time, the importance of sectorial development patterns for eco-
nomic growth has been recognised. Changes in the sectorial composition of pro-
duction 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 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). One of the best documented patterns of structural
change is the shift of labour and capital from the 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
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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 2000). Taken together these findings suggest a potentially im-
portant, albeit temporary, role for resource allocation from lower to higher pro-
ductive 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 the total agricultural output. The existence of this source of ineffi-
ciency 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 poten-
tial for structural change have featured prominently in explanations of differen-
tial growth within European countries in the post-World War II period.
However, the quantification of its importance has been hampered by a clear me-
thodology 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 is used in many studies. One major problem of the tra-
ditional 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 large-
ly possible due to the reallocation of employment to manufacturing and services.
For example, labour productivity in South Korean agriculture increased 5% an-
nually during the period 1963-2005. It is not likely that this high growth rate
could have been sustained when 63% of the population was still working in ag-
riculture in 2005, as it was in 1963. Broadberry & Ghosal (2005) argued that the
shift-share analysis should be modified by assuming that the marginal producti-
vity of workers leaving shrinking sectors is equal to zero. Although this adjust-
ment overestimated the effect of sectorial expansions, researchers proposed an
extension and improvement of the traditional shift-share analysis in a similar
direction without overstating sectorial employment reallocation.
Researchers suggest the following modified shift-share analysis:
Pr-rP’=y@'-POY*S +X(S'-8S))* P - P ), (2.13)
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, 0 the beginning of a period,
and a bar indicating period average.
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The first term on the right hand side measures the contribution of within-
sector productivity growth (the intra effect). The second term on the right hand
side measures the contribution of sectorial reallocation of employment to aggre-
gate productivity growth (the shift effect).

With average labour productivity in shrinking sectors:

Z(SI'T _SiO)X[;'_
Py =1 : (2.14)
! Z (SIT - S[O )
ieJ
where 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 (Lankauskiene 2014). In the decomposition, researchers
account for surplus labour. Furthermore, expanding sectors only contribute to
productivity growth if their productivity level is higher than the economy’s ave-
rage (Timmer & Vries 2008; Timmer & Vries 2007).

2.3. The growth accounting method

The roots of this method date back to the famous neoclassical economic growth
and development theories of Robert Solow (1956). In 1987, Prof. Dale Jorgenson,
Gollop and Fraumeni (Harvard University) published their standard work outli-
ning the growth accounting approach based on the KLEMS methodology. Resear-
chers use growth accounting method for various types of research (e.g. Inklaar
et al. 2008; Inklaar et al. 2007; Inklaar & Timmer 2007; Inklaar & Timmer 2008;
Maudos et al. 2008; Kratena 2007; Aulin-Ahmavaara & Pakarinen 2007; O'Ma-
hony et al. 2009; Broersma & Moergastel 2007; Erumban 2009). In the thesis the
author basically followed the EU KLEMS methodology of growth accounting
(Timmer et al. 2007; Timmer et al. 2013; Mas & Stehrer 2012).

Analysis of the economic growth relies on measures of capital, labour, and
productivity. The growth accounting approach appears to be especially useful in
this regard. Using this method, measures of value added growth can be decom-
posed into contributions of inputs and productivity within a consistent
framework. It allows an assessment of the relative importance of labour, capital,
and measures of multi-factor productivity (MFP) growth to be derived. MFP
growth is measured as the difference between the volume growth of outputs and
the volume growth of inputs. As such, it captures increases in the amount of
value added that can be created by a given quantity of inputs. To put it in ano-
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ther way, it captures the reduction in input costs to create a given amount of va-
lue added. Under strict neo-classical assumptions MFP growth measures disem-
bodied technological changes (Timmer et al. 2007; Inklaar & Timmer 2008).

Growth accounting is based on production possibility frontiers where in-
dustry gross output is a function of capital, labour, intermediate inputs, and te-
chnology, which is indexed by time, 7. Specifically, in the thesis author use defi-
ned a more restrictive industry value added function, which gives the quantity of
value added as a function of capital, labour, and time as:

where V', is the quantity of industry value added. Value added consists of capital
and labour inputs, and the nominal value is:

14 _ pK L
PV, =PK,K,+PL,L;, (2.16)

where P is the nominal price of value added. Under the strict neoclassical as-
sumptions, industry value added growth can be decomposed into the contribu-
tion of capital, labour, and MFP ( 4").

AV, =wK ,AInK;, +wh AlnL;, +Aln 4", (2.17)

where w is the two period average share of the input in nominal value added,
Aln-natural logarithm growth rates. The value share of each input is defined as
follows:
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To derive the factor input weights in the growth accounts the following
nominal value added components are needed: the compensation of employees
(COMP), and the gross operating surplus (GOS). Labour compensation (LAB) is
derived by applying the ratio of hours worked by the total number of persons
engaged to the hours worked by employees to the compensation of employees.
Capital compensation (CAP) is derived as value added minus LAB (Timmer
et al. 2007).

Capital input

For the measurement of capital services the author needs capital stock estimates
for detailed assets and the shares of capital remuneration in total output value.
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Construction of capital stock estimates for all asset types

The most commonly employed approach in capital stock measurement is the
Perpetual Inventory Method (PIM). In the PIM, capital stock (4) is defined as a
weighted sum of past investments with weights given by the relative efficiencies
of capital goods at different ages.

A/c,t = (1—5/()/1/(’,_1 +1 k> (2.19)

where A, the capital stock for a particular asset type k at time ¢, — depreciation
different for each asset type, / investment in period ¢. Depreciation rates for dif-
ferent asset types could be found in EU KLEMS (Timmer et al. 2007;
O’Mahony & Timmer 2009).

Aggregation over asset types

For the aggregation of capital services over the different asset types it is assu-
med that aggregate services are a translog function of the services of individual
assets. It is further assumed that the flow of capital services for each asset type is
proportional to its stock, independent of time. Hence the corresponding index of
capital input K is a translog Torngvist quantity index of individual assets in a
particular industry given by

AlnKt=2 v, ,Aln 4, , (2.20)
k

where weights are given by the average shares of each component in the value of
capital compensation

Vir =0.5% e, i) (2.21)
Vi = QP ) P Ay (2.22)
k

with p*;, the price of capital services from asset type k. In this way, aggregation
takes into account the widely different marginal products from the heterogene-
ous stock of assets. Rental prices, or user-cost of capital, equation:

PR =phi +orp i — (Pl — Pl (2.23)

This formula shows that the rental fee is determined by the i nominal rate of
return, dy the rate of economic depreciation, and the asset specific capital gains
(Timmer et al. 2007).

The rate of depreciation is identical to the rate used in the construction of
the capital stock estimates in as in the case of geometric depreciation, the age-
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price and age-efficiency profile follow the same geometric pattern (Timmer
et al. 2007).

Rate of return

The nominal rate of return can be estimated in two different ways. The first is to
use the opportunity, or ex-ante, approach, which is based on some exogenous
value for the rate of return, for example interest rates on government bonds
(Oulton 2007). The second approach is the residual, or ex-post approach, which
estimates the internal rate of return as a residual given the value of capital com-
pensation from the national accounts, depreciation and the capital gains. The
attractive property of the latter approach is that it ensures complete consistency
between income and production accounts. For this reason, an ex post approach is
employed. It is assumed that the total value of capital services for each industry
equals its compensation for all assets. This procedure yields an internal rate of
return which exhausts capital income and is consistent with constant returns to
scale. This nominal rate of return is the same for all assets in an industry, but is
allowed to vary across industries (Timmer ef al. 2007).

It is derived as a residual as follows:

PX K+ 2P k=P D= 2Pk Ok Ak 4
- % %
i, = . (224)
/ zp[k,j,t—l Ak,j,t
%

where the first term pK.,-,,K.,-,,, is the capital compensation in industry j, which un-
der constant returns to scale can be derived as value added substracted the com-
pensation of labour (see 2.3.); p's,; — price level of asset in year #; A;,,—real va-
lue of capital asset stock; d; — depreciation rate which differs for different kind
of assets.

Labour input

The aim of the labour accounts is to estimate total labour input, so that it reflects
the actual changes in the amount and quality of labour input over time. In short,
in this thesis the labour force is subdivided into types based on educational at-
tainment. Hereinafter methodology to derive series for labour services is outli-
ned (Timmer ef al. 2007).

The productivity of various types of labour, such as low-versus high-
skilled, will differ. Standard measures of labour input, such as the number of
people employed or the hours worked, will not account for such differences.
Hence, it is important to have measures of labour input which take the heteroge-
neity of the labour force into account in analysing productivity and the contribu-
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tion of labour to output growth. These measures are called labour services, as
they allow for differences in the amount of services delivered per unit of labour.
It is further assumed that the flow of labour services for each labour type is pro-
portional to the number of hours worked, and workers are paid their marginal
productivities. Hence, the corresponding index of labour services input L is a
translog Torngvist quantity index of individual types, indexed by /, and given by

AlnL =Y v, AlnH,,, (2.25)
/

where weights are given by the average shares of each component in the value of
labour compensation

Vi =050, +v11); (2.26)
vie =t ) Hy, (2.27)
/
with p’y, the price of one hour work of labour type /.

In this way, aggregation takes into account the changing composition of the
labour force. Typically, a shift in the share of hours worked by low-skilled
workers to high-skilled workers will lead to a growth of labour services, which
is bigger than the growth in total hours worked. The author refers to this diffe-
rence as the labour composition effect (Timmer et al. 2007).

Productivity accounts

The following variables capture the contributions of inputs and MFP to value
added growth:

VA_Q=InAV,; (2.28)
VAconH =w" ;AlnH ;; ; (2.29)
VAconLC =w" ; (AL;, —AInH ;) (2.30)
VAconK = wK,fAanﬂ; (2.31)
VAconL =w" ; Aln L ; (2.32)
VAconMFP =Aln 4", (2.33)

with w X, indicating the share of capital in value added, and similarly for labour.
VA QO — logarithmic growth rate of value added; K — capital; L — labour;
MFP — multi-factor productivity; H — hours; LC — labour composition.
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2.4. Conclusions of Chapter 2

1. The author has systemized industrial labour productivity estimation
methods. The groups which have been distinguished are the following:
1.1. The aggregate productivity growth evaluation method.

1.1.1.

The method uses a standard shift-share analysis. It consists
of three parts of hypothesis: structural bonus, structural
burden, and the within growth effect. The structural bonus
part evaluates the ability of the country to move resources
from lower to higher productivity industries. The structural
bonus part estimates weather industries maintaining high
labour productivity growth rates also expand their share of
employment. The last part, the within growth effect, cor-
responds to the growth in aggregate labour productivity
under the assumption that no structural shifts in labour have
taken place and each industry has maintained the same sha-
re in total employment as in the base year. As productivity
has a robust tendency to grow, the within-growth effect is
practically a summation of positive contributions only.
Essentially, it is a purely descriptive technique which attempts
to decompose the change of an aggregate into a structural
component, reflecting changes in the composition of the ag-
gregate, and changes within the individual units which make
up the aggregate. As such, it is closely related to analysis of
variance. There are many versions of this methodology, the
main difference of them is the choice of base year or weights.

1.2. Accelerations and decelerations in the aggregate productivity
growth evaluation method.

1.2.1.

1.2.2.

The method enables to determine the industries which ac-
celerate aggregate productivity.

Its founders imply that the standard shift-share analysis is
inadequate to measure the contribution of industries to acce-
lerations in productivity. This method is focused on estima-
ting the impact of shrinking and expanding industries for ag-
gregate labour productivity growth. The modified shift-share
analysis decomposes growth in GDP per worker into impro-
vements within industries and improvements due to the rea-
llocation of labour across industries. In the decomposition,
researchers account for surplus labour. Furthermore,
expanding sectors only contribute to productivity growth if
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their productivity level is higher than the economy’s avera-
ge.
1.3. The growth accounting method.

1.3.1. This is a useful tool, enabling the proximate sources of
growth of economies to be estimated. It also provides a
consistent structure in which data on output and input can
be collected, both across industries and between variables
and, as such, is a powerful organising principle.

1.3.2. The method presents the most recent approach towards la-
bour productivity measurement. It enables to decompose
the percentage growth rate of value added into the contribu-
tions of its determinants and particular labour productivity
constituents. The obtained results of method employment
enables to accomplish detail economic analysis of indust-
rial labour productivity growth determinants for different
economies from a comparative perspective.

1.3.3. The method refers to two GDP accounting approaches:
production and income. Production in terms of gross value
added estimation as the sum industrial value added. Income
in terms of weights determination.

2. Classically, industrial labour productivity is measured as industrial va-
lue added per labour input (hour worked). This expression is still used
in the databases, e.g. Lithuanian national statistics or Eurostat. Hence,
the classical labour productivity measurement veils the constituents of
labour productivity.

