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Abstract

This thesis strives to identify patterns of structural change while using panel

data from 38 countries and 9 economic sectors for the period from 1950 to

2005. Based on mutual correlations between individual countries, two different

methods for identifying structural change patterns are designed. The first one

assumes constant rate of structural change over time and uses the entire time

spans provided in the dataset. Second selects for each economy only certain

country-periods with significant structural transformation and looks for sim-

ilarities in sequencing of these country-periods between individual countries.

The classical agriculture-manufacturing pattern is dominant, but significant

successful patterns mainly with growing financial and transportation sectors

and falling personal and government services are also discovered. In order to

provide more complex perspective, proximity maps are drawn with position of

each country representing its development path relative to other economies.

Lastly, relationship between structural change and economic growth is proven

and further examined by listing several stylized facts about the structural trans-

formation, which are evaluated using the provided data.
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Abstrakt

Tato práce se zaměřuje na identifikaci vzorc̊u strukturálńıch změn za použit́ı

panelových dat z 38 zemı́ a 9 ekonomických sektor̊u pro obdob́ı od roku 1950

do roku 2005. V závislosti na vzájemných korelaćıch jsou navrženy dvě metody

pro identifikaci vzorc̊u strukturálńıch změn. Prvńı se zakládá na předpokladu

konstantńıho vývoje strukturálńı změny v čase a využ́ıvá k analýze celé časové

obdob́ı poskytnuté daty. Druhá vyb́ırá pouze některé země-periody s výraznou

strukturálńı změnou a hledá podobnosti v pořad́ı těchto země-period. Ačko-

liv klasický vzorec ekonomického rozvoje skrze pr̊umysl na úkor zemědělstv́ı je

nejvýrazněǰśı, i tak je objeveno několik ekonomicky úspěšných vzorc̊u, které

se vyznačuj́ı hlavně rostoućım finančńım a dopravńım sektorem a klesaj́ıćımi

osobńımi a vládńımi službami. Pro lepš́ı ilustraci výsledk̊u jsou tyto vzorce

zakresleny do vzdálenostńıch map, kde pozice každé země zobrazuje jej́ı struk-

turálńı vývoj relativně v̊uči ostatńım zemı́m. V závěru práce je dokázán vztah

mezi strukturálńı změnou a ekonomickým r̊ustem a tento vztah je dále zkoumán

skrze sérii stylizovaných fakt̊u, jejichž relevance je v rámci analýzy vyhodno-

cena.

Klasifikace JEL O41, O57, O14, J21
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Chapter 1

Introduction

Economic development entails structural change. Even if economic growth may

seem as a harmonious process, it consists of very uneven economic performance

of economic sectors. While one sector is rocketing and pushing the economy

forward, the other sectors are often left behind to stagnate or even to shrink.

This thesis intends to scrutinize the movement of production shares of individ-

ual economic sectors, look for similarities within these movements and relate

these resemblances to economic growth.

The main contribution of this thesis lies in identification of several structural

change patterns consisting of movement in nine economic sectors and compar-

ison of these patterns in terms of GDP growth. The structural change (SC)

patterns have been so far scrutinized using only the aggregated three-sector

databases or, from theoretical point of view, by relying on historical regulari-

ties (industrialization, urbanization, etc.) of economic development. Employ-

ing rigorous analytical methods based on correlation in development of indi-

vidual sectors should give better insight into the topic of structural change.

Disintegrating economy into nine sectors enables to distinguish movement in

financial or transportation sector from public and government services, which

were previously aggregated in one single item called Services. The individual

patterns then can be defined in terms of these nine sectors and also economic

growth can be scrutinized while using this 9-sector disintegration. In addition

to this, patterns are identified while using data for the entire economy and not

only export data, which should provide more precise picture of the economic

development. Last but not least, the developed method for identification is of

importance by itself since it could be reused on different and possibly more

comprehensive datasets once these will be available.
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The prime motivation for scrutinizing structural change is that “it is at the

center of modern economic growth” (Syrquin 1988, p. 208). However, structure

of the economy can move in many different directions and so it is fundamental

to understand the various patterns of structural change and see the implica-

tions of these patterns. The case could be that there exists only one universal

path towards prosperity and any detour from this path brings about economic

downturn. On the contrary, several SC patterns could lead to economic growth

on different trajectories. Furthermore, some different patterns can be asso-

ciated with lower than average GDP growth and should be eschewed. The

importance of structural transformation in a particular direction was argued

by the structural change theories, which originated in the 1960s mainly with

the work of Lewis (1954), Chenery (1960), and Kuznets (1971). More recent

literature includes Product Space of Hidalgo et al. (2007), Matsuyama (2008),

and McMillan & Rodrik (2011), who also kindly provided the data.

Thesis first analyses SC patterns by assuming constant development of the

structural transformation throughout the entire time spans. Eight distinct

patterns were identified. Even though the classical agriculture-manufacturing

trade-off was salient, several countries moved their economies in very differ-

ent directions and interesting similarities between Asian, European and Latin

American countries were discovered. Unfortunately, majority of African coun-

tries in the sample did not share the direction of structural transformation with

other countries nor between themselves. All of these development paths were

plotted on proximity maps to allow better understanding of each country’s po-

sition. After that, the assumption of constant rate of SC is relaxed and more

selective procedure is run which involves only chosen country-periods with sig-

nificant structural transformation. These country-periods are first clustered

into several subpatterns and the final patterns are defined as ordered sequences

of these subpatterns. Five of these patterns were identified, even if majority

of countries is related to the classical agriculture-manufacturing development

path. This analysis allowed to capture the differences in development more

precisely by comparing the structural transformation only in selected, clearly

defined periods.

These patterns are of interest on their own, yet they can serve as the first

step to more complex research. First, it is necessary to identify the direction

of the structural change before its determinants can be scrutinized. The same

applies to policy implications for the structural change and its relevance to eco-

nomic growth. It is important to understand what was the initial production
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factors endowment of the economy, what structural transformation the econ-

omy experienced and with what economic progress was this structural change

accompanied in order to possibly replicate the beneficial effects. Using the data

disintegrated into nine instead of the most common three sectors sheds more

light on which sectors government should promote to boost the growth and

which sectors usually stay out of the transformation. However, this thesis only

aspires to compare the individual patterns in terms of GDP growth and stress

out the significance of SC with the other question left for further research.

The rest of the thesis is structured as follows. Chapter 2 provides theo-

retical background, describes the development of theory of structural change,

lists several stylized facts and reviews the literature. Chapter 3 describes the

dataset used and data construction. Chapter 4 describes One-step procedure,

the first method used to identify SC patterns with the assumption of constant

pace of structural change, while Chapter 5 follows on this by relaxing this as-

sumption and presenting more complex approach to SC pattern identification

by separating each country’s time span into several periods. Chapter 6 relates

the findings from Chapter 4 and Chapter 5 to GDP figures, compares the pat-

terns with the stylized facts presented in Chapter 2 and investigates the overall

importance of structural transformation.



Chapter 2

Theoretical Background

2.1 Structural Change and Economic Development

Structural change, as defined by (Matsuyama 2008, p. 1), entails “complemen-

tary changes in various aspects of the economy, such as the sector compositions

of output and employment, organization of the industry, financial system, in-

come and wealth distribution, demography, political institutions, and even the

society’s value system.” Therefore it is a wide phenomenon, which can be anal-

ysed from many angles. However, this thesis focuses mainly on the composition

of output and treats all of the other aspects of structural transformation as sup-

plementary to shifts in production shares and leaves them for further research.