3. The 1.1 and 1.2 methods measure labour productivity by a classical ap-
proach, provided above. Whereas, the 1.3 — the growth accounting me-
thod — provides the latest approach towards industrial growth and la-
bour productivity measurement and enables the determinants of value
added growth to be obtained. The growth accounting method will be
employed in the following section of the thesis.






Industrial growth determinants and
their impact on economic
growth evaluation

3.1. Research methodology formulation

Even though structural economics, the branch of development economics, is
widespread in foreign scientific literature, inadequate attention has been paid to
this subject by Lithuanian researchers (see 1.3 and 1.5). The importance of labour
productivity is emphasised and in economic growth and development theories
with their famous economists representatives (see 1.4), and in contemporary ap-
proach which is concerned about sustainable development (see 1.5). Moreover, the
most relevant method to measure industrial labour productivity is the growth ac-
counting (see the conclusions of the second chapter). As a result, the method pro-
vides the latest approach of labour productivity measurement and enables impor-
tant results for comparative economic analysis to be obtained. Hence, there are
more notable reasons for the growth accounting method to be applied in Lithua-
nia’s case. Firstly, it is recommended that growth and productivity accounts be
composed in the latest European Parliament and Council Regulation for the prepa-
ration of National Accounts for European Union (EU) countries (EU Regulation
2013, p. 525). The Lithuania’s statistics department only started using this regula-
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tion at the beginning of September 2014. In addition, Lithuania’s statistics de-
partment is not currently working on the composition of growth and productivity
accounts. Secondly, the ambiguous WORLD KLEMS and EUKLEMS projects
lack comparable growth accounting method results which fulfil the international
academic standards for other less developed countries.

The growth accounting methodology newly composed in this thesis enables
gross value added (GVA) contributors to be derived, namely the hours worked
and particular labour productivity constituents (labour composition (LC), com-
puting equipment (IT), communications equipment (CT), transport equipment
(Tr), Other machinery and equipment (OMash), non-residential structures
(NResid), residential structures (Resid), intangibles (Intang), multi-factor
productivity (MFP)).

Hereinafter in the thesis economic structure will encompass the percentage
growth rate of gross value added and its contributors (hours worked and particu-
lar labour productivity constituents) for each individual industry, and their ag-
gregation to the percentage growth rate of the gross value added (i.e. their ag-
gregation for the total economy).

In order to obtain comparable results to fulfil international academic stan-
dards, there were numerous of methodological aspects which the author had to
overcome. The first was to become familiar with the scientific literature, presen-
ting the growth accounting method, and, more specifically, with the relevant
research questions under discussion. The second was to establish the relationship
between theoretical foundations and their empirical implementation. These
foundations rely on the most recent version of the theory of capital which em-
phasises the concept of capital services instead of traditional capital stock. This
concept is the result of applying user cost as a capital measure as developed by
Professor Dale Jorgenson (Harvard University), who is the head of the WORLD
KLEMS project. Thirdly, in order to implement this new methodology it was
necessary to be familiar with the required statistics available. Fourthly, the
treatment of all data requires the certain methodological recommendations to be
followed. And eventually, consistency checks have to be carried out in order to
reassure that obtained results up-to-date international academic standards (see
professor’s Matilde Mas report on Annex 1). The process of the particular empi-
rical research of present thesis is provided in the Figure 3.1.

Traditional databases such as Eurostat or OECD do not provide the relevant
data needed for this research. The key point is that a special set of indicators is
needed for the growth accounting method. Moreover, the further (i.e. needed for
growth accounts arrangement) indicators (see the Figure 3.1) must be derived
from the initial ones (from capital and labour accounts arrangement). More pre-
cisely, the growth accounting method requires a special framework and consis-
tency. Firstly, labour and capital inputs have to be prepared. Labour input is
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expressed in terms of labour services, and capital — in terms of capital services.
The last step is the preparation of growth accounting accounts.

Growth accounting method
scientific literature analysis

Questions under discussion

determination

Possible statistical
databases overview

Pattern formation

The formation
of methodologies

v

I group of countries
(3.4 section)

IT group of countries
(3.5 section)

Case of Lithuania
(3.6 section)

Indicators Indicators

collection collection

Indicators Indicators
systemization systemization

Indicators
collection

Labor accounts
arrangement

Labor accounts
arrangement

Indicators
systemization

Capital accounts
arrangement

Capital accounts
arrangement

Labor accounts
arrangement

Growth accounts
arrangement

Growth accounts
arrangement

Capital accounts
arrangement

v

Growth accounts
arrangement

Obtained results

A4

The analysis of obtained results,

Ranking the results for total economy,

Patterns determination.

Fig. 3.1. The process of empirical research (the author)

The relevant databases for this research are the following: the EU KLEMS
and the WIOD Social economic accounts (Timmer 2012; Gouma ef al. 2014,
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Erumban et al. 2012). For the case of Lithuania, initial indicators have been ta-
ken from the Lithuania’s statistics National accounts department.

The growth accounting methodology proposed in this thesis enables gross
value added (GVA) contributors to be derived, namely the hours worked and
particular labour productivity constituents (LC, IT, CT, Tr, OMash, NResid,
Resid, Int, MFP).

In the initial EU KLEMS method, composed by prof. Dale Jorgenson (Har-
vard University), the contributions of ICT and non ICT capital groups are esti-
mated to the growth rate of value added (Mas & Javier 2005; Mas et al. 2008;
Mas & Quesada 2005, Mas et al. 2008). In order to obtain detail results needed
for comparative economic analysis of differently developed economies in the
new methodology of the present thesis, each individual capital asset type contri-
bution (IT, CT, Tr, OMash, NResid, Resid, Int) is evaluated rather than the ICT
and nonlCT capital groups only.

The main difference between the initial EU KLEMS method and newly
composed methodology of the present thesis is provided in Figures 3.2. and 3.3.
below.

Each detail capital input is derived by the formulas provided below:

VAconIT =w'T  AInIT,; (3.1
VAconCT =wT ;AlnCT,; (3.2)
VAconTr =wT”thlnTj,; (3.3)
VAconOMash = wOMash AlnOMash;, ; (3.4)
VAconN Re sid = wV Resid #AINNResid,, ; (3.5)
VAconRe sid = wResid sAlnResid ), ; (3.6)
VAconlnt = w gAInnt ;. 3.7

Intangible capital (Mackevicius 2011) and its contribution has been emphasi-
zed as a very important factor in the growth of economies in recent years (Ahmed
et al. 2015; Chen et al. 2015; Corrado et al. 2014; Corrado et al. 2015). Hence,
one more novel perspective of the methodology composed in the present thesis
when compared with initial growth accounting method is the estimation of all in-
tangible capital by using the sum of software (Softw) and other intangible (Other)
and in such a manner obtaining intangible capital (Int) contribution to industries
value added growth. Knowledge based inputs have been a focus of research from
different perspectives (Melnikas 2010; Melnikas 2012). In initial EU KLEMS
method, the knowledge based inputs were the following: LC, ICT, and MFP. He-
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reinafter, in the new methodology of the present thesis, the knowledge based in-
puts will encompass LC, IT, CT, Int, and MFP.

Information capital

group (ICT) Labour composition (LC)
() () () ()
Non-information capital Multi-factor productivity
group (NonICT) (MFP)

Fig. 3.2. Labour productivity constituents of the initial EU KLEMS method. The group
of knowledge based determinants: ICT, LC, MFP (Timmer et al. 2007)

Computing Transport Non-residential Multi-factor
equipment equipment structures Intangibles productivity
(IT) (TR) (NResid) (Intang) (MFP)

() () () () [ ) o o o o

Communications Other machinery Residential Labour
equipment (CT) and equipment structures (Resid) composition (LC)
(OMash)

Fig. 3.3. Labour productivity constituents of the newly composed methodology in the
present thesis. The group of knowledge based determinants: IT, CT, Int, LC, MFP
(compiled by the author with reference to Timmer et a/.2007)

The newly organised methodology consists of three major parts (see the Figure 3.1)

1. Adjusting the data for each country individually (Australia, the Czech
Republic, Denmark, Sweden, the USA) for capital, labour input and de-
rive growth accounting calculations. It is called as methodology for the
first group of countries hereinafter in the thesis.

2. Adjusting the data for each country individually (Austria, Finland, Ger-
many, Italy, Japan, the Netherlands, Spain, the UK) for capital, labour
input and derive growth accounting calculations. It is called as methodol-
ogy for the second group of countries hereinafter in the thesis.

3. Adjusting the data for Lithuanian capital and labour input accounts and
derive growth accounting results. It is called as methodology for the
Lithuanian case hereinafter in the thesis.

3.2. Economic structure pattern

As the relevant data that could be found in databases needed for research, came from
the ISIC Rev. 3, ISIC Rev. 4 in the EU KLEMS database and NACE Rev. 2 in the
WIOD and Lithuania’s statistics department, i.e. from different types of economic
activities classifiers and a different number of economic branches provided in them,
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in order to obtain comparable results at the industrial level, all data have been aggre-
gated according to pattern. The consistent economic structure pattern, hereinafter the
pattern, is a newly organised economic structure which fulfils the differences of
different classifiers and their number of economic industries (Table 3.1).

Table 3.1. Economic structure pattern (compiled by the author with reference to the
ISIC Rev. 3, ISIC Rev. 4, and NACE Rev. 2 classifiers of the EU KLEMS, the WIOD,
and Lithuanian statistics department)

L. The total economy.

Agriculture, forestry and fishing.

Mining and quarrying.

Manufacture of food products; beverages and tobacco products.
Manufacture of textiles, wearing apparel, leather and related products.
Manufacture of wood, paper, printing and reproduction.

Manufacture of coke and refined petroleum products.

Manufacture of chemicals and chemical products.

Manufacture of basic pharmaceutical products and pharmaceutical preparations.
10. | Manufacture of rubber and plastic products and other non-metallic mineral
products.

11. | Manufacture of basic metals and fabricated metal products, except machinery
and equipment.

12. | Manufacture of computer, electronic and optical products.

Manufacture of electrical equipment.

13. | Manufacture of machinery and equipment .e.c..

14. | Manufacture of motor vehicles, trailers, semi-trailers and of other transport
equipment.

15. | Manufacture of furniture; jewellery, musical instruments, toys; repair and
installation of machinery and equipment.

16. |Electricity, gas, steam and air conditioning supply.

Water supply; sewerage, waste management and remediation activities.

17. | Construction.

18. | Wholesale and retail trade; repair of motor vehicles and motorcycles.

19. | Transportation and storage.

20. | Accommodation and food service activities.

21. |Publishing, motion picture, video, television programme production.
Sound recording, programming and broadcasting activities.
Telecommunications;

Computer programming, consultancy and information service activities.
22. | Financial and insurance activities.

23. | Real estate activities.

ORI N
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End of Table 3.1

24. | Legal and accounting activities; activities of head offices.

Management consultancy activities; architectural and engineering activities.
Scientific research and development.

Advertising and market research; other professional, scientific and technical
activities; veterinary activities.

Administrative and support service activities.

25. | Public administration and defence; compulsory social security.

26. | Education.

27. | Human health activities.
Residential care activities and social work activities without accommodation.

28. | Arts, entertainment and recreation.
Other service activities.

In order to obtain the results, the following points had to be arranged accor-
ding to pattern: capital input in terms of capital services, labour input data in
terms of labour services and the growth accounting procedure. The Excel 2013
package was been used for the calculations.

3.3. Overview of the economies
of the countries researched

More developed countries in this research are considered to be those, which have
the GVA at basic prices significantly higher than Lithuania’s (see Table 3.2). Mo-
re developed countries have been selected from one point of view, namely that
Lithuania’s long-term target is to reach the wealth, which these countries have
already attained. From another point of view — only the detail capital input indica-
tors for more developed countries, needed for research, are available in the EU
KLEMS database. Other less developed countries lack detailed capital input data.
Hence, this existed heterogeneity will be diminished with the present thesis.

Table 3.2 shows that the estimations of Lithuania’s annual gross value added
per inhabitant in euros is significantly lower when compared with the data provided
by more developed countries. Moreover, the research performed in the dissertation
will enable to determine the proximate sources of growth of those economies.

Table 3.3 indicates real labour productivity measured in classic method as
value added created per hour worked in euro.

From the data provided in the Tables 3.2 and 3.3, which come from tradi-
tional databases (e.g. Eurostat, OECD, the Lithuanian statistics department) it is
not clear, which determinants and how the change of their composition impact
the growth of value added and labour productivity of different economies. With
the research of the present thesis this existed drawback will be diminished.
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Table. 3.2. Economies gross value added per inhabitant at basic prices in euros
(Eurostat; OECD)

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

20112012

2013

Australia 22312

23095

2411225461

26779

27939[29146[30327|

3187033332

35005

37039

38862

39165

K613

H1645

43208

113060

Czech
Republic

3900

4500

4600

5100

5100

5600

6400

7500

7600

8100

9200

10400

11500

13400

12200

12900

13300

13100{12700

Denmark 23000

23700

24400124900

26100

2790028700129400

3000031200

32400

34000

35300

B6600

34800

36700

37100

37800138300

Sweden 19100

21500

2210022400

24000

2660025000126200|

27300228500

28900|

30700

32400

31700

27400

32600

35700

3760038500

USA  [28749

30033

B153832913]

34585

36419[3724038122

39606¢41857

14237

16369

U7987

U8330

16930

U8307

19732

51435[52985

Austria 20700

20800

20700121500

22400

2340024100224700

25100125900

26900

28400

29900

30800

29900

30800

32300

3290033500

Finland |17100|

17200

18200[19500;

20500

22200[23500124100]

2420025400

26100

27300

29700

30600

28100

29000

30200

3050030500

Germany [21400|

21200

2100021500

21900

22400[23000123300

23400124000

24300

25300

26500

27000

25900

27300

28600

29100129900

Ttaly {13700

15900

16700[17200;

17800

18800(19800[20500

21000221600

22000

22600

23400

23700

22700

23000

23300

2300022900

Japan [22945

23922]

2466024363

24615

259382656427251

2796329384

30446

31797

33320

33500

31875

33760

34312

35317

INetherlands|18700

19000

1960020500

21800

23500[24800125700

2620026800

28000

29300

31000

32100

30900

B1600

32100

32100332100

Spain (10700

11400

11700[12300;

13100

14100[15200[16000

16800

17700

18700

19900

21100

21900]

21200

20700

20800

2050020300

United
Kingdom

13900

15100

18700120100

21500

2440025000125800

2490026600

27700

29200

30500

26800

23300

24900

25000

26700126200

Lithuania {1300

1700

2200

2500

2600

3200

3500

3900

4300

4900

5700

6700

8000

9100

7600

8000

9200

10000{10500

Table 3.3. Real labour productivity per hour worked in euros (Eurostat; OECD)

1995

1996

1997|199

81999

20002001

2002(2003

2004(2005

2006,

2007

2008

2009

2010

2011

2012

2013

Australia

20

21

22

23

24

25

27

28

29

30

31

32

34

34

36

37

38

39

40

Czech
Republic

8

9

9

9

9

9

10

10

11

11

12

12

13

13

13

13

13

13

Denmark

45

46

47

47

47

48

48

48

49

51

51

52

52

51

50

52

53

53

53

Sweden

32

33

34 | 35

36

37

37

39

40

42

43

44

44

43

42

44

44

45

46

USA

25

26

27

28

29

31

32

33

35

37

39

40

42

43

45

46

48

49

50

Austria

31

31

31

32

33

34

34

35

35

35

36

37

38

38

38

39

39

40

40

Finland

30

31

32

33

33

34

35

36

36

38

38

40

41

40

38

39

40

40

40

Germany

34

35

36 | 36

36

37

38

39

39

39

40

41

42

42

41

42

42

43

43

Italy

31

31

31

31

31

32

32

32

32

32

32

33

33

32

32

33

33

32

32

Japan

17

18

18

19

20

21

21

22

23

24

25

26

27

28

28

29

30

30

31

Netherlands

38

38

39 | 40

41

41

42

42

42

44

45

46

46

46

45

46

46

46

46

Spain

27

27

27

27

27

27

27

27

28

28

28

28

29

29

29

30

30

32

32

United
Kingdom

30

31

32

33

33

35

35

36

37

38

39

40

40

40

39

40

40

39

39

Lithuania

5

5

5

5

6

6

6

7

7

8

8

8

9

9

8

9

10

11

3.4. Methodology for the first group of countries

In the case of the first group of countries data for capital input could be found in
the ISIC Rev. 3 November 2009 Release; updated March 2011 in the EU
KLEMS database. The selection of countries for this group depends on the avai-
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lability of detailed capital input data which can be found there. Some of count-
ries lack detailed capital input data, this is the reason why they have not been
included in this research. Other possible countries such as Finland and Spain
have not been selected in this part, as their updated data could be found in the
ISIC Rev. 4 rolling updates in the EU KLEMS, and will, therefore, be used in
the second group. The period, for which data can be obtained, is 1995-2007 for
this first group of countries.

For the capital input data for each country of this group, the following steps
were accomplished. Firstly, capital investment (or gross fixed capital formation)
(GFCF) and stock estimates (Stock) of Software (Softw) were added to Other
intangible (Other) capital. In such a way estimates of all intangible capital (Int)
were derived for all industries over researched period. Then the nominal (nom
GFCF) and real investment (real GFCF), and capital stock (Stock) data were
adjusted to this pattern. Price levels for the newly organised economic structure
pattern were recalculated accordingly: nom GFCF divided by real GFCF for
each of type of asset. In such a manner the price level for the each of asset type
was derived, with 1995 being taken as a reference. In case that the economic
structure was adjusted according to pattern, a new industry rate of return indica-
tors were calculated. The author calculated these using the formula (2.24).
Where appropriate the author took the CAP indicator from the WIOD database
and adjusted it to the pattern. Prices are taken as newly counted capital assets
price levels. Depreciation for each of asset type as provided in capital input data
from the EU KLEMS and is adjusted to pattern.

Capital stock estimates were taken as real capital stock adjusted to a pat-
tern. Then new capital compensation estimates for each type of assets were cal-
culated with new industry rate of return estimates using the (2.23) and (2.22)
formulas. At this point it was important to ensure that the calculations had been
carried out correctly-the sum of capital compensation estimates of the obtained
detailed assets have to coincide with the CAP used in the rate of return calcula-
tion at the industrial level. Once capital compensation for each asset type had
been calculated, the next step was to derive the part of each type of asset in the
whole capital compensation part for the period researched — capital of individual
asset compensation divided by all CAP (i.e. the sum of all asset types CAP). The
sum of all capital asset type parts had to be equal to 1.

For labour input the author decided to use decomposition according to la-
bour educational attainment (share of highly-skilled, medium-skilled, and low-
skilled in total) as it is the most relevant approach from productivity perspective.
Variables for labour input data were selected from the WIOD database (parts of
labour compensation and hours worked by highly-skilled, medium skilled, low-
skilled labour in total values). Those estimates were aggregated according to
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pattern. After adjustment, it was important to make sure that each of the new
estimates (separately compensation and hours worked) summed to one.

Table 3.4. Depreciation rates for types of assets at industrial level adjusted to pattern
(compiled by the author with reference to Timmer et al. 2007)

Other

Capital Corr}puting ’Commu_nica- Trapspon machinery resli\(lice):llll-tial Residential Intangibles
type equipment |tions equipment |equipment z}nd structures structl_lres (Intang)
Y (IT) (CT) (TR)  |equipment (NResid) (Resid)

(OMash) e
1.TOTAL
2. 0.315 0.115 0.170 0.129 0.024 0.011 0.315
3 0.315 0.115 0.170 0.129 0.024 0.011 0.315
5 0.315 0.115 0.168 0.109 0.033 0.011 0.315
6. 0.315 0.115 0.184 0.109 0.033 0.011 0.315
7. 0.315 0.115 0.173 0.106 0.033 0.011 0.315
8 0.315 0.115 0.154 0.110 0.032 0.011 0.315
9. 0.315 0.115 0.181 0.104 0.033 0.011 0.315
10. 0.315 0.115 0.191 0.112 0.033 0.011 0.315
11. 0.315 0.115 0.169 0.106 0.033 0.011 0.315
12. 0.315 0.115 0.166 0.108 0.033 0.011 0.315
13. 0.315 0.115 0.170 0.107 0.033 0.011 0.315
14. 0.315 0.115 0.167 0.109 0.033 0.011 0.315
15. 0.315 0.115 0.193 0.113 0.033 0.011 0.315
16. 0.315 0.115 0.191 0.094 0.023 0.011 0.315
17. 0.315 0.115 0.195 0.139 0.034 0.011 0.315
18. 0.315 0.115 0.216 0.133 0.030 0.011 0.315
19. 0.315 0.115 0.146 0.107 0.027 0.011 0.315
20. 0.315 0.115 0.203 0.140 0.028 0.011 0.315
21. 0.315 0.115 0.176 0.115 0.035 0.011 0.315
22. 0.315 0.115 0.187 0.149 0.044 0.011 0.315
23. 0.315 0.115 0.227 0.147 0.027 0.011 0.315
24. 0.315 0.115 0.155 0.144 0.044 0.011 0.315
25. 0.315 0.115 0.173 0.138 0.025 0.011 0.315
26. 0.315 0.115 0.173 0.138 0.025 0.011 0.315
217. 0.315 0.115 0.225 0.149 0.027 0.011 0.315
28. 0.315 0.115 0.223 0.136 0.051 0.011 0.315
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The next step was to obtain the labour service volume, which would be ne-
eded for the growth accounting procedure. The growth rate of labour composi-
tion was expressed as the Tornqvist real growth rate.

The Tornqvist index was needed in the elaboration of assets and sectors ag-
gregations. This index combines percentage structure and the growth rates of
volume index (Timmer ef al. 2007).

Imagine one economy T with 2 industries: A and B.

The Tornqvist real growth rate for total economy GV A in t (GT;) needs to
be calculated as follows:

GT, =[0.5x (A, /T, + 4,y /T, _;)x(n(4,)-1In(4,_ )]+ . (3.8)
[0.5x (B, /T, + B, /T, ;)x (In(B,)-1n(B, ;)]

Where the first part: 0.5x(4,/7;+A4, /T, 1) or 0.5x(B/T+B, /T, ) is the two
periods the nominal GVA average share of each industry in the total economy
(7), the second part In(4,) — In(4,,) or In(B,) — In(B,) is the real growth rate of
each industry.

The volume index (/) can be obtained following:

1, =100:1,,y =1, xexp(GT, 1)1, =1, % exp(GTHz)- 3.9)

Exp(x) is an excel function: returns e raised to the power of number: e”x,
i.e EXP is the inverse of LN, the natural logarithm of number.

By using the (3.8) formula the growth rate of labour composition was cal-
culated. Then the labour composition volume was obtained using the (3.9) for-
mula at the industrial level.

The annual growth rate of labour services was obtained by the sum of two
components: the annual growth rate of hours worked and the annual growth rate
of the labour composition change. The labour service volume was then obtained
using the (3.9) formula.

The contribution of individual asset types to the total capital growth rate
was calculated. The growth rate for this (individual) asset is only the difference
between two period logarithms and so the (3.9) formula was used in that case.

For the growth accounting calculations the author needed the real growth
rate of each input and its share of the nominal value added. Therefore, the labour
service real growth rate had to be calculated. Capital input volumes of different
asset types had to be taken and their real growth rates calculated. Moreover, it
was important to make sure that the shares of the CAP and LAB in the nominal
VA summed to one. In addition, each detail capital input share of capital had to
be multiplied by the CAP part in value added of an industry, in such a manner
that each detail capital input compensation part was derived. VA real growth
rates were calculated. Then each input contribution to VA was calculated using
the (2.28)—~2.33) formulas. VaConK was derived as the sum of the contributions
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of each asset (i.e. summing the estimates derived using the (3.1)-(3.7) formulas
to avoid differences. Finally, the VaConMFP was obtained using the (2.33) for-
mula. All the growth rates of the variables in the growth accounting calculations
are always real rates and shares in remunerations come from nominal value ad-
ded.

The growth rate for the total economy and other aggregations were recalcu-
lated, and so hereinafter, the results will be provided not at the industrial level,
but for the total economy. The aggregated industry (hereinafter the total econo-
my) was obtained taking into account each industry and/or asset, i.e. if one pre-
fers to obtain real growth rate of GVA for total economy, the shares and real
growth rates of each industry should be taken into account, in this case 27 in-
dustries. To obtain the growth rate for total economy author needed the shares
(each industry in total) and real growth rate by industry. The weights used were
always VA shares: each individual sectorial growth rate multiplied by the VA
share average.

In short, in the growth rate calculations for the total economy the author
used the growth rate of each industry in all the variables in the total of this va-
riable. In contribution calculations for the total economy, the weights are always
the average period VA shares in all variables (employment, capital, etc.) multip-
lied by the individual sectorial contribution.

When all the calculations for the total economy had been accomplished, the
following method was used to ensure that these results were correct. The result from
VA_Q subtracting VaConH, subtracting VAConLC, and subtracting VAConK (i.e
MFPconVA) for the total economy had to coincide (i.e to be equal) with the estima-
tion of MFP for total economy using the new methodology as LC, K... (the sum of
each industrial average period share of VA multiplied by sectorial MFP).