Importance of structural change for economic development is stressed by

many authors. (Kuznets 1971, p. 348) notes that“some structural changes, not

only in economic but also in social institutions and beliefs, are required, without

which modern economic growth would be impossible.”Likewise, (Chenery et al.

1979, p. xvi) view economic development“as a set of interrelated changes in the

structure of an economy that are required for its continued growth.” Structural

change then can become by itself a source of economic development when pro-

duction factors move from low to high productivity sectors. Since developing

countries are usually characterized by large productivity differentials between

distinct economic sectors [McMillan & Rodrik (2011)], structural change can

here exhibit larger economic benefit since it leads to markedly better utilization

of resources.

The technological advances as a source of economic progress, emphasized

for example by Solow growth model, are not as crucial for developing countries

as they might be for the developed ones. As noted in World Economic and So-
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cial Survey (United Nations, Department of Economic and Social Affairs 2006,

p. 29), for developing countries “growth and development are much less about

pushing the technology frontier and much more about changing the structure

of production towards activities with higher levels of productivity.” Therefore

developing countries need to focus more on directing the economy and fos-

tering high productivity sectors (i.e. structural change) rather than heed the

technological progress.

The most basic and widely acknowledged structural transformation accom-

panying economic development comprises of falling agriculture, which is at first

offset by rising manufacturing and consequently services. This was confirmed

by many empirical studies using three-sector datasets.1 If the possibility of

trade is first ignored, the reason for such movement would lie in the change

of composition of demand: Engel’s law stipulates that with rising income, the

proportion of food consumption in the overall consumption basket falls and

thus creates space for other non-agricultural sectors to develop. Such struc-

tural development was argued by Fuchs (1968) and also Clark (1951), who

based his ideas on the Maslow’s ‘hierarchy of needs’. Once people satisfy their

basic nourishment requirements, they continue to consume more dispensable

industrial products. At even later stage of development, “higher share of in-

come will be used to purchase services” (Schettkat & Yocarini 2006, p. 3),

located at the top of the pyramid. However, once trade is considered, the key

driving force behind structural transformation is the comparative advantage of

given country. Successful agricultural sector with high labor productivity would

necessarily compete with the industrial sector for labor and slowed down de-

velopment of industry. On the contrary, low productivity in agriculture would

supply large amount of cheap labor to the industry and enhance industrial-

ization [Matsuyama (1992)]. This trade-openness could thus partially offset

the above-mentioned process, speed it up or even steer the economy in a very

different direction.

It should be noted that the aim of the thesis is not an explicit description of

each development pattern and assigning to these patterns exclusive number of

countries which represent them. Firstly, the dataset would need to cover much

larger number of countries with more exhaustive time spans to sustain this

claim and the data are missing for distinct important geographical and demo-

graphical regions (transition economies of Central and Eastern Europe, Middle

East oil exporters, Northern Africa, Australia/Oceania). Secondly, there might

1See for example World Development Indicators [World Bank (2012)]
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not exist any distinct patterns with clear-cut borders, but rather a large vague

cloud with all countries heading in more or less the same direction. Countries

clustered closely together within the cloud might represent different SC pattern

but when viewed from global perspective, these economies could be hard to dif-

ferentiate from each other. Instead, the contribution of this work is in pointing

out several paths which countries in the sample experienced. Therefore, even if

assigning countries to patterns could pose problem due to such ambiguity, the

results should not be substantially affected by neglecting some of the weaker

relationships and focusing only on the strong ones. These ideas are expanded

in Section 4.3 with specific examples.

2.2 Literature Overview - Structural Change The-

ories

Studying the effect of how production factors are used in distinct sectors of

economy has been omnipresent topic since the very beginning of economics as

a science. However, applying econometrics to test such theories is fairly new

concept which was restrained by lack of appropriate data. These structural

change development theories became dominant in the 1960s led by the monu-

mental work of Arthur Lewis, Simon Kuznets and Hollis Chenery.

First such fundamental contribution to the SC theory is the dual economy

of sir Arthur Lewis. Lewis (1954) described the basic model of two-sector econ-

omy, presenting the classical dichotomy between traditional (agriculture in the

rural areas) and modern (industry in the urban areas) sector. Excess labor in

agriculture presents unlimited pool, which can be transfered to the industrial

sector. Marginal Product of Labor (MPL) in agriculture approaches zero and

thus the agricultural output will not decrease with the fall in agricultural em-

ployment. The wage (w) differential continues to attract the labor to industrial

sector until all surplus labor is absorbed (MPLagri = wsubsist), resulting in labor

migration. Industry is concentrated in the cities and thus urbanization takes

place. The additional labor in the modern sector increases the total output

and pushes the economy forward. The Lewis model was attacked from several

sides (investment in labor saving technology, capital flight, upward pressure on

wages from trade unions, seasonality of surplus labor, etc.), but most notably

by Theodor Schultz, who argued against the close-to-zero MPL. Schultz (1964)

demonstrated on the example of Indian influenza pandemic in 1918-1919 that



2. Theoretical Background 7

when labor is withdrawn (nearly 8% of rural labor force died) from agriculture,

“the output of the traditional sector falls.” Last but not least, Krugman (1994)

argued that Lewis’s ideas were not innovative at all, but rather by leaving out

economies of scale, his concept could be modeled using available tools and thus

received such enormous publicity in economic literature. Even if these short-

comings are not negligible, Lewis model still represents a key starting point for

every structural change theory.

Chenery (1960) in his famous Patterns of Industrial Growth argued that

countries develop on differing trajectories, which are specific to each country.

He advocated strong relationship between industrial growth and total output

of the economy. Besides this, he was one of the first to employ econometric

methods to identify the determinants of structural change, specifically within

the industrial sector. He claimed that the patterns that countries follow on their

way to higher income are closely related to their size, geographical location, and

abundance of natural resources.

Rostow’s Stages of growth model [Rostow (1960)] presented five economic

phases2 and emphasized the prominence of the central Take-off stage for fast

economic development. Besides a sharp increase in capital accumulation, Ros-

tow stressed out the importance of the ‘leading sector’. It is the one which

creates a production structure, which marks the way for development to the

other sectors. These linkages then enable to move the economy forward by

providing necessary (infra)structure for development of closely related mod-

ern products. Such notions were followed up by staple theory [represented for

example by Watkins (1963)] and more recently by Hidalgo et al. (2007), who in-

vented the concept of Product space, a relatedness network between individual

products which countries export. Economies which are in the densely occupied

center of the Product space can more easily move within this core and quickly

upgrade the manufactured products, since they already have certain human

capital, technology or geographical conditions necessary to manufacture neigh-

boring products. The idea of creating large proximity network was replicated

in designing the proximity maps in Chapter 4 and Chapter 5.

Matsuyama (1992) designed endogenous growth model, where concept of

‘learning-by-doing’ is assumed and causes the labor productivity to rise over

time. Even though ‘learning-by-doing’ might be present in other economic

sectors, it is related chiefly to manufacturing and no spillovers are assumed

2These are Traditional society, Preconditions for take-off, Take-off, Drive to maturity and
Age of High mass consumption
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across economy. Such increase in human capital leads to easier adoption of

innovations and becomes itself a source of endogenous growth. This growth

is mainly concentrated in manufacturing sector and so it becomes dominant

throughout the development process.