3.5. Methodology for the second group of countries

For the second group of countries (Austria, Finland, Germany, Italy, Japan, the
Netherlands, Spain, and the UK) capital input data could be found in ISIC Rev.
4 rolling updates in the EU KLEMS database and were available for 1995 —
2009 year period. The difference between this group and the first group of
countries is that the capital input for asset types is expressed in terms of volume
indexes (OECD 2001; OECD 2009). Those volume indexes have been adjusted
to pattern and their growth rates calculated. Capital compensation data for all
and asset types were adjusted to pattern. Each part of an asset in the entire CAP
was calculated by dividing each CAP detail by SUM CAP. SUM CAP was used
as CAP in growth accounting calculations, and by using the following methodo-
logy LAB was derived (VA minus CAP).
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As it was indicated above for labour input author decided to calculate de-
composition according to labour educational attainment (the share of highly-
skilled, medium-skilled, and low-skilled workers in total) as it is the most rele-
vant approach from a productivity perspective. Variables for the labour input
data were selected from the WIOD database (labour compensation and hours
worked by highly-skilled, medium-skilled, and low-skilled workers). Those es-
timates were aggregated according to pattern. After adjustment, it was important
to make sure that each of the new estimates (and compensation, and hours
worked) summed to one.

The next step was to obtain the labour service volume, which is needed for
growth accounting procedure. The growth rate of labour composition was
expressed as a Tornqvist real growth rate.

The Tornqvist index was needed in the elaboration of assets and sectors ag-
gregations. The index combines the percentage structure and growth rates of the
volume index (Timmer ef al. 2007).

By using the (3.8) formula the growth rate of labour composition was cal-
culated. The labour composition volume was then obtained using the (3.9) for-
mula at the industrial level.

The annual growth rate of labour services was obtained by the sum of two
components: the annual growth rate of hours worked and the annual growth rate
of the labour composition change. The labour service volume was then obtained
using the (3.9) formula.

The contribution of individual asset types to the total capital growth rate have
was calculated. The growth rate for this (individual) asset is only the difference
between the two period logarithms and the (3.9) formula was used in that case.

For growth accounting calculations the author needed the real growth rate
of each input and its share of the nominal value added. Therefore, the labour
service real growth rate had to be calculated. The capital input volumes of diffe-
rent asset types were taken and their real growth rates calculated. Moreover, it
was important to make sure that the shares of CAP and LAB in the nominal VA
summed to one. In addition, each detailed capital input share of capital had to be
multiplied by the CAP part in the value added of an industry, in such a manner
that each detail capital input compensation part was derived. The VA real
growth rates were calculated. The contribution of each input to VA was calcula-
ted using the (2.28)—+(2.33) formulas. VaConK was derived as the sum of contri-
butions of each asset (i.e. summing the estimates derived using the (3.1)«3.7)
formulas in order to avoid differences. Finally, VaConTFP was obtained using
the (2.33) formula. All the growth rates of the variables in the growth accounting
calculations are always real rates and their shares in remunerations come from
the nominal value added.
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The growth rate for the total economy and other aggregations were recalcu-
lated. Therefore, hereinafter, the results will be provided not at the industrial
level, but for the total economy. The aggregated industry (hereinafter the total
economy) was obtained taking into account each industry and/or asset, i.e. if one
prefers to obtain real growth rate of GVA for total economy, the shares and real
growth rates of each industry should be taken into account, in this case 27 in-
dustries. To obtain the growth rate for the total economy author needed the sha-
res (each industry in total) and the real growth rate by industry. The weights
used were always VA shares: each individual sectorial growth rate multiplied by
the VA share average.

In short, for the growth rate calculations for the total economy the author
used the growth rate of each industry and the average period shares of each in-
dustry in the total of this variable for each of the variables. In contribution calcu-
lations for the total economy, the weights were always the average period VA
shares in all variables (employment, capital, etc.) multiplied by the individual
sectorial contribution.

When all the calculations for the total economy had been accomplished, the
following method was used to ensure that these results were correct. The result
from VA_Q subtracting VaConH, subtracting VAConLC, and subtracting VA-
ConK (i.e MFPconVA) for the total economy had to coincide (i.e to be equal)
with the estimation of MFP for total economy using the new methodology as
LC, K... (the sum of each industrial average period share of VA multiplied by
sectorial MFP).

3.6. Methodology for the Lithuanian case

The third case is that of Lithuania. In order to obtain comparable results, the
consistency is of vital importance. Moreover, in the case of Lithuania there ne-
eds to be special accuracy, as some of data, i.e. capital services, has to be const-
ructed as Lithuania’s statistics department does provide this indicator.

The author used capital input data as a starting point. GFCF investment data at
nominal and chain linked volumes (CLVL), and nominal capital stock estimates
were taken according to the following their codes of Council Regulation (EC)
No. 2223/96 ESA’ 95 asset classifier (IT (T111321), CT (T111322), Tr (T11131),
Resid (T1111), NResid (T1112), Int (T112) from Lithuania’s statistics department at
the NACE Rev. 2, 38 economy branches for the 1995-2009 research period. OMash
were been derived using (T11132 — T111321 — T111322 — T11131), i.e. from all
transport and equipment subtracting IT, CT, and TR. All assets were then aggrega-
ted to pattern. Price levels for detailed asset types have been obtained following the
initial methodology: dividing GFCF values at nominal values by chain linked volu-
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me (CLVL) estimates. Those price levels were used in the industry rate of return,
individual asset type’s capital compensation estimates and for real stock estimates
from nominal to derive. CAP compensation data for each industry for the period
researched were calculated using the procedure provided below. As following the
initial growth accounting methodological aspects: VA is equal for the sum of LAB
and CAP. LAB estimates come from wages of employees and CAP comes from
gross operating surplus (GOS) adjusted to self-employed income. To derive those
estimates the author took the number of hours worked by engaged people, divided it
by the total hours worked by employed persons and multiplied the estimate from the
compensation of employees. Estimates came from Lithuanian statistics department.
LAB and CAP estimates were subtracted from the VA values at industrial level. The
values were adjusted to pattern. This methodology needs to be consistent, and so the
CAP values derived had to be used for industry rates of return using the (2.24) for-
mula. Using the (2.23) and (2.22) formula the author obtained capital compensation
data for asset types at the industrial level. It was important to obtain detailed asset
capital type shares in the total value of compensation for the growth accounting pro-
cedure and volumes for each of the detailed assets. The labour input data hours
worked by people engaged were taken from National accounts, and adjusted to pat-
tern. For the shares of compensation according to educational attainment, the author
took them from the WIOD and adjusted them to pattern.

The next step was to obtain labour service volume, which is needed for the
growth accounting procedure. The growth rate of labour composition is
expressed as the Tornqvist real growth rate.

As a result, using the (3.8) formula the growth rate of labour composition
was calculated. Then the labour composition volume was obtained using the
(3.9) formula at the industrial level, i.e. pattern.

The annual growth rate of labour services was obtained by the sum of two
components: the annual growth rate of hours worked and the annual growth rate
of labour composition change. The labour service volume was then obtained
using the (3.9) formula.

The contribution of individual asset types to the total capital growth was
calculated. The growth rate for this (individual) asset is only the difference
between the two period logarithms and the (3.9) formula was used in that case.

For growth accounting calculations the author needed the real growth rate of
each input and its share of the nominal value added. So, the labour service real
growth rate had to be calculated. From capital input volumes of different asset
types had to be taken and their real growth rates calculated. Moreover, it was im-
portant to make sure that the shares of CAP and LAB in nominal VA summed to
one. In addition, each detail capital input share of capital had to be multiplied by
the CAP part in the value added of an industry, each detail capital input compensa-
tion part was derived in such a manner. VA real growth rates were calculated. The
contribution of each input to the VA were calculated using the (2.26)—+2.31) for-
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mulas. The VaConK was derived as sum of the contributions of each asset (i.e.
summing the estimates derived using the (3.1)~3.7) formulas to avoid differen-
ces). Finally, the VaConTFP was obtained using the (2.1) formula. All the growth
rates for the variables in the growth accounting calculations are always the real
rates and the shares in remunerations come from the nominal value added.

The growth rate for the total economy and other aggregations were recalcu-
lated, and hereinafter, the results will be provided not at the industrial level, but
for the total economy. Figures for aggregated industry (hereinafter the total eco-
nomy) were obtained taking into account each industry and/or asset, i.e. if one
prefers to obtain the real growth rate of GVA for the total economy, the shares
and real growth rates of each industry should be taken into account, in this case
for 27 industries (according pattern). To obtain the growth rate for the total eco-
nomy the author needed the shares (for each industry in total) and the real
growth rate by industry. The weights used were always VA shares: each indivi-
dual sectorial growth rate multiplied by the average VA share.

In brief, in the growth rate calculations for the total for all the possible va-
riables the author used the growth rate of each industry and the average period
shares of each industry in the total for this variable. For the calculation of their
contribution for the total economy, the weights are always the average period
VA shares for all variables (employment, capital, etc.) multiplied by their indi-
vidual sectorial contribution.

When all the calculations for the total economy had been accomplished, the
following method was used to ensure that these results were correct. The result from
VA _Q subtracting VaConH, subtracting VAConLC, and subtracting VAConK (i.e
MFPconVA) for the total economy had to coincide (i.e to be equal) with the estima-
tion of MFP for total economy using the new methodology as LC, K... (the sum of
each industrial average period share of VA multiplied by sectorial MFP).

After estimates for all countries for the period researched had been derived,
the last results have been obtained.

3.7. The results of the research

The results of the new methodology application for the total economies of count-
ries researched are provided in two tables below. In the Table 3.5 all the labour
productivity constituents (LC, IT, CT, TR, OMash, NResid, Resid, Int, MFP),
sum to labour productivity, and they are expressed in percentage points. GVA
growth is the sum of the contributions of the hours worked (Contr H) and labour
productivity (Contr LP). As our special area of interest is Lithuania, the figures
for this country have been provided in the first line of the tables below. Special
attention has been paid to the following labour productivity constituents: LC, IT,
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CT, Int, and MFP, the sum of which is considered to a contribution of
knowledge based determinants (Contr Knowld) to the growth rates of econo-
mies.

Table 3.5. The average annual growth rate of gross value added (GVA growth) (in percentage
points) for the total economies is reflected by the contributions of hours worked (Contr H) and
labour productivity (Contr LP); detailed labour productivity constituents (LP = 100 % with
contributions of: labour composition (Contr LC), computing equipment (Contr IT), communi-
cations equipment (Contr CT), transport equipment (Contr TR), other machinery and equip-
ment (Contr OMash), non-residential structures (Contr NResid), residential structures (Contr
Resid), intangibles (Contr Intang), multi-factor productivity (Contr MFP)) and knowledge capi-
tal input (Contr Knowld) are expressed in percentage points; for Australia, the Czech Republic,
Denmark, and the USA the research period is 1995-2007, for Austria, Finland, Germany, Italy,
Japan, the Netherlands, Spain, the UK, and Lithuania — 1995-2009

Countrics GVA |Contr|Contr|Contr Co'ntr (Ioptr Contr | Contr Cont_r Con_tr Contr Cor!tr Contr
growthh H | LP | LC | IT | CT | TR [OMash |NResid|Resid | Intang | MFP |Knowld
I Lithuanig 45 |-01(45| 2 | 3 | 3 | 3| 28 | 31 | 1| 3 [ 16 | 27
boSweden | 32 |05]27] 9 | 8 | 3 [ 4| 25 | 5 [ 1| 7 |3 | es
3. Australia] 35 [12]23] 7 |26 | 3 | 6 | 12 | 14 | 1 | 11 | 190 67
4. UK 23 o3f2al 7| 222 s [ 15 [ 1] 4 [ 2] 7
S Finland | 25 | 05|20 5 | 5 | 4 | 1 | 5 6 | -1 o |61 | 89
susa |24 07|17 9o (25| s [ 8] 1t | 3] 2] 18] 5 | 6
TN a3 fos gl e f 20| 2 |6 | o4 o | 3| 14| 20| 7
8 Austiia | 20 | 05| 15| 12 | 15| 2 | 6 | -4 | 13 | 2| 5 [ 48| 83
0. Germany| 12 |-03[15]| 11 [ 17| 2 [ 8 | o 7 L1 | 14 | 33] 7
10.Spain | 29 | 141520 | 13| 8 | 15| 24 | 38 [ 28] 5 |-52| -5
N IR R[S 2 N T 1 T I P O (OO (N T N
12.0apan | 04 |07 1| 3|3 3 [ 310 ] 5 [ 1] 1w0] 4] s
3.dtaly | 08 |03 ]05]| 42 | 34| 7 [ 21| 44 | 47 [ 1 | o [—105] —13
llé'p Coech | o8 {00 (28| 4 [ 15| 3 | 13| 23 | 15 |6 | 4|25 | 4

In the Table 3.6 labour productivity contributors to the growth rate of value
added have been ranked. The highest contributor obtained a value of 1 and the
lowest value was 9 accordingly. LP is the sum of to the contributions of hours
worked (Contr H) and labour productivity (Contr LP).
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Table 3.6. Ranked labour productivity contributors for the total economies (contribu-
tions of: labour composition (Contr LC), computing equipment (Contr IT), communica-
tions equipment (Contr CT), transport equipment (Contr TR), other machinery and
equipment (Contr OMash), non-residential structures (Contr NResid), residential struc-
tures (Contr Resid), intangibles (Contr Intang), multi-factor productivity (Contr MFP));
the highest contributor obtained a value of 1, and relatively the lowest 9; for Australia,
the Czech Republic, Denmark, and the USA the research period is 1995-2007, for Aus-
tria, Finland, Germany, Italy, Japan, the Netherlands, Spain, the UK, and Lithuania
1995-2009

GVA | Contr |Contr| Contr [Contr|Contr|Contr| Contr | Contr |Contr [Contr |Contr
Countries growth | H LP | LC IT | CT | TR | OMash | NResid | Resid [IntangMFP
1. Lithuania 446 |-005/451| 8 6 7 4 2 1 9 5 3
2. Sweden 319 | 046 |273| 3 4 8 7 2 6 9 5 1
3. Australia 346 | 1.15 |231| 6 1 8 7 4 3 9 5 2
4. UK 233 | 027 |206| 3 2 8 7 5 4 9 6 1
5. Finland 251 | 052 199 6 5 7 8 4 3 9 2 1
6. USA 240 | 069 | 1.71 5 1 7 6 4 3 9 2 8
7. Netehrlands | 2.25 | 0.58 | 1.68| 4 2 9 6 7 5 8 3 1
8. Austria 204 | 050 | 154 4 2 7 5 9 3 8 6 1
9. Germany 1.16 |-029|146| 4 2 8 6 5 7 9 3 1
10. Spain 286 | 141 |145] 4 6 7 5 3 1 2 8 9
11. Denmark 193 | 075 [ 1.18| 7 1 8 5 3 6 4 2 9
12. Japan 039 |-0.70|1.09| 2 3 7 8 5 6 9 4 1
13. Italy 0.78 | 028 |0.50| 3 4 7 5 2 1 8 6 9
}1{2'13 Coech 280 | 001|281 7 | 4 | 8 |5 | 2 3 6|9 |

3.8. Conclusions of Chapter 3

1. The methodological problems that author had faced while applying the
growth accounting method for Lithuania, seeking to derive comparable,
fulfilling results which comply with international academic standards are
the following: the specific questions under discussion had to be combined
after a scientific analysis of relevant literature; the economic structure
pattern had to be accomplished by combining different economic branch
classifiers; the possible statistics had to be gathered and the further ones
derived; methodologies for three groups of countries then had to be com-
posed. Lithuania’s case required special accuracy and attention.

2. The results of the empirically tested methodology showed that despite the
highest Lithuania’s average labour productivity growth rate compared
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with more developed countries during the 1995-2009 research period, the

sum of Lithuania’s knowledge based contributors (i.e. labour composition

(Contr LC), IT capital (Contr IT), communications equipment (Contr

CT), intangibles (Contr Intang) and multifactor productivity (Contr

MEP)) to labour productivity growth for the total economy is significant-

ly lower compared to more developed countries — only 27%. The share of

the more developed countries is undoubtedly much higher: Finland was
the highest (89%), followed by Austria (83%), Japan (81%), the Nether-
lands (79%), the UK (77%), Germany (76%), Denmark (69%), Australia

(67%), the USA (66%), Sweden (65%), and the Czech Republic (42%).

Negative values were recorded for economies of Spain and Italy.

3. Ranked labour productivity constituents provided the following results:

3.1. The highest contributors to Lithuania’s labour productivity growth for
the total economy is Contr NResid and Contr OMash (none come
from knowledge based determinants).

3.2. On the contrary, the both primary contributors of knowledge based
determinants are of the following more developed countries: Austra-
lia, the UK, Finland, USA, the Netherlands, Austria, Germany, Den-
mark. Except Spain’s and Italy’s cases.

3.3. Consequently, a consistent pattern of knowledge based determinants
impact on economic growth of more developed countries can be indi-
cated. Therefore, knowledge based determinants can be stated as
proximate driving forces of those economies.

4. The research results provided a well noticed oneness of Lithuania’s case
in the context of more developed countries through the period researched.






General conclusions

Economic structure in the present thesis embraces the composition of
growth determinants of each industry and their aggregation to the
growth of the gross value added.

Industrial performance in the structure of economy encompasses the

following concepts: growth, development, transformation, and structural

changes. The latter is most generally used in contemporary scientific li-

terature.

Classically industrial labour productivity is measured as value added per

labour input (hours worked). This expression is still used in databases,

e.g. Lithuania’s statistics department or Eurostat. Hence, the classical

labour productivity measurement does not reveal the constituents of la-

bour productivity.

Systemized labour productivity estimation methods in the economic

structure enabled to distinguish the following their groups:

3.1. The aggregate productivity growth evaluation method. The method
estimates industrial performance in the structure of economy by
three parts of hypothesis and how their summation effects the
growth of aggregate productivity.
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3.2. Accelerations and decelerations in the aggregate productivity
growth evaluation method. The method estimates which industries
accelerate the aggregate productivity.

The 4.1 and 4.2 methods measure labour productivity with reference to clas-

sical approach, i.e. value added per hour worked.

3.3. The growth accounting method.

The method presents the most recent approach towards industrial labour
productivity measurement. It enables to decompose the percentage growth
rate of value added into the contributions of hours worked and labour pro-
ductivity, and particular labour productivity constituents. The obtained re-
sults of method employment enable to accomplish detail economic analysis
of growth determinants of differently developed economies from a compara-
tive perspective. It also provides a consistent economic structure in which
data on input and output can be collected, both across industries and
between variables and, as such, is a powerful organising principle.

4. The scientific problem of the present thesis is that classical measure-
ment of labour productivity does not reveal the constituents of labour
productivity and lack of methodologies, enabling to estimate the com-
position of economic growth determinants and their impact for the
growth of the total economy.

5. In order to solve the problem, the grounded methodology in this thesis
enables gross value added (GVA) determinants to be derived, namely
the hours worked and particular labour productivity constituents (labour
composition (Contr LC), computing equipment (Contr IT), communica-
tions equipment (Contr CT), transport equipment (Contr Tr), other ma-
chinery and equipment (Contr OMash), non-residential structures
(Contr NResid), residential structures (Contr Resid), intangibles (Contr
Intang)). The proposed new methodology is appropriate for each count-
ry, purposed to estimate economic structure growth determinants, i.e.
the contributors to value added and labour productivity.

6. The research provided actual results and the following recommenda-
tions for the Lithuanian case:
6.1.The estimation of determinants composition affecting the growth

rate of value added revealed the primary growth determinants of
Lithuanian economic structure. It was obtained that none of them
correspond to the knowledge based determinants. On the contrary,
in most of more developed countries the primary contributors to
growth come from knowledge based determinants.

6.2.The change of determinants composition significance impacting
different types of economies growth has been revealed: the higher
level of development, the more impact is provided by the
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1.

knowledge based determinants. But their full potential is obtained
after the creation of relevant infrastructure for economic develop-
ment.

6.3. Lithuania is only at the stadium of its infrastructure for economic
development creation. In order to accelerate its economic develop-
ment, we should create infrastructure, and together encourage the
determinants of computer, communications equipment, intangible
capital, multifactor productivity, and labour composition.

In the present thesis grounded new labour productivity indicators, la-

bour productivity constituents, present a more in depth perspective its

measurement, and, therefore, complement indicators provided by Lith-
uanian national statistics and Eurostat.

In the present thesis motivated new attitude enables to estimate eco-

nomic growth determinants and the impact of their composition for the

growth of the total economy.

In the present thesis reasoned new attitude estimates the proximate

sources of growth of different economies. Its implication for less devel-

oped country decreased the heterogeneity of the issue.

Many other factors not only inputs to production can determine the

growth of industries and total economy, e.g. macroeconomic condi-

tions, demand side factors, market structure, openness and barriers to
trade, etc. The proposed methodology focuses on inputs to production

(but land is not included).

It is merely a descriptive method and says nothing about causality.

The following practical implementation difficulties of the methodology

could be distinguished: a wide range of detail indicators are needed;

due to its wide scope the most recent data are not available; the calcula-
tions are long-lasting followed by consistency checks and certain meth-
odological recommendations.
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Summary in Lithuanian

lvadas
Problemos formulavimas

Disertacijoje tkio struktiira sudaro kiekvienos tikio Sakos pridétinés vertés augima le-
mianciy veiksniy sudétis ir jy agregavimas i bendros pridétinés vertés augima. Augima
lemianciy veiksniy sudéties kitimas jtakoja atskiry tkio $aky ir viso tikio ekonominio
augimo tempa. Augima lemiancius veiksnius atspindi darbo valandos ir darbo produkty-
vumo komponentai. Darbo produktyvumo komponentus sudaro skirtingi darbuotojy tipai
ir kapitalo raiSys (pvz. kompiuteriy jranga, komunikacijos priemonés, transporto priemo-
nés, kitos masinos ir jrenginiai, negyvenamieji pastatai, gyvenamieji pastatai, nemateria-
lusis turtas). Taip pat labai svarbus ir daugiaveiksnis produktyvumas, kuris jvertina visy
veiksniy produktyvuma.

Taciau klasikinis @ikio Sakos darbo produktyvumas vis dar iSreiSkiamas sukurta pri-
détine verte per darbo valanda. Taip matuojama duomeny bazése, tokiose kaip Lietuvos
statistikos departamentas (LSD), Eurostatas. Remiantis naujausiu poziiiriu i Gikio Sakos
darbo produktyvumo matavima, anksciau pateikti darbo produktyvumo komponentai yra
svarbiis aspektai lyginamajai ekonominei analizei ir turéty bati apskaityti.

Moksliné darbo problema — klasikinis tikio $akos darbo produktyvumo matavimas
neatskleidzia darbo produktyvumo komponenty ir trikumas metodiky, leidzianciy jver-
tinti tikio augima lemianciy veiksniy sudétj ir ju poveiki ekonominiam augimui.
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Darbo aktualumas

Pirma, problematika aktuali, nes Europos Sajungos (ES) $aliy nacionalinés statistikos
departamentams rekomenduojama jvertinti augima ir produktyvuma lemiancius veiks-
nius bei rengti ,,Augimo ir produktyvumo apskai¢iavimo saskaitas“ (Europos Parlamento
ir Tarybos reglamentas (ES) Nr. 549/2013, p. 525). Lietuvos statistikos departamentas
tokiy saskaity nerengia.

Antra, ES kapitalo, darbo, energijos, medziagy, paslaugy (EU KLEMS) ir pasaulio
kapitalo, darbo, energijos, medziagu, paslaugy (WORLD KLEMS) projektuose triiksta
kity maziau i$sivys€iusiy Saliy (iskaitant ir Lietuvos) augimo apskaiiavimo metodo
pritaikymo tyrimy rezultaty, kurie papildyty tarptautinius akademinius standartus.

Galiausiai, $aliy tikiy augima lemiantys veiksniai yra itin aktualts tiek tyrimy, tiek
politiniuose lygmenyse. Be to, darbo produktyvumo svarba akcentuojama tiek ekonomi-
nio augimo ir vystymosi teorijose, kuriy iStakos siekia XVIII a., tiek Siuolaikiniuose
darnaus vystymosi pozitiriuose.

Tyrimo objektas

Ukio 3aky augima lemiantys veiksniai ir ju poveikis ekonominiam augimui.

Darbo tikslas

Pagrindinis disertacinio darbo tikslas — nustatyti Gikio Saky augima lemianciuy veiksniy
sudétj ir juy poveiki Gikio ekonominiam augimui.

Darbo uzdaviniai

Tikslui pasiekti iskelti tokie uzdaviniai:

1. Istirti Gkio $aky veiklos ir ekonominio augimo sarysi.

2. I3analizuoti tkio $aky darbo produktyvumo apskai¢iavimo metodus. Pagristi
naujo darbo produktyvumo apskai¢iavimo metodo pritaikymo priezastis ir tobu-
linimo galimybes.

3. Sudaryti metodika, leidzian¢ia ivertinti Tikio Saky augima lemianciy veiksniy ir
darbo produktyvumo komponenty sudéti, bei ju poveikj ikio ekonominiam au-
gimui.

4. Patikrinti metodika tyrimui pasirinktoms Salims.

5. Atlikti Lietuvos atvejo analize labiau i$sivys¢iusiy $aliy kontekste.
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Tyrimy metodika

Nagrinéjant darbo objekta, taikytini $ie metodai:
— pirmoje darbo dalyje — mokslinés literatiiros kritiné analizé, kontekstiné analizé,

grupavimo analiz¢, lyginamoji ir apibendrinamoji analizé, indukcijos, dedukcijos
metodai.