Most recently, McMillan & Rodrik (2011) have argued against beneficial as-

pects of structural change from the 1990s onwards, mainly due to globalization.

They clearly defined two types of productivity growth in the whole economy

- growth within economic sector and between economic sectors. While within

growth marks the increase or decrease of labor productivity within each and

every economic sector and thus does not entail change of employment struc-

ture, the between growth represents the movement of labor between sectors with

different labor productivity. Such between growth thus can signalize whether

country benefited or not from the undertaken movement of labor. Due to lack

of data, Rodrik focused his analysis only on the period from 1990 to 2005. He

argued that globalization accompanied by removal of the trade barriers creates

pressure on local producers to attain the productivity of the world competitors.

If these firms fail to do so, they are pushed out of the market. Therefore even

if the market leaders in the developing countries manage to increase their pro-

ductivity to the world level, the rest of the firms is pushed out of business and

labor moves towards other sectors, quite likely less efficient ones (most notably

informal sector). This growth-enhancing within productivity growth is likely to

be outweighed by negative between productivity growth. Structural change in

terms of different composition of the total output originates both from within

and between productivity growth since production shares are defined as labor

productivity multiplied by total labor force in given sector. For these reasons

many countries (especially in Africa) experienced growth-suffocating structural

transformation from the year 1990 onwards, even though the within labor pro-

ductivity increased rapidly.

Besides the above-mentioned, many others have notably contributed to the

field of structural change, among others Wood & Mayer (2001) who have ar-

gued that Africa will never follow the Asian path of fast manufacturing growth.

Given its low level of education and stock of natural wealth, it should rather

increase absolute level of exports by building up on its natural resources and

develop processing industry. Its long-run development path should thus resem-

ble more “land-abundant America than land-scarce Asia”. Imbs & Wacziarg

(2003) described the gradual changes in sector concentration in the economy.

At very low stage of development, countries display very narrow concentration
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into few sector (agriculture, mining). As they start to grow, they tend to diver-

sify and spread their economic activity more equally across sectors. Even later

on the development path, these countries begin to specialize and concentration

again increases. In conclusion, it should be noted that most of the recent work

focused on the importance of SC [McMillan & Rodrik (2011) or United Nations,

Department of Economic and Social Affairs (2006)] concentrated only on the

period from the year 1990 onwards, mainly due to data limitation.

2.3 Patterns of Structural Change

The first question that requires answer is whether actually several patterns of

structural change exist. It could be the case that each country followed similar

path resulting in a uniform pattern of development, typically with gradually

falling agriculture and rising industrial sector and services. Although coun-

tries might share similarities in terms of aggregate demand (disregarding the

differences springing from different cultural background and demography), the

supply side usually differs country by country. Such distinctions might be

compensated for by foreign trade. Therefore country with large comparative

advantage in agriculture may keep the production factors in the primary sector

and yet achieve high GDP growth rates without increasing the manufacturing

production. If we generalize this possible difference also to other sectors, “we

should not expect to find uniform patterns of growth in all countries” (Chenery

1960, p. 1).

To go one step further, individual characteristics of each country might

cause them to develop along unique trajectories and thus common patterns of

structural change might not even exist. In such a case the pattern identifica-

tion analysis would not guarantee comprehensive results. Fortunately, Syrquin

(1988) elaborates on some of the originally Kuznets’ thoughts and defines three

transnational factors, which are shared by all countries and shape the SC to

move in akin direction. These factors are:

� The industrial system reliant on similar technologies, high level of labor

concentration (i.e. urbanization) and dependence on building up human

capital

� Similarity of human wants and aspirations, which lies at the very basis

of economics (i.e. maximization of utility)
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� Organization of the world into centrally governed nation states which

apply similar policies to achieve economic prosperity

These transnational factors are complemented by national factors consisting

of country’s size, abundance of natural resources, geographical location and

‘historical heritage’. These national factors might then be similar to a group of

countries and together with the general transnational factors define the direc-

tion of country’s structural change, i.e. forming a structural change pattern.

Similar idea is presented by Chenery (1960) with his universal factors and par-

ticular factors, which are analogous to the Kuznets’ transnational and national

factors.

These transnational factors force countries to lower their agriculture share

of output at the expense of industrial sector. This, however, does not represent

universal development pattern since this transition may differ in terms of the

scope of the transformation, its speed and sequencing, time of occurrence or

consequent expansion of specific industrial sectors. This is one of the reasons

why using only the 3-sector datasets is not sufficient tool to encompass the

intricate topic of structural change.

This thesis aspires mainly to describe the individual patterns, not really to

look for the causality or the long-run consequences of the structural transfor-

mation. In order to identify individual SC patterns, three aspects need to be

covered, and three questions need to be answered:

� Shape of the SC. In which direction is the economy transforming?

� Time of occurrence. When does the transformation take place?

� Speed of the SC. How fast is the SC proceeding?

These three aspects define descriptive scope of the performed analysis.

2.4 Stylized Facts

Before the actual analysis is performed, several stylized facts of economic de-

velopment, relevant to the topic of structural transformation, are presented.

Kuznets became the first to establish stylized facts (historical regularities),

which usually accompany economic development. These facts are actually

nothing else than a generalized ‘universal’ pattern of development describing
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its uniform features. Therefore these facts will be of importance later when

compared with the discovered patterns.

Several authors listed and described these stylized facts, most notably Kuznets

(1973) and Syrquin (1988) and more recently Jorgenson & Timmer (2011). Be-

low is presented summary of principal facts relevant to this research.

Fast growth is associated with SC in the direction of manufacturing. Fall

in the share of domestic demand for food, which is replaced by industrial prod-

ucts and consequently by services, has already been described above. Besides

this most central point of each structural change theory, the demand-driven

composition of industrial production changes rapidly. The industry oriented

manufacturing is gradually replaced by consumption oriented manufacturing

products. The growth in industrial production is then driven endogenously by

the concept of ‘learning-by-doing’ [Matsuyama (1992)].

This transformation could be compared with the economic growth derived

primarily from the exploitation of natural resources, i.e. the famous resource

curse. These countries are in the short term able to produce satisfactory eco-

nomic growth, yet the focus on one or two economic sectors prevents further

economic development. Countries fail to diversify their economy and develop

modern economic sectors. Such growth sans development is classical example of

neglecting the importance of structural change. First, these countries often fall

victim to price volatility of natural resource on the world markets. Secondly,

concentration of revenue streams often results in “weak, ineffectual, unstable

or corrupt institutions” (Veit et al. 2011, p. 9).

Economic growth is accompanied by development in financial sector. Ris-

ing income enables people to accumulate savings and thus increases the amount

of capital offered. People start to demand investment goods, which is accom-

panied by development of financial sector. This can occur both in the form of

small-scale loans (microcredit) or large-scale investment projects. Later in the

development process, stock markets become important, which not only provide

liquidity to businesses, but also enable the flow of information and thus im-

proving the efficiency and lowering the potential investment risks [McKinnon

(1973)].

The composition of exports is moving from primary products to industrial

ones. On the other hand, composition of imports does not experience any



2. Theoretical Background 12

significant alternations. This idea was fundamental to all of the structural

research performed on the export data, but the presented analysis uses data

for the entire economy and thus the export/import figures play only partial

role.