— antroje darbo dalyje — grupavimo, lyginamoji ir apibendrinamoji analizés.
—empirinéje darbo dalyje — augimo apskai¢iavimo metodas. Gauty rezultaty verti-

nimui naudota lyginamoji analizé. Skai¢iavimams naudotas Ms Office EXCEL
2013 programos paketas.

Darbo mokslinis naujumas

I.

Disertaciniame darbe motyvuota nauja metodika yra tinkama, siekiant jvertin-
ti Saliy bendrosios pridétinés augima lemiancius veiksnius (darbo valandas ir
darbo produktyvumo komponentus), ir Gikio struktiiros Sablonas, apjungiantis
ivairiy ekonomikos rasiy klasifikatorius (ISIC 3, ISIC 4, NACE rev. 1, NACE
rev. 2).

Disertaciniu darbu pagristi nauji darbo produktyvumo rodikliai, darbo produk-
tyvumo kompentai (kompiuteriy jranga, komunikacijos priemonés, transporto
priemonés, kitos masinos ir jrenginiai, negyvenamieji pastatai, gyvenamieji
pastatai, nematerialusis turtas), papildantys LSD ir Eurostato duomeny baziy
teikiamus duomentis.

Motyvuotas kapitalo paslaugy jvertinimas nacionaliniu lygmeniu.

I8vesti detallis augima lemiantys kapitalo veiksniai nei vien informaciné ar nei-
nformaciné veiksniy grupés.

Praplésta ziniy pagrindo augima lemianciy veiksniy grupé. Prie kompiuteriuy
irangos, komunikacijos priemoniy, darbuotojy sudéties (kvalifikacinio pobi-
dzio), daugiaveiksnio produktyvumo gali biiti pridedama visa nematerialiojo
turto grupe.

Darbo rezultaty praktiné reikSmeé

Metodika gali buti praktiSkai naudinga LSD ir Eurostatui atliekant iSsamesnius darbo
produktyvumo matavimus bei ivertinant kapitalo paslaugas.

Rezultatai naudingi suinteresuotoms grupéms, formuojant viso Salies tikio, atskiry
oikio $aky ir industring politika. Taip pat prognozuojant ir skatinant tam tikrus tikslingus
Lietuvos tikio struktiiros poky¢ius.
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Ginamieji teiginiai

1. Darbe pagristas naujas pozitiris ivertina tikio struktiiros augima lemianc¢iy veiks-
niy sudéti ir ju poveiki tikio ekonominiam augimui.

2. Augima lemianciy veiksniy sudéties kitimas itakoja atskiry tkio Saky ir viso
ikio ekonominio augimo tempa.

3. Darbe motyvuoti nauji rodikliai, darbo produktyvumo komponentai, leidzia is-
samiau jvertinti darbo produktyvuma ir papildo LSD bei Eurostato teikiamus
duomenis.

4. Darbe pagristas naujas poziiris jvertina skirtingy $aliy ekonominio augimo $al-
tinius. Jo pritaikymas maziau i$sivysc¢iusiy Saliy grupei sumazino iki $iol gyva-
vusj tokio pobiidzio tyrimy heterogeniskuma.

Darbo rezultaty aprobavimas

Disertaciniu darbu sudaryta metodika, leidzianti jvertinti tikio augima lemianciy veiks-
niy sudétj ir jy poveiki ekonominiam augimui, yra aprobuota Lietuvos pavyzdziu. Diser-
tacijos tema paskelbta 10 moksliniy straipsniy. AStuoni — tarptautiniuose mokslo zurna-
luose, du — kituose mokslo leidiniuose. VieSinant disertacijos rezultatus buvo skaityti
keturi prane$imai Vilniaus Gedimino technikos universitete Verslo vadybos fakultete
doktoranty seminary metu, dvi prezentacijos tarptautinése konferencijose. SkaiCiavimy
klausimais buvo diskutuojama mokslinés stazuotés metu (2014/09/16-2014/11/16) tyri-
my centre [VIE (Valensija, Ispanija) bei Valensijos universitete (Valensija, [spanija).

Disertacijos struktiira

Darba sudaro jvadas, trys pagrindiniai skyriai, bendrosios i§vados, literatiiros sarasas,
autorés moksliniy publikaciju disertacijos tema saraSas ir priedai. Disertacijos apimtis
(be priedy) — 110 puslapiu, 42 formulés, 4 paveikslai ir 7 lentelés.

1. Ukio $aky veiklos ekonominio augimo procese teoriniy
pozilriy analizé

Ukio struktiiros ir ekonominio augimo tyrimy atitinkamoje uZsienio mokslinéje literattiroje
gausu: konstatuojama, kad Salies tikio struktiiros kilmé ir greitis yra itin svarbus reiskinys
darniam $alies vystymuisi bei diskutuojama jvairiais aspektais, pradedant veiksniais, le-
mianciais tkio Saky veikla, ir baigiant jzvalgomis apie tkio struktliros sandara darniam
Salies augimui ir produktyvumui skatinti (pvz. Andersen 2001; Bah, Brada 2009; Baumol
1967; Botta 2009; Bogliacino, Pianta 2011; Broadberry 1995; Broadberry, Ghosal 2005;
Castellacci 2010; Christiaensen, Jesper 2011; Cornwall 1994; Domingo, Tonella 2000;
Dumenil, Levy1995; Fagerberg 2000; Franke, Kalmbach 2005; Freeman, Soete 1997;
Gualerzi 1996; Guerrieri, Meliciani 2005; Hartwig 2010; Hishiyama 1996; Huber, Mayer-
hofer 2006; Jorgenson, Timmer 2009; Kuznets 1966; Kuznets 1979; Kummel et al. 2002;
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Lewis 1954; Maroto-Sanchez ,Cuadrado-Roura 2009; Murshed , Serino 2011; Nakatani
2007; Ninomiya, Yoshimoto 2008; Palana, Schmiedebergb 2010; Padoan 1998; Pan 2006;
Peneder et al. 2001; Peneder et al. 2003; Perez 1983; Perez 1985; Pugno 2006; Qin 2006;
Raa, Wolff 2000; Sanchez, Duarte 2006; Sauramo, Maliranta 2011; Syrquin 2010; Tim-
mer, Szirmai 2000; Vaona 2011; Yudha, Masaru 2012; Yi, Zhang 2010; Zhang 1996).

Lietuvoje detaliau §ig tema nagrinéjo Artiiras Vitas, kuris 2012 metais Vilniaus univer-
sitete apgyné daktaro disertacija ,,Lietuvos tikio strukttiriniy poky¢iu Baltijos Salyse analizé ir
vertinimas®. Jis pasitilé makroekonomini modelj struktiiriniams pokyc¢iams vertinti.

Pirmajame disertacinio darbo skyriuje atlikus moksliniy Saltiniy disertacijos tematika
kriting analizg, pastebimas nepakankamas Lietuvos mokslininky démesys Sios tematikos
tyrimams.

2. Ukio $aky darbo produktyvumo apskai¢iavimo metody
analizé

Antrajame disertacinio darbo skyriuje kritiskai iSanalizuoti darbo produktyvumo apskai-
¢iavimo metodai ir i§skirtos $ios jy grupés:

1. Bendro produktyvumo apskai¢iavimo metodas.

Sis metodas naudoja standarting poslinkio analize. Ja sudaro trys dalys — hipotezés:
struktiiry bonuso, strukttiry nastos ir vidinio augimo. Struktiiry bonuso hipotezé jvertina,
ar Salies ekonomika pereina i§ maZesnio | didesnio darbo produktyvumo tkio $akas.
Struktiiry nastos hipotezé tiria, ar tikio $akos, palaikancios auksta darbo produktyvumo
augima, taip pat plecia ir darbuotoju bei darbo valandy skaiciy. Paskutiné dalis — vidinio
augimo efektas — jvertina vidinj kio Sakos darbo produktyvumo augima, prisiimant
hipoteze, kad tkio Saka iSlaiké toki pat darbuotoju skai¢iy, kaip ir pradiniais metais.
Kadangi darbo produktyvumas turi tendencija augti, Sis jvertinimas dazniausiai biina
teigiamas.

Atitinkamoje mokslinéje literatiiroje yra daug §io metodo versiju, pagrindinis skir-
tumas tarp jy yra baziniy mety ar svoriy pasirinkimas.

2. Bendro darbo produktyvumo spartinimo jvertinimo metodas.

Sio metodo autoriai teigia, kad standartiné poslinkio analizé tinkamai nejvertina
besiple¢ianciy ir besitraukianciy tikio sektoriy ir jy $aky jtakos bendram darbo produkty-
vumo augimui. Jie sitilo modifikuota poslinkio analize¢, kuri panaikina §j standartinés
poslinkio analizés triikuma.

Pirmuose dviejuose metoduose darbo produktyvumas iSreikstas sukurta pridétine
verte, tenkancia vienai dirbtai valandai. Metodai ivertina struktfiriniu poky¢iy itaka eko-
nominiam augimui.

3. Augimo apskai¢iavimo metodas.

Sis metodas leidzia jvertinti tikio $akos pridétinés vertés augima lemianéiy veiksniy
sudétj ir darbo produktyvumo komponentus.

Metodas pateikia naujausia pozitrj i Gkio §akos darbo produktyvumo matavima.

Metodas yra galingas jrankis siekiant gauti svarbius lyginamajai ekonominei analizei
rezultatus bei uz¢iuopti skirtingy $aliy pagrindines ekonomikos varomasias jégas.
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Kadangi augimo apskaic¢iavimo metodas leidzia jvertinti naujausia, daug iSsamesni
nei iki Siol paplites, pozitiri i darbo produktyvumo matavima, ir yra pastebimas $io me-
todo pritaikymo trikumas maziau i$sivys¢iusioms Salims (jskaitant Lietuva), jis bus
naudojamas treciojoje disertacinio darbo dalyje.

3. Saliy dikiy augima lemianéiy veiksniy ir jy poveikio
ekonominiam augimui jvertinimas

Sioje disertacinio darbo dalyje, naudojant augimo apskai¢iavimo metoda, sudaryta nauja
metodika, leidZianti jvertinti $aliy pridétinés vertés augimo veiksniy sudétj. Veiksniy sudéti
sudaro darbo valandos ir darbo produktyvumo komponentai (kompiuteriy jranga (IT),
komunikacijos priemonés (CT), transporto priemonés (TR), kitos masinos ir jrenginiai
(OMash), negyvenamieji pastatai (NResid), gyvenamieji pastatai (Resid), nematerialusis
turtas (Intang), daugiaveiksnis naSumas (MFP), darbuotojy sudétis (LC)). S.1 ir S.2 pa-
veiksluose pateikti pirminio augimo apskai¢iavimo metodo ir naujos disertaciniame darbe
sudarytos metodikos pagrindiniai skirtumai.

Informacinio kapitalo Darbuotojy
grupe (ICT) sudetis (LC)
o ® () ()
Neinformacinio kapitalo Daugiaveiksnis
grupeé (NonICT) produktyvumas (MFP)

S.1 pav. Pirminio augimo apskaitiavimo metodo darbo produktyvumo komponentai. Ziniy
pagrindo augima lemianciy veiksniy grupé: informacinio kapitalo grupe, darbuotojy sudétis,
daugiaveiksnis produktyvumas (Timmer et al. 2007)

Kompiuteriy Transporto Negyvenamieji Nematerialusis Daugiaveiksnis
jranga (IT) jranga (TR) pastatai (NResid) turtas (Intang) produktyvumas (MFP)

Komunikacijos Kitos masinos ir Gyvenamieji Darbuotojy
priemonés (CT) jrenginiai (OMash) pastatai (Resid) sudetis (LC)

S.2 pav. Naujos disertacinio darbo metodikos darbo produktyvumo komponentai. Ziniy pagrindo
augima lemianciy veiksniy grupé: kompiuteriy jranga, komunikacijos priemonés, nematerialusis
turtas, darbuotojy sudétis, daugiaveiksnis produktyvumas (sudaryta autorés remiantis
Timmer et al. 2007)

Viso tkio ekonominis augimas matuojamas bendrosios pridétinés vertés procenti-
niu padidéjimu per laiko mata.

Ukio struktiira — kiekvienos tikio Sakos pridétinés vertés augimo veiksniu sudétis ir
ju agregavimas i bendros pridétinés vertés augima.

Ukio struktiros 3ablonas — tyrime naudoty duomeny baziy jvairiy rasiy ekonomi-
nés veiklos klasifikatoriu (pvz. ISIC rev. 3, ISIC rev. 4, NACE rev. 1, NACE rev. 2) ir
jose pateikty skirtingy tikio $aky agregavimas i viena $ablona, norint gauti lyginamuo-
sius rezultatus (S.1 lentelé).
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S.1 lentelé. Ukio struktiiros Sablonas (sudaryta autorés remiantis ISIC Rev. 3, ISIC Rev. 4, NACE
rev. 2 ekonomingés veiklos klasifikatoriais)

1. TOTAL. IS viso pagal ekonominés veiklos risis.
2. Zemes tkis, miskininkysté ir Zuvininkyste.
3. Kasyba ir karjery eksploatavimas.
5. Maisto produkty, gérimy ir tabako gamyba.
6. Tekstilés gaminiy gamyba; drabuziy siuvimas (gamyba); odos ir odos dirbiniy gamyba.
7. Medienos, popieriaus ir popieriaus gaminiy gamyba; leidyba ir spausdinimas.
8. Kokso ir rafinuoty naftos produkty gamyba.
9. Chemikaly ir chemijos produkty gamyba.
Pagrindiniy vaisty pramonés gaminiy ir farmaciniy preparaty gamyba.
10. | Guminiy ir plastikiniy gaminiy bei kity nemetaliniy mineraliniy produkty
gamyba.
11. | Pagrindiniy metaly ir metalo gaminiy, i§skyrus masinas ir jrenginius, gamyba.
12. | Kompiuteriy, elektroniniy ir optiniy gaminiy gamyba.
Elektros jrangos gamyba.
13. | Niekur kitur nepriskirty masiny ir jranginiy gamyba.
14. | Transporto jrangos gamyba.
15. |Baldy gamyba; papuosaly, juvelyriniy dirbiniy , muzikos instrumenty, zaisly gamyba;
masiny bei jrangos remontas ir jrengimas.
16. |Elektros, dujy, garo tiekimas ir oro kondicionavimas.
Vandens tiekimas, nuoteky valymas, atlieky tvarkymas ir regeneravimas.
17. | Statyba.
18. | Didmenin¢ ir mazmeniné prekyba; varikliy transporto priemoniy ir motocikly remontas.
19. | Transportas bei saugojimas.
20. | Apgyvendinimo ir maitinimo paslaugy veikla.
21. |Informacija ir rySiai.
Leidybin¢ veikla; kino filmy, vaizdo filmy ir televizijos programy gamyba, garso jraS§ymo
ir muzikos jrasy leidybos veikla; programy rengimas bei transliavimas.
Telekomunikacijos.
Kompiuteriy programavimo, konsultaciné ir susijusi veikla; duomeny apdorojimo, interne-
to serveriy paslaugy ir susijusi veikla; interneto varty paslaugy veikla.
22. |Finansing ir draudimo veikla.
23. | Nekilnojamo turto operacijos.
24. | Profesiné, moksliné ir techniné veikla.
Administraciné bei aptarnavimo veikla.
25. | Viesasis valdymas ir gynyba; privalomasis socialinis draudimas.
26. | Svietimas.
27. | Zmoniy sveikatos priezitira ir socialinis darbas.
28. |Meniné, pramoging ir poilsio organizavimo veikla.
Kita aptarnavimo veikla.
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Augimo apskai¢iavimo metodo
mokslings literattiros analizé

Praktinio pritaikomumo
problematikos apibrézimas

Duomeny baziy apzvalga

Ukio struktiiros $ablono kiirimas

Metodiky formavimas

& v ~

[ Saliy grupé 1 saliy grupe IIT Lietuvos atvejas
1. Rodikliy rinkimas 1. Rodikliy rinkimas 1. Rodikliy rinkimas
2. Rodikliy apdorojimas 2. Rodikliy apdorojimas 2. Rodikliy apdorojimas
bei sisteminimas bei sisteminimas " “bei sisteminimas
3. Darbo saskaity 3. Darbo saskaity .
parengimas parengimas 3. %gﬁgggﬁﬁ{::ml
4. Kapitalo saskaity 4. Kapitalo saskaity _ -
parengimas parengimas 4. Kapitalo saskaity
parengimas
5. Augimo apskai¢iavimo 5. Augimo apskai¢iavimo . .
saskaity parengimas saskaity parengimas 5. Auimﬁlo apskai¢iavimo
saskaity parengimas

/

Rezultaty i§vedimas ‘

Gauty rezultaty analizé, rangavimas

bei désningumy nustatymas

S.3 pav. Empirinés darbo dalies tyrimo schema (sudaryta autorés)

Tyrimui pasirinktos 3alys: Australija, Cekija, Danija, Svedija, JAV, Austrija, Suo-
mija, Vokietija, Italija, Japonija, Olandija, Ispanija, Jungtiné Karalysté, Lietuva.
Saliy pasirinkimo kriterijus:
— Lietuvos tikslas ilgalaikéje perspektyvoje yra pasiekti labiau i$sivysc¢iusiy Saliy
darbo produktyvumo lygi.

Tyrimo eigos etapai (S.3 pav.)
3. Darbo indélio saskaity rengimas

AlnL, =Y v, AlnH,,, (S.1)
/

¢ia A InL, — darbo paslaugos; H;,— darbuotojy pagal iSsilavinimo tipa (skaidymas: auks-
tos, vidutinés, Zemos kvalifikacijos) dirbty valandy dalis bendroje dirbty valandy dalyje
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(visy daliy suma turi biti lygi 1); v ;, — darbuotojy pagal i$silavinimo tipa vidutiné svo-
rio dalis bendroje darbuotoju kompensacijos dalyje (visy daliy suma turi biiti lygi 1).

Vi = O,S(VIJ +Vl,t—1); (S.2)
Vi = (ZPthHlt Y pryH, . (8.3)
/

Darbo paslaugos jvertintos naudojant kiekvieno darbuotojy tipo darbo valandy lo-
garitminius augimo tempus, pasveriant juos i§ to tipo vidutinés darbuotojy kompensaci-
jos dalies bendroje darbuotojy kompensacijos dalyje ir viska susiejant Tornqvist apim-
ties indeksu.

4. Kapitalo indélio saskaity rengimas

AnK, =3 v Aln 4y, (S4)
k

¢ia A [nK, — kapitalo paslaugos; 4, — kapitalo ragies (IT, CT, Tr, OMash, NResid,
Resid, Intang) reali atsargy verté; v, — kapitalo rai§ies vidutiné svorio dalis bendroje
nominaliojoje kapitalo kompensacijos dalyje (visy daliy suma turi biti lygi 1).

Vit = O’S(Vk,t +Vk,t—1)? (S.5)
Vit = (ZPKktAkt)_lpKktAkt > (5.6
k

&ia Yp*1Aj — bendroji nominalioji kapitalo kompensacija (bendrasis likutinis perteklius
atémus save jdarbinusiy Zmoniy pajamas).

Kapitalo paslaugos ivertintos naudojant kiekvienos kapitalo riiies realios atsargy
vertés logaritminius augimo tempus, pasveriant juos i$ tos kapitalo rasies vidutinés svo-
rio dalies bendroje nominaliojoje kapitalo kompensacijos dalyje ir viska susiejant
Tornqvist apimties indeksu.

Kapitalo rtisies kompensacijos apskai¢iavimas — vartotojo (nuomos) kainos pozitris:

pK/c,t = p]k,t—lit +akp1k,t - (Plk,t - plk,t—l) ) (8.7)

&ia p*; A4y, priklauso nuo kapitalo riisies atsargos nominaliosios vertés ir iikio §akos no-
minaliojo grazos tempo (S.8 formulé); kapitalo riiSies nusidévéjimo tempo (S.2 lentelé);
turto kainos pokyc¢iy.
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S.2 lentelé. Kapitalo rasiy nusidévéjimo tempai pagal tikio $akas (sudaryta autores jos sudarytam
ukio struktiiros Sablonui remiantis Timmer et al. 2007)

Kapitalo |Kompiuteriy Kompnikagijos T(anspoto mefgil:z)ss ir Negyvenamieji Gyvenamieji Nematerialusis
= : priemones jranga | L pastatai pastatai turtas
rigys | iranga (IT) (CT) (TR) 1(‘8‘11\%;‘;‘1{“)’ (NResid) (Resid) (Intang)

1 TOTAL

2 0,315 0,115 0,170 0,129 0,024 0,011 0,315
3 0,315 0,115 0,170 0,129 0,024 0,011 0,315
5 0,315 0,115 0,168 0,109 0,033 0,011 0,315
6 0,315 0,115 0,184 0,109 0,033 0,011 0,315
7 0,315 0,115 0,173 0,106 0,033 0,011 0,315
8 0,315 0,115 0,154 0,110 0,032 0,011 0,315
9 0,315 0,115 0,181 0,104 0,033 0,011 0,315
10 0,315 0,115 0,191 0,112 0,033 0,011 0,315
11 0,315 0,115 0,169 0,106 0,033 0,011 0,315
12 0,315 0,115 0,166 0,108 0,033 0,011 0,315
13 0,315 0,115 0,170 0,107 0,033 0,011 0,315
14 0,315 0,115 0,167 0,109 0,033 0,011 0,315
15 0,315 0,115 0,193 0,113 0,033 0,011 0,315
16 0,315 0,115 0,191 0,094 0,023 0,011 0,315
17 0,315 0,115 0,195 0,139 0,034 0,011 0,315
18 0,315 0,115 0,216 0,133 0,030 0,011 0,315
19 0,315 0,115 0,146 0,107 0,027 0,011 0,315
20 0,315 0,115 0,203 0,140 0,028 0,011 0,315
21 0,315 0,115 0,176 0,115 0,035 0,011 0,315
22 0,315 0,115 0,187 0,149 0,044 0,011 0,315
23 0,315 0,115 0,227 0,147 0,027 0,011 0,315
24 0,315 0,115 0,155 0,144 0,044 0,011 0,315
25 0,315 0,115 0,173 0,138 0,025 0,011 0,315
26 0,315 0,115 0,173 0,138 0,025 0,011 0,315
27 0,315 0,115 0,225 0,149 0,027 0,011 0,315
28 0,315 0,115 0,223 0,136 0,051 0,011 0,315

Ukio $akos nominaliojo grazos tempo (i) apskai¢iavimas:

K I I I
PR K A2 =P kD) Ak = 2P Ok Ak
- X e
i, = (S.8)
J.t I ’
Zp k,j.t-1 Ak,j,t
3

¢ia p?,-,,K_,‘, — bendroji kapitalo kompensacija (bendrasis likutinis perteklius atémus save
idarbinusiy Zmoniy pajamas); A, — kapitalo ruSies reali atsargy verte; plk,_,‘, — kapitalo
kategorijos rusies kainy lygis; 0y — nusidévéjimo tempas.

5. Augimo apskaiciavimo saskaity rengimas

Ukio $akos kuriama pridétiné verté (V) susideda i$ kapitalo (K) ir darbo (L) indéliy ir jos
nominalioji verté yra:
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PVIVI = PK/K/ + PL_/L_/a (8.9

¢ia P” — pridétinés vertés nominali kaina.

Pridétinés vertés augimas susideda i$ kapitalo, darbo ir daugiaveiksnio produkty-
vumo (MFP) (4") indéliy:

Aan/l :WKthanjt+WthAlnth+AlnAVjt, (SIO)

¢ia A In — natiirinis logaritminis augimo tempas; w — indélio svoris; indélio dvieju peri-
ody vidurkio dalis nominaliojoje pridétinés vertés dalyje. Indélio svoriy dalys augimo
apskai¢iavimo saskaitose:

Wth =(P";

jtht)_IPL thQWKjt =(P;

Wi PR LK (S.11)

jt
whAwh, = 1. (S.12)

Svoriai i§vedami i§ BVP apskaitos pajamy metodu komponenciy: darbuotojy kom-
pensacijos (COMP) ir bendrojo likutinio pertekliaus (GOS). Bendrojo likutinio pertek-
liaus (GOS) rodiklis yra pakoreguojamas atémus save jdarbinusiy Zmoniy pajamas (jos
pridedamos prie darbuotojy kompensacijos). Tokiu biidu gaunami bendrosios darbuotoju
kompensacijos ij, (LAB) ir kapitalo kompensacijos ij, (CAP) dalys nominaliojoje
ikio Sakos pridétinés vertés dalyje.

VA_Q=InAV,,, (S.13)
VA_Q —realios pridétinés vertés logaritminis augimo tempas.
VAconH =w* ,AInH ,; (S.14)
VAconLC =w" (AL, —AInH,); (S.15)
VAconK =w* ,AInK , ; (S.16)
VAconL =w" , AIn L, ; (S.17)
VAconMFP = Aln 4", (S.18)

w — veiksniy svoriai bendrojoje nominaliojoje tikio Sakos pridétinés vertés dalyje.