Employment share of agriculture is falling more rapidly than the share of

manufacturing is increasing. This causes large proportion of population in

the least developed countries to work, or more precisely to be classified as work-

ing, in services [Ray (1998)], which is normally a typical feature of developed

countries. However, these people are not employed in the high productivity

services sector of Western type, but rather in very low productivity jobs in

the informal sector. This could be seen as a result of too fast rural to urban

migration. When these people enter the urban areas and fail to find an in-

dustrial employment, they are often forced to make living as petty retailers,

shoe cleaners or rickshaw drivers. Services in this case serve as an ‘employer of

last resort’ rather than high-productivity sector [United Nations, Department

of Economic and Social Affairs (2006)]. The most common three-sector econ-

omy fails to differentiate between these low-productivity occupations and thus

the aggregated Services sector in developing and developed countries must be

viewed in very different perspective.



Chapter 3

Data Sources and Data

Adjustment

3.1 9-Sector Database

In recent years, there has been extensive research of economic development

and structure using the data on export [see for example Wood & Mayer (2001),

Saviotti & Frenken (2008), Hidalgo et al. (2007) and many others]. These data

are comfortably available given the fact that this information is closely moni-

tored by both international trade organizations (WTO, UN COMTRADE) and

the developed countries, where mainly the exports from developing countries

are directed. These datasets are sorted by economic sector and academicians

found research on the assumption of similarity between structure of exports

and structure of the total output of the economy. However, this can never

satisfactorily encompass the real economy, since country is not likely to export

the same goods it produces in exactly equal proportion. Furthermore, ser-

vices are necessarily excluded from the analysis since they are from definition

non-tradable goods, even if they have been recently becoming more and more

tradable given the fast development in modern communications (example of

call centers in India).

In addition to that, patterns of economic development were also mainly

scrutinized using three-sector economic databases1 or different sort of very

1There is still slight confusion in the form of aggregation, when some authors and
databases differ on using agriculture and primary sector. Agriculture, which by itself in-
cludes farming, fishing and forestry, is only one part of the primary sector, which moreover
includes mining and quarrying. On the contrary, secondary sector includes besides manufac-
turing also construction, electricity, water, and gas (public utilities).
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rough aggregation (e.g. manufacturing, processed and unprocessed primary

products). Such data are provided for example in World Development Indica-

tors [World Bank (2012)] or in UNCTAD (2012) Database. This very blunt

aggregation partially constrains the analysis since it is impossible to differen-

tiate between even very distant economic sectors (e.g. financial services and

retail trade). At the other extreme lies approach of Hidalgo et al. (2007), who

used disintegration on the level of individual products and was able to compare

countries’ export structure very specifically.

Fortunately, the Groningen Growth and Development Centre (GGDC) 10-

Sector Database [Timmer & de Vries (2009)] contains suitable yet unbalanced

data decomposed into 10 sectors for 28 countries over the period of 1950 to

2005. No African country or transition economy from the Central and Eastern

Europe (CEE) region is included. The dataset contains employment levels and

labor productivity for individual sectors.

McMillan & Rodrik (2011) have extended this databases by adding 11 ad-

ditional developing countries (9 African countries, China and Turkey) for the

period 1990-2005, while following the procedure of GGDC authors to ensure data

consistency, and also dropped West Germany due to lack of data after 1991.

List of all countries together with their geographical location and GDP figures

can be found in Table A.1. In addition to this, Rodrik reduced the number

of sectors to 9 by combining Government Services and Community with Social

and Personal Services sectors together for the sake of preserving data consis-

tency.2 The final sector break-up is as follows: Agriculture, Hunting, Forestry

and Fishing (Agri), Mining and Quarrying (Min), Manufacturing (Man), Public

Utilities (PU), Constructions (Con), Wholesale and Retail Trade, Hotels and

Restaurants (WRT), Transport, Storage and Communications (TSC), Finance,

Insurance, Real Estate and Business Services (FIRE) and Community, Social,

Personal and Government Services (CSPSGS).

In addition to the unbalanced character of the dataset, the figures are

missing for several important regions which would be valuable for the anal-

ysis. Large scale deindustrialization (typically of heavy industry) in the post-

communist countries of CEE region and Commonwealth of Independent States

(CIS) in 1990s is definitely a distinct structural change, described by Kornai

(1994) as ‘transformational recession’. This process might resemble the move-

2For more detailed description of the data construction, please refer to the Appendix
of McMillan & Rodrik (2011) and the ‘Sources and Methods’ documentation on the GGDC

database’s web page: http://www.ggdc.net/databases/10_sector.htm.

http://www.ggdc.net/databases/10_sector.htm.
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ment of production factors in the Western developed countries during the 1970s

or 1980s and such data could enrich the analysis. Additionally, the structural

change of oil exporters from the Middle East and Northern Africa might resem-

ble the transformation in other economies (possibly African) heavily dependent

on extraction of natural resources. It could be interesting to compare the fast

growth generated by oil dollars with the countries possibly struck with the

resource curse.

Besides the data adjustment, McMillan & Rodrik (2011) note the issue of

accounting for informal sector in the database. This problem is even amplified

by including the additional developing countries, where the informality sector is

the most pressing issue and government figures might not reflect the real state of

affairs. However, using household census data should correctly approximate the

employment levels while accounting for the informal jobs, since people working

in informal sector do consider themselves to be employed. On the other hand,

the precision of labor productivity figures does rely heavily on the accuracy of

government sources, which varies across the sample. Unfortunately, there is no

way around this and thus the combination of national sources and household

surveys is used.

The possible inaccuracy of labor productivity data raises a possibility of

using only the employment data to estimate the SC patterns rather than the

production shares. But using the latter leads to ambivalence - was the observed

production share change result of change in employment share or change in la-

bor productivity? Such inquiry is not the central point of this analysis. The

definition of structural change stresses the movement of different production

factors among economic sectors and labor is only one of the three basic pro-

duction factors. Therefore even if one country would not experience any move-

ment of labor between sectors and only different growth in labor productivity,

the relative importance of the sectors to the whole economy would alter. Such

labor productivity growth is most likely result of increase in other non-labor

factors, i.e. mainly capital. It could be both physical (new machines, techno-

logical progress) or human capital (more skilled workers in the given sector,

education oriented towards the economic sector, learning-by-doing). Growth in

labor productivity therefore encompasses structural change and the production

share data are used for the main analysis.
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3.2 Data Adjustment

First, production output for each sector was calculated by multiplying the

employment figures by corresponding labor productivity.

Yi = Li · δi, (3.1)

where symbol L represents employment level, δ the labor productivity, i the

i th economic sector and finally Y stands for the production output.

Consequently, production shares were obtained by simply calculating share

of each sector on the total output, which is defined as a sum of the production

outputs of the nine economic sectors. For economic sector k, year t and country

c, production share s is defined as:

sk,c,t =
Yk,t,c∑9
i=1 Yi,t,c

. (3.2)

To illustrate the data construction more clearly, Equation 3.3 describes the

shape of agricultural production share for Italy in the year 1990.

sagr,1990,ITA =
Yagr,1990,ITA

Y1990,ITA

(3.3)

In order to compare the impact of the SC patterns, GDP figures were

added for the corresponding years from The Conference Board Total Econ-

omy Database (2011) from GGDC, which also maintains the original 10-sector

database. This database contains GDP figures for all countries with exception

of Mauritius. Therefore the dataset was supplemented by The World Bank

(2012) Database with the Mauritius figures. The only drawback represented

the need to transform the figures from 2000 constant US PPP dollar prices to

1990 constant US constant PPP dollar prices by multiplying them by 1990/2000

ratio of Consumer Price Indices. Consequently, the GDP figures were trans-

formed into logarithms and differenced to obtain percentage growth values,

since it makes no sense to measure the GDP growth in absolute terms given

the diametrically distinct country sizes and stages of economic development.

All of the data adjustment and regressions were performed using Stata soft-

ware. The proximity maps were plotted with ‘qgraph’ package [Epskamp et al.

(2012)] for the R software. The program for pattern selection was developed
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using Wolfram Mathematica and the computational speed was significantly ac-

celerated in C++. All the data and source codes are available upon request.



Chapter 4

One-step Procedure

4.1 Methodology

In order to identify patterns of SC, gradual approach is adopted. First, by

establishing simplifying assumption on the pace of structural change, its overall

direction is scrutinized over the entire time spans included in the database.

Every country in the dataset is included in the analysis even if the absolute

level of SC is fairly low. This approach is called the One-step procedure. After

relaxing the assumption on the rate of SC, the time spans are separated into

smaller intervals with significant SC and then Two-step patterns are defined as

ordered sequences of these smaller intervals.

Two countries are undergoing similar structural change if they are expe-

riencing changes with the same sign in individual sectors and if the relative

size of these changes is similar across sectors. This means that the individual

changes in production shares between two countries are correlated.

For every country and each economic sector, differences in production shares

between the first and the last year in the sample were calculated. For economic

sector k, year t and country c, the difference is easily:

∆sk,c = sk,maxc(t),c − sk,minc(t),c, (4.1)

where ∆s is the production share difference and s is again the production

share. Consequently, large correlation matrix between all of the countries across

the 9 economic sectors was computed, correlating across the production share

differences. The (i,j)th cell of the matrix is defined as correlation between the

production share difference of country i and production share difference of

country j across the 9 economic sectors.
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A(i,j) = corr(∆si,∆sj). (4.2)

The final 38x38 matrix can be found in Figure B.1. In order to approach

the identification of the individual patterns systematically, a program was de-

veloped to gradually examine every possible n-tuple (where n is a parameter

determining the number of countries in a pattern) and calculate their aver-

age correlation. Average correlation (Acorr) of a selected n-tuple, i.e. non-

repeating combination of n countries, is calculated in a following way:

Acorrn =

∑n
i,j=1;i 6=j corr(∆si,∆sj)

n2 − n
, (4.3)

where ∆s i represents again the production share difference of i th country and

serves as a proxy for the structural change. The denominator is derived from the

fact that each country-pair correlation is included twice (i-j and j-i possibilities)

and the term corr(∆si,∆si), which is logically equal to 1, is excluded.

Unfortunately, such computations resulted in enormous number of possible

combinations. If, for example, 9 countries with the largest average correlation

were sought for within the 38x38 matrix, it would be necessary to review
(

38
9

)
possibilities, i.e. something above 160 millions alternatives. Therefore a thresh-

old was introduced on the minimal magnitude of average correlation and only

those n-tuples above certain value were stored. The threshold was chosen to

be 0.8. However, this was only empirical matter since the program with such

threshold produced a sufficient number of countries to exploit and include all

combinations with high correlation and yet did not result in excessive number of

n-tuples to prevent or embarrass further work. The selection procedure was run

for every 9-tuple to 3-tuple. The upper limit of 9 countries was selected again

somewhat arbitrarily, and is motivated by the fact that a single pattern should

not embrace more than quarter of the sample. Finally, the patterns (groups of

countries with high correlation) were extracted from the results based on the

criteria of exhaustiveness (all groups of countries fulfilling the condition Acorr

> 0.8 were included) and excludability (two patterns could not share more than

one country) with preference to the larger patterns. The reason for allowing

two patterns to share one country was that a certain economy can be posi-

tioned exactly between two patterns and thus belong in both of these. Such

example could be the case of the US in the below displayed proximity maps

(e.g. Figure 4.2).
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Nevertheless, slight level of arbitrariness in selecting the countries is not

necessarily harmful since purpose of this analysis is to determine patterns and

their general direction, i.e. uniformities in the growth process, not the exact

members of these patterns. Exchanging one country for another should not in

larger sample interfere with the correctness of the results (i.e. description of

the pattern), even if these two countries would represent the most opposite SC

within the limits of the above mentioned procedure (i.e. sharing high correlation

with the rest of the countries).

Still, the natural downside of this approach is that it resulted in a large

amount of patterns, many of which are closely related both in terms of average

direction of SC and the individual countries included. For example, fairly often

a group of countries A displays large correlation with countries B and C. How-

ever, mutual correlation of B and C is considerably low. Thus these countries

could not be included in one pattern ABC, since the low BC correlation would

markedly decrease the overall average correlation and it would not surpass the

threshold of Acorr greater than 0.8. On the other hand, it makes little sense to

pinpoint two separate patterns AB and AC since these two would differ only

by one country and would represent very similar SC (not to mention that this

would breach the excludability criterion). Therefore preference was given to the

higher mutual correlation and the second significant relationship was neglected.

The minimum number of countries, which constitute an individual pattern,

was set to 3. Correlation of 0.8 between only two countries does not imply

existence of a pattern if it is not accompanied by similar SC in at least one

other country. However, it is still interesting to scrutinize direction of SC of

two countries if they have very large similarity in the shape of their SC and

this resemblance is not pinned down within any other pattern. The correlation

threshold for such country-pair was set to 0.9, again arbitrary choice of the

author.

This One-step (OS) procedure does not cover all three characteristics men-

tioned in Chapter 2. It well underpins the direction of SC but disregards entirely

the time issue by comparing the whole time spans and thus makes it impossible

to differentiate the start and the end of the pattern. Moreover, this procedure

implicitly assumes stable evolution of the SC in time, e.g. that Malaysian agri-

culture was falling at a constant rate and its manufacturing was also rising at

a constant rate during its entire sample time span. Despite such caveats, this

procedure still carries valuable information not too convoluted with technical-

ities.
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All of the values presented are in percentage points, not percents, even if

both approaches convey several conveniences and also caveats. Running the

correlation on changes in percentage points treats an increase from 5% to 20%

as equal to an increase from 30% to 45% and thus disregards the proportional

aspect of the structural transformation. On the contrary, running the correla-

tions on proportional shares will make the results dominated by increases from

very low values which could devastate the results. The intention is to scruti-

nize the direction of SC – if financial sector in Malawi rose from 1% to 3% and

in United Kingdom from 20% to 22%, using logarithmic scale (i.e. percents)

would completely throw off the analysis since it would require Malawi to move

in (or at least around) ratio 20:1 in every other sector to preserve high cor-

relation with the UK. Moreover, using percentage points should overall result

in higher correlations since the results should generally be more comparable.

Drop of 4 percentage point (pp) in sector A needs to be somewhere compen-

sated by 4 pp increase, let’s say in sector B. It is quite likely that some other

country experienced 2 pp increase and 2 pp drop in similar sectors and thus

they might display high correlation. On the other hand, if logarithmic scale

was used, this 4 pp drop could epitomize proportional 50% fall and yet the 4

pp increase could epitomize only 10% growth. Using log shares would enable

much larger variation in data and good fit between countries would be harder

to find. For these reasons, using percentage points better coincides with the

thesis goal of discovering uniformities in structural transformation.