S.3 lenteléje pateikti tyrimui pasirinkty Saliy darbo produktyvumo rodikliai, iSreiks-
ti bendraja pridétine verte per dirbta valanda (eurais) 1995-2013 m. laikotarpiui. Matyti,
kad Lietuvos darbo produktyvumas Zemas. Taciau jo komponenty sudétis tradicinése
duomeny bazése néra atskleista. Taip pat pastebimas spartus Lietuvos darbo produkty-
vumo augimo tempas (jos darbo produktyvumas nuo 1995m. iki 2013m. i§augo daugiau
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negu dvigubai), taciau jis iSlieka Zemas palyginti su labiau iSsivys€iusiomis Salimis. I3
tradicinése duomeny bazése pateikty duomeny lieka neaisku, kokie yra Saliu augima
lemianciy veiksniy ir darbo produktyvumo komponenty sudétis bei ju poveikis ekono-
miniam augimui.

Naujos disertaciniame darbe sudarytos metodikos empirinio pritaikymo pagrindi-
niai rezultatai pateikti S.4 ir S.5 lentelése.

S.3 lentelé. Darbo produktyvumas, bendroji pridétiné verté (BPV) per dirbta valanda
(eurais) (Eurostatas, OECD)

Salis 1995|1996{1997(1998|1999{2000(2001{2002 (2003|2004 (2005|2006{2007 |2008|2009(2010{2011{2012| 2013
1. Lietuva 51015 5 5166|677 8181819198 |9 ]|10]10 11
2. Svedija 32133 | 34 (35|36 |37 |37 (39|40 |42 (43|44 |44 |43 |42 |44 |44 | 45| 46
3. Australija | 20 | 21 | 22 | 23 | 24 | 25 | 27 | 28 [ 29 [ 30 | 31 [ 32 | 34 [ 34 | 36 | 37 | 38 | 39 | 40
%a?;lllfsttigé 30| 31 | 32|33 |33|35|35|36|37 (38394041 |40 3940|4039 39
5. Suomija |30 | 31 | 32 [ 33 | 33 [ 34 [ 35 | 36 | 36 | 38 | 38 | 40 | 41 | 40 | 38 | 39 | 40 | 40 | 40
6. JAV 25126 | 27 |28 | 29 | 31 | 32|33 35|37 (39|40 |42 |43 |45 |46 |48 |49 | 50
7.Olandija | 38 | 38 | 39 | 40 | 41 | 41 | 42 | 42 | 42 | 44 | 45 | 46 | 46 | 46 | 45 | 46 | 46 | 46 | 46
8. Austrija 31|31 |31 (32|33 |34 |34|35[35/[35[36]37|38|38|38|39(39]|40]| 40
9. Vokietija | 34 | 35 | 36 | 36 | 36 | 37 | 38 | 39 | 39 [ 39 | 40 | 41 | 42 | 42 | 41 | 42 | 42| 43 | 43
10. Ispanija | 27 | 27 | 27 |27 | 27 [ 27 |27 | 27 |28 | 28 | 28 | 28 [ 29 |29 | 29 | 30 | 30 | 32 | 32
11. Danija 45| 46 | 47 | 47 | 47 | 48 | 48 | 48 | 49 | 51 | 51 | 52| 52| 51 |50 | 52|53 |53 53
12. Japonija | 17 | 18 | 18 [ 19 | 20 [ 21 |21 | 22 |23 | 24 | 25 | 26 | 27 |28 | 28 | 29 | 30 | 30 | 31
13. Italija 3131 |31 |31 |31 |32|32|32(32(32(32(33(33(32|32|3333|32]| 32
14. Cekija 81919199 |9 (10|10 11 1112|1213 |13 |13 [ 13|13 13 13
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S.4 lenteléje pateikti atlikto tyrimo rezultatai, ivertinti augimo tempa lemiantys
veiksniai ir ju sudétis. Rezultatai rodo, kad Lietuvos tieck BPV, tiek darbo produkty-
vumo augimo tempas yra didziausias kity labiau ekonomiskai pazengusiy $aliy kon-
tekste. Lietuvos vidutinis darbo produktyvumo augimo tempas tiriamu laikotarpiu
buvo 4,5 proc., i§ kity labiau issivys¢iusiy $aliy auks¢iausias — Svedijos 2,7 proc.,
7emiausias — Italijos 0,5 proc. Po Svedijos atitinkamai yra Australija, Jungtiné Kara-
lysté, Suomija, JAV, Olandija, Austrija, Vokietija, Ispanija, Danija, Japonija, Italija.
Tagiau Lietuvos ziniy pagrindo veiksniy grupé | darbo produktyvuma inesé tik
27 proc. Kity labiau i$sivys¢iusiy Saliy Sis rodiklis gerokai aukstesnis — Suomija (89
proc.), Austrija (83 proc.), Japonija (81 proc.), Olandija (79 proc.), Jungtiné Karalysté
(77 proc.), Vokietija (76 proc.), Danija (69 proc.), Australija (67 proc.), JAV
(66 proc.), Svedija (65 proc.), Cekijos (42 proc.) (isskyrus Ispanijos ir Italijos atvejus).
I§ rezultaty matyti, kad Lietuvos tikio struktiiros ekonominio augimo 3altiniai — negy-
venamieji pastatai ir kitos masinos bei irenginiai.

S.5 lenteléje bendrojo darbo produktyvumo komponentai iSdéstyti pagal svarba.
Didziausiam jvertinimui skirta vieneto reikimé, maziausiam — devyneto. Sioje lenteléje
pateikti rezultatai parodo akivaizdy Lietuvos atvejo iSskirtinuma. Didziausia indélj i
vidutini metinj darbo produktyvuma tiriamuoju laikotarpiu jne$é¢ negyvenamieji pastatai
ir kitos masinos ir jrenginiai (nei vienas augima lemiantis veiksnys Ziniy pagrindo grupei
nepriklauso). Taciau kitose labiau ekonomiSkai pazengusiose Salyse pastebimas aiskus
désningumas — didziausia indéli i darbo produktyvumo augima ine$¢ veiksniai i§ Ziniy
pagrindo grupés. Labiau i§sivys¢iusiy Saliy rezultatai — abu pirminiai augima lemiantys
veiksniai i§ ziniy pagrindo grupés: Australija (IT ir MFP), Jungtiné Karalyst¢ (MFP ir
IT), Suomija (MFP ir Intang), JAV (IT ir Intang), Olandija (MFP ir Intang), Austrija
(MFP ir IT), Vokietija (MFP ir IT), Danija (IT ir Intang), Japonija (MFP ir LC). Vienas
veiksnys i§ ziniy grupés: Cekija (MFP ir OMash). Iiskyrus Ispanijos bei Italijos atvejus,
atitinkamai (NResid ir Resid) ir (NResid ir OMash), i§ kuriy nei vienas pirminis augima
lemiantis veiksnys Ziniy pagrindo grupei nepriklauso.

Bendrosios iSvados

1. Disertacijoje tkio struktiirag sudaro kiekvienos tkio Sakos pridétinés vertés
augima lemianciy veiksniy sudétis ir jy agregavimas i bendros pridétinés vertés
augima.

2. Ukio 3aky veiklos tipai: augimas, vystymasis, transformacija, struktiiriniai poky-
giai. Siuolaikingje mokslinéje literatiiroje pastarasis yra dazniausiai naudojamas.

3. Klasikiniu btidu @ikio $akos darbo produktyvumas yra matuojamas sukurta pridé-
tine verte per darbo valanda. Taip matuojama ir Lietuvos statistikos departamen-
te bei Eurostato duomeny bazése.

4. Disertaciniame darbe susisteminti tikio Saky darbo produktyvumo apskai¢iavimo
metodai, i$skirtos tokios ju grupés:

4.1. Bendro produktyvumo apskai¢iavimo metodas.
Jis jvertina tikio $aky veikla struktiiroje remiantis trimis hipotezémis ir ju
poveiki bendro produktyvumo augimui.
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4.2. Bendro produktyvumo spartinimo jvertinimo metodas.
Jis ivertina, kurios tkio Sakos labiausiai prisideda prie bendro produkty-
vumo augimo.
4.1 ir 4.2 metoduose, paminétuose 4 punkte, tikio Sakos darbo produkty-
vumas isreikstas sukurta pridétine verte per darbo valanda.

4.3. Augimo apskai¢iavimo metodas.
Jis jvertina tikio $akos pridétinés vertés augimo veiksniy sudétj ir darbo
produktyvumo komponentus. Sis metodas leido jvertinti naujausia, daug is-
samesni nei iki §iol paplitgs, pozitiri i darbo produktyvumo matavima. Jo
pagalba iSvesti rezultatai, leido atlikti skirtingy Saliu pagrindiniy ekonomi-
kos varomujy jégu lyginamaja ekonoming analizg.

. Moksliné darbo problema — klasikinis tikio Sakos darbo produktyvumo matavi-

mas neatskleidzia darbo produktyvumo komponenty ir pastebimas trikumas me-
todiky, leidzianciy ivertinti fikio augima lemianciy veiksniy sudéti ir ju poveiki
ekonominiam augimui.

. Mokslinei problemai i§spresti disertaciniame darbe sudaryta metodika, leidzianti

jvertinti Saliy pridétinés vertés augimo veiksniy sudétj (darbo valandas ir darbo
produktyvumo komponentus (kompiuteriy jranga (IT), komunikacijos priemonés
(CT), transporto priemonés (TR), kitos masinos ir jrenginiai (OMash), negyvena-
mieji pastatai (NResid), gyvenamieji pastatai (Resid), nematerialusis turtas (In-
tang), daugiaveiksnis nasumas (MFP), darbuotojuy sudétis (LC)) bei ju poveiki
ekonominiam augimui. Metodika yra apskaiciuojamoji bei atvaizduojamoji ir
priezastiniy rySiy nenustato. Remiantis tikio struktiira, pateikiamas aiskus rodik-
liy apdorojimo principas, kuriame jeigos ir iSeigos duomenys gali biti surenka-
mi kartu ir tarp tkio Sakuy, ir tarp rodikliy.

. Empirinio tyrimo rezultatai:

7.1. Ukio augima lemianc¢iy veiksniy sudéties jvertinimas pateiké aktualius Lie-
tuvai rezultatus. Jis atskleidé Lietuvos tikio strukttiros ekonominio augimo
pirminius veiksnius. Pasirodé, kad nei vienas jy Ziniy pagrindo augima le-
mianciy veiksniy grupei nepriklauso. Ta¢iau daugumai labiau i$sivys¢iusiy
Saliy yra budinga, kad pirminiai augima lemiantys veiksniai yra i§ Ziniy
pagrindo grupés.

7.2. Atskleistas tikio struktiiros augima lemianciy veiksniy reik§mingumo kiti-
mo désningumas: Salims vystantis vis labiau tampa svarbiis Ziniy pagrindo
grupei priskiriami veiksniai. Taciau jie jgauna savo varomaja jéga tik suk-
rus tinkama infrastruktiira ekonominei plétrai.

7.3. Lietuva §iuo metu yra dar infrastuktiiros kiirimo stadijoje. Siekdami pa-
spartinti Salies ekonoming plétra, turétume tiek kurti infrastrukttra, tiek
skatinti kompiuteriy jrangos, komunikacijos priemoniy, nematerialiojo tur-
to, daugiaveiksnio produktyvumo ir darbuotojy kvalifikacijos veiksniy in-
délius i Lietuvos ekonominj augima.

7.4. Lietuvos tkio struktiiros pagrindiniai darbo produktyvumo komponentai il-
galaikéje ekonominéje perspektyvoje, siekiant labiau ekonomiskai pazen-
gusiy Saliy gerovés, turéty keistis, t.y. zenkliai didesni indéli i ikio strukta-
ros augima turéty inesti ziniy pagrindo grupei priskiriami veiksniai.
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8. Disertaciniame darbe pagristi nauji darbo produktyvumo komponentai, leidzia
i§samiau jvertinti darbo produktyvumg ir papildo LSD bei Eurostato teikiamus
duomenis.

9. Disertaciniame darbe motyvuotas naujas poziiris jvertina tikio strukttiros augi-
ma lemianciy veiksniy sudéti ir jy poveikj Gkio ekonominiam augimui.

10. Darbe pagristas naujas pozitris jvertina skirtingy $aliy ekonominio augimo 3al-
tinius. Jo pritaikymas maziau i$sivys¢iusiy $aliy grupei sumazino iki Siol gyva-
vusj tokio pobiidzio tyrimy heterogeniskuma.

11. Pazymétina, kad ir kiti veiksniai gali daryti ir daro poveiki Saliy tikiy ekonomi-
niam augimui (pvz. makroekonominés salygos, paklausos veiksniai, rinkos
struktiira, uzsienio prekybos politika ir t. t.). Taiau pagrista metodika galima
ivertinti gamybos veiksniy poveiki ekonominiam augimui (zemé néra itraukta),
metodika yra apskaic¢iuojamoji ir priezastiniy ry$iy nenustato.

12. I8skiriami Sie pagristos metodikos triikumai: biitini detaliis plataus masto duo-
menys ir griezta metodologiné skaiCiavimy seka lyginamiesiems rezultatams
gauti bei ilgai trunkantys skai¢iavimai.
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