Due to the overall ambiguity and complexity of the topic, later in the chapter

a graphical approach was also employed to enable the reader comprehensive

grasp of the pattern identification problem.

4.2 Overall Results - Patterns

In order to describe the individual patterns, mean and standard deviations of

∆s was calculated for each sector and every pattern. This should illustrate the

average changes in sector proportions of the countries sharing the same direc-

tion. However, simple means are not really comprehensive since the dataset

is strongly unbalanced and some of the patterns are mixture of countries with

55-year time span and 15-year time span. One way to tackle this problem is to

first adjust the changes of production shares by the number of years over which

this SC extended. Therefore the production share differences were normalized

to 45 years (median of the sample). This normalization would not in any way
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affect the pattern selection procedure. If ∆s of a country is multiplied by a

constant, the structural change correlation with other countries is not modi-

fied, since correlations are based on constant ratios. The results in percentage

points changes are presented in Table 4.1.1

Agri Min Man PU Con WRT TSC FIRE CSPSGS N

Major mean -16.00 -3.26 12.85 1.75 -1.07 0.15 5.10 4.79 -4.32

sd 8.84 6.74 8.59 0.82 2.64 4.42 3.32 3.88 2.67

Developed mean -1.45 -0.29 2.53 0.69 -2.15 2.64 4.42 8.70 -15.10

sd 2.00 0.54 1.82 0.61 4.55 3.56 2.15 4.21 10.15

B[R]IC mean -25.95 2.57 8.50 2.53 0.32 -0.33 3.04 3.97 5.34

sd 18.89 3.06 12.22 2.52 0.60 4.55 2.80 2.58 3.33

Western mean -1.25 -1.41 -4.36 1.29 -2.41 5.11 0.55 9.91 -7.43

sd 1.02 2.56 2.75 0.75 1.45 6.09 2.47 0.96 3.06

East Asia mean -18.51 -3.24 20.50 1.83 0.63 6.49 4.64 1.57 -13.90

sd 11.98 3.89 15.23 1.28 4.52 7.82 5.06 5.40 9.73

Roman mean -7.45 -0.70 1.99 1.86 3.57 -3.31 4.89 4.64 -5.49

sd 3.62 0.86 2.78 0.22 2.96 1.27 2.91 2.21 3.55

British mean -1.18 -8.17 -6.91 0.35 0.19 0.64 6.14 14.37 -5.43

sd 1.32 4.36 2.29 0.84 1.81 0.33 3.48 4.74 1.56

Islands mean -15.65 -0.29 -10.00 1.73 0.89 3.40 10.69 8.57 0.65

sd 5.52 0.29 7.49 0.57 1.45 2.61 6.38 8.90 0.26

All mean -8.62 -3.43 3.29 1.86 0.44 1.24 4.89 5.60 -5.28

sd 13.73 9.53 12.92 1.50 5.07 8.79 4.17 6.84 8.46

values in percentage points

38

9

7

4

4

4

3

2

2

Table 4.1: Production share differences of individual patterns normal-
ized for 45 years

Such approach should present more accurate picture of the patterns. How-

ever, this was achieved by assuming that the SC of the countries with shorter

time-span would continue in the same direction over the entire 45-year period.

Even though such assumption might be unrealistic in some cases (e.g. manufac-

turing boom in SA countries will most likely stagnate due to hitting countries’

capacity ceiling, relocation of investment to Africa, etc.), it is presented mainly

for illustrative purposes. Besides this, even if the adjusted pattern summaries

will be amplified in some cases, the mutual relationships between the economy

sectors within individual patterns will remain the same, which is crucial for

explaining the direction of SC.

It should be noted that standard deviations, as presented in Table 4.1, are

1For reader’s comfort, the abbreviations of the economic sectors are repeated in here:
Agriculture, Hunting, Forestry and Fishing (Agri), Mining and Quarrying (Min), Manu-
facturing (Man), Public utilities (PU), Constructions (Con), Wholesale and Retail Trade,
Hotels and Restaurants (WRT), Transport, Storage and Communications (TSC), Finance,
Insurance, Real Estate and Business Services (FIRE) and Community, Social, Personal and
Government Services (CSPSGS).
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fairly large. It comes as a logical consequence of the fact that identifying of

patterns was based on relative magnitudes of ∆s, not absolute values. Therefore

two countries could be included in one pattern even if magnitudes (but not the

sign) of their production share differences were diametrically different.

The patterns are ordered on the basis of number of countries included (N)

and the magnitude of average correlation. Since expressing the mean for each

pattern could be misleading as mentioned above, the mutual relationship be-

tween the changes in economic sectors need to be emphasized, not the absolute

values of percentage points as presented in Table 4.1.

Before the actual OS patterns of development are closely examined, it is

worthwhile to have a look at the shape of the normalized dataset. Even if the

aim of this work is to point out development patterns other than the classi-

cal agriculture-manufacturing relationship, these two sectors still represent the

largest variation in the sample (standard deviation above 15). On the other

hand, on average the transportation and financial sector were the fastest grow-

ing sectors, while personal and government services displayed the second fastest

decline after agriculture. To provide more detail on the shape of the data, the

level values of production shares for each economic sector and every country

can be found in Table A.2.

Table 4.2: Summary statistics of normalized dataset

Variable Mean Std. Dev. Min. Max. N
Agriculture -10.539 16.78 -58.795 24.393 38
Mining -4.191 11.651 -48.952 16.504 38
Manufacturing 4.022 15.793 -36.519 46.103 38
Public utilities 2.278 1.839 -0.294 7.560 38
Construction 0.535 6.2 -8.259 24.628 38
WRT 1.519 10.74 -34.148 37.96 38
TSC 5.98 5.101 -2.756 22.239 38
FIRE 6.845 8.365 -17.281 22.79 38
CSPSGS -6.449 10.337 -45.233 12.058 38

values in percentage points

Major

The first and largest pattern in terms of the number of countries included con-

sists of Costa Rica, Indonesia, Mexico, Malaysia, Thailand, Sweden, Spain,

Japan and Turkey. Even if it represents rather heterogeneous group, it is still
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clearly distinguished by extensive growth in manufacturing mainly at the ex-

pense of agriculture, and by moderate growth of transportation sector and

falling personal and government services. Several other countries (namely South

Korea and Taiwan) are quite closely related to this pattern and thus especially

in this case the assigning of the pattern to the countries should be taken with a

grain of salt. Furthermore, the position of Costa Rica as the only representant

of Central America and Caribbean should attract attention. It was the only

country in the region, which managed to create jobs in industrial sector and

thus push the economy forward [United Nations, Department of Economic and

Social Affairs (2006)].

Developed Countries

This pattern comprises of Chile, France, Singapore, Netherlands, Italy, USA

and quite surprisingly Ethiopia. Even if Ethiopia portrays a typical low devel-

oped African country, the direction of its SC matched the direction of the de-

veloped countries. The possible explanation could be poor data and the results

in this case must be interpreted with causality. In addition, even if Ethiopia

experienced this structural transformation, such movement of economic factors

is most likely counterproductive at this early stage of development.

The pattern encompasses rapid fall in personal and government services,

small decrease in construction sector and agriculture, moderate growth in trans-

portation and larger increase in retail trade. In case of Ethiopia, this coincides

with the stylized fact of too fast rural to urban migration, where people end

up working in informality sector for local transport or as petty retailers.

B[R]IC

This pattern comprises of the two world’s most populous countries, India and

China, and together with Brazil and Columbia represent 3 out of the 4 ambi-

tious phenomenon BRIC. Russian Federation is missing, since it is not included

in the sample.

This SC direction is quite similar to the Major pattern and is distinguished

by enormous fall in agriculture compensated by growth in manufacturing, per-

sonal and government services, financial and transportation sector. It is also

worth noting that B[R]IC economies are the only OS pattern with at least

moderate rise in personal and government services.
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Western

This pattern consists of Denmark, United States, United Kingdom and Hong

Kong. It is distinguished by fall in manufacturing, quite an exception among

all of the other patterns. Not surprisingly, the financial sector as well as retail

trade is growing, mainly at the expense of personal and government services.

East Asia

This patterns represents the typical success story of South and East Asian

economies originating in burgeoning manufacturing and plummeting agricul-

ture. More interestingly, these countries also experienced large drop in personal

and government services and lower in mining compensated by growth in retail

trade, transportation and financial sector.

This SC direction is again quite similar to both Major and East Asia pat-

tern. It includes South Korea, Taiwan, and Sweden. The fact that Sweden

experienced proportionally similar SC from 1950 to 2005 as did Korea or Tai-

wan from the 1960s to the present time partially proves the resemblance in

development paths of industrialized and newly industrialized countries.

Roman

This pattern represents quite inhomogeneous trio of Peru, Spain and Sene-

gal, each from different geographical location and at very different stage of

economic development. Besides the standard fall in agriculture and personal

and government services, these countries experienced growth in financial and

transportation sectors.

UK-SA

This is the first of the minipatterns comprising of only two countries, United

Kingdom and South Africa. The extremely high correlation (0.975) is worth

noting even if the SC did take place in different time spans. The direction of

these two countries was nearly identical, not expected given different endow-

ment of natural resources, geographical location and historical development,

sharing only its Commonwealth tradition.

The pattern is based on rapid growth in financial sector, which confirms

the fact that London established itself as a world’s financial center and South
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Africa as a leading African country [World Bank (2007)]. It occurred mainly at

the expense of mining, manufacturing and personal and government services.

Islands

The second minipattern represents the SC of island countries of Philippines

and Mauritius. Quite exceptionally, these countries experienced fall in both

agriculture production and manufacturing. This might be a logical outcome of

their unfavourable geographical location. This decrease was compensated by

growth in transportation and financial sector.

4.3 Understanding the Patterns

Large proportion of patterns presents the classical agriculture-manufacturing

path, even though some countries move either in opposite or very different

direction. Such distinctions are not well captured by simply listing patterns

with mean values of their production shares differences. Each pattern describes

only a cluster of countries with high correlation but does not pin down the

milder relationships with other countries nor position of countries within the

individual patterns. This should be also of interest since this would enable

too see the country’s direction of SC without strictly linking it to one or two

particular patterns.

The milder relationships can be portrayed through proximity maps, where

every correlation between two countries represents their mutual distance. This

idea was adopted from Hidalgo et al. (2007), who plotted the individual prod-

ucts countries export on a map. This map thus constitutes a network of prod-

ucts and country’s position on the map is defined by the collection of products

it exports. On the contrary, in the proximity maps as presented in this thesis,

each node of the network represents directly one country.

Since the lowest possible value in the proximity maps is zero (no relation-

ship), negative correlations are ignored and their distance is set to zero. This

does not necessarily bring bias to the shape of the proximity maps, since the

vast majority of correlations is positive and those negative ones are typically

very close to zero. In addition to that, nearly all negative correlations are

associated with either Malawi, Kenya, Nigeria or Zambia, which experienced

very different structural transformation and would be located anyway on the
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periphery. For more details on the shape of correlation matrix, the reader is

referred to Figure B.1.

Replacing the negative values with zeros resulted in nonnegative symmetric

adjacency matrix, which serves as a basis for the proximity maps. Plotting

the countries in the map encompasses optimizing the overall distance between

them to achieve a minimum. The estimation method is based on Fruchterman

Reingold algorithm [Fruchterman & Reingold (1991)], where each country (both

correlated and independent) repulses each other and correlated countries also

attract each other. “After a number of iterations (500 by default) in which the

maximum displacement of each node2 becomes smaller a layout is achieved in

which the distance between nodes correspond very well to the absolute edge

weight between those nodes” (Epskamp et al. 2012, p.12). In addition, stronger

relationships are highlighted by bold lines. For more detail on the estimation

please see Epskamp et al. (2012).

The map with original data (Figure 4.1) might seem a little bit confusing

since for example difference in correlation of 10%, quite significant in terms

of similarity of SC, is reflected by rather low difference in mutual distance.

Therefore in order to see the distinct patterns and relationships between them

more clearly, larger weight is given to higher values by raising the correlations to

the 3rd (Figure 4.2) and eventually to the 5th power (Figure 4.3). Nevertheless,

Figure 4.1 still best describes the actual position of countries vis-à-vis each

other and it reminds more of a vague cloud than of clear-cut clusters. The

estimated OS patterns are of course resembled in the proximity maps, especially

for the case of Figure 4.3, which accentuates higher correlations. To allow

more illustrative perception, every pattern is displayed in its own color. Since

one country can overlap between two patterns, there are 4 countries (US, UK,

Sweden and Spain), which are assigned to specific category called ‘two patterns’.

Furthermore, in Figure 4.1 the remote position of the above-mentioned

African countries from the country-cloud and also from each other is well vis-

ible. This relationship is naturally repeated in the other proximity maps, yet

the preference for larger values diminishes the uniqueness of these states. These

countries together with Ethiopia represent the poorest economies in our sample.

For example Malawi since 1990 experienced moderate growth in agriculture (7

percentage points) and financial sector (6 pp). On the other hand, manufactur-

ing (8 pp) and transportation (9 pp) were falling. Besides nearly omnipresent

2In the proximity maps, nodes represent countries and edge weight is the distance between
two nodes.
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growth of financial sector, the direction of Malawian SC was going in reverse

direction to the widely spread agriculture-manufacturing pattern. On the con-

trary, Kenya for example experienced overall low movement between economic

sectors. It distinguishes by a small fall in manufacturing (2 pp) and moder-

ate growth in in transportation (6 pp). Moreover, financial sector decreased

by 5 pp, which is an unique event repeated only in case of Ghana. Such low

fluctuations are thus hard to compare with other economies.
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Figure 4.1: OS proximity map with nonnegative values
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Figure 4.2: OS proximity map with values raised to the 3rd power
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Figure 4.3: OS proximity map with values raised to the 5th power



Chapter 5

Two-step Procedure and

Period-based Approach

5.1 Index of SC Stability

The One-step procedure assumed that countries’ economies are stable over time,

i.e. the speed of transformation in one sector relative to speed of transformation

in other sectors did not alter in any significant manner within the provided

time span. This assumption might not be feasible and needs to be tested by

constructing index of SC stability.

In order to do so, the country time spans were separated into smaller non-

overlapping elements, each long 5 years. If the time span was not divisible by

5, it was truncated since the legitimacy of the test does not rely on presence of

all observations. The point behind employing data in 5-year periods and not

for every year is to prevent short-term fluctuations to significantly influence the

results.

The observations were first differenced between the start and end points

of every 5-year interval (again for each sector and every country). These 5-

year production share differences were correlated between each other for given

country, correlating over the nine economic sectors. The criterion used for

testing is the average correlation (as defined in Chapter 4) of all these intra-

country correlations. The final index looks in following manner:

Φ =
38∑
c=1

∑n
i,j=1;i 6=j corr(∆sc,i,∆sc,j)

n2
c − nc

, (5.1)

where c represents the 38 countries and n the number of 5-year intervals for
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every country minus one (the periods were differenced). ∆s is now the difference

in production shares for the 5-year intervals.

Each country presents very different picture in terms of structural develop-

ment stability. Unfortunately, the final value of the index is only 0.16. This

means that the rate of SC was somewhat similar but countries as a whole dis-

played fairly low correlation between individual periods. However, this does not

constitute a definite proof for invalidating the One-step procedure, which would

still had its meaning even if Φ approached zero. The OS procedure delivers cer-

tain perception of country’s long-term development trajectory and explaining

these aggregated patterns still provides valuable information.

Nevertheless, this still calls for another approach taking into account the

speed of SC that would describe the structural transformation more adequately.

Exploring shorter periods should make the analysis more focused on the core

issue of identifying clear-cut structural change patterns.

5.2 Methodology and Subpatterns

The Two-step procedure resembles the One-step procedure but the process is

more selective and relaxes the previous assumption of constant speed of SC. By

selecting only certain intervals within the time spans provided by the dataset,

the Two-step (TS) procedure enables time determination and sequencing of

structural change. Examining the order of the selected intervals represents the

second step in this Two-step procedure.

The time spans of individual countries were first split into overlapping 5-year

intervals. The starting points of the 5-year intervals were gradually incremented

by one year, so that for every country (n-4) intervals were created,1 where n

represents the number of observations (years) for each country. Again as in

Section 5.1, the production share differences were calculated for each 5-year

interval. Consequently, threshold was presented to eliminate intervals which

over given period experienced only low level of SC. Firstly, it makes no sense to

talk about structural change if the production shares of economy are more or

less stable. Secondly, such low levels of SC would be vulnerable to short term

fluctuations and data shortcomings and thus hampering with the analysis. The

threshold was set to 8 pp as a sum of absolute values of ∆s of individual sectors,

which in reality means 4 pp change since every increase in one of the sectors

1This means that for example Argentina, which time span starts in 1950 and ends in 2005,
comprised of following 5-year intervals: 1950-1954, 1951-1955, 1952-1956, . . . , 2001-2005.
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must be naturally compensated for by fall in another sector. Therefore for each

5-year interval, the following must hold:

SClin =
9∑

i=1

abs(∆si) ≥ 0.08. (5.2)

Consequently, the remaining 5-year intervals were correlated among each

other for every country. Adjacent 5-year intervals (e.g. Argentinian intervals

1952-1956 and 1953-1957) were merged together if their correlation was higher

than 0.8. These resulting country-periods were then trimmed so that they did

not overlap. Preference was given to larger country-periods, i.e. if two country-

periods shared several years (e.g. SC in Peru from 1961 to 1969 was determined

to be distinct from Peruvian SC from 1967 to 1980), these disputable years were

added to the larger pattern (the final country-periods for Peru would then be

1961-1966 and 1967-1980). Minimum number of years for country-periods was

set to 5, so several trimmed ones needed to be dropped out of the sample.

In the end, the final production share differences were recalculated for every

country-period.

This procedure ended in total of 103 country-periods, still fairly large num-

ber preventing from using the same programming method as in One-step pro-

cedure. If, for example, 20 countries with highest mutual correlation should be

selected in 103x103 matrix, there is
(

103
20

)
possible combinations, i.e. something

over 1 sextillion (1021) alternatives. Therefore the sample was first roughly

separated into several possibly overlapping groups with approximately similar

shape of SC and then equal procedure as in Chapter 4 was run with mini-

mal threshold for average correlation equal to 0.65 and minimum number of

countries considered to be a separate subpattern equal to 5. This resulted in

total of 6 subpatterns. Since these are again country-periods with considerably

distinct time duration (minimum 5 years, maximum 29 years), the production

share differences were again normalized by median of the whole sample, which

is 6 years. The adjusted means and standard deviations for individual subpat-

terns are presented in Table 5.1. The size of standard deviations is again of

lower importance, since similar discussion applies as in Chapter 4

These subpatterns are of interest by themselves. The country-periods as-

signed to the subpatterns can be found in Table 5.2. Subpattern 1 distin-

guishes itself by falling manufacturing and constructions, while financial sector

and mainly personal and government services rise. Countries included under

subpattern (SP) 2 experienced significant drops in manufacturing, agriculture
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Agri Min Man PU Con WRT TSC FIRE CSPSGS N

SP 1 mean -0.34 0.03 -2.51 0.41 -2.05 -0.52 0.46 1.57 2.97
sd 1.23 0.57 0.93 0.32 1.17 1.36 0.57 0.76 1.39

SP 2 mean -1.32 0.02 -1.72 0.17 -0.10 -0.64 1.11 3.79 -1.31
sd 1.27 0.42 1.65 0.36 0.52 1.26 1.29 1.26 1.23

SP 3 mean -0.53 -0.42 1.00 0.10 1.15 0.93 0.26 2.04 -4.54
sd 1.04 0.60 1.59 0.36 2.29 1.39 1.43 1.98 1.94

SP 4 mean -4.17 -0.38 3.07 0.34 0.56 0.38 0.91 0.42 -1.13
sd 2.03 1.43 1.64 0.27 1.07 1.36 0.88 1.23 1.74

SP 5 mean 1.80 -7.97 -0.72 0.75 0.40 2.03 1.42 0.80 1.49
sd 2.25 2.17 2.71 0.86 1.39 1.90 1.05 1.27 1.74

SP 6 mean 0.31 0.61 0.35 0.76 0.04 0.61 0.78 -5.02 1.55
sd 0.57 1.00 1.18 0.27 0.97 1.38 1.47 1.33 1.73

5

9

12

23

28

6

Table 5.1: Production share differences of individual subpatterns nor-
malized for 6 years

and even personal and government services, while financial sector was growing.

Subpatterns 3 and 4 embody the largest proportion of all country-periods. The

former (SP 3) represents later stage of development with growing financial sector

and falling personal and government services. Majority of countries included in

this pattern are Western developed countries plus several developing during the

1990s. The latter subpattern (SP 4) epitomizes earlier stage with plummeting

agriculture and rocketing manufacturing. Members of this pattern are typically

successful economies of East Asia. SP 5 originates most likely as a consequence

of collapse of certain natural resource market, where countries relied heavily on

exportation of this natural resource. Finally, SP 6 could be viewed as effect of

collapse on financial market. Both of the last two subpatterns include mainly

developing countries from Latin America and Africa. The implications of these

subpatterns for economic growth are in more detail scrutinized in Chapter 6.

Again as in the case of One-step procedure, graphical approach was em-

ployed to describe the the relative distances within and also between the sub-

patterns.

5.3 Two-step Patterns

This adjusted procedure allows not only to capture the pattern’s position in

time, but also different pace of SC by combining several subpatterns with sim-

ilar sequencing into a composed pattern. This is actually the reason why this
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Table 5.2: Country-periods assigned to individual subpatterns

SP1 SP2 SP3 SP4 SP5 SP6 none

ARG 78-85 BOL 94-00 ARG 90-98 ARG 64-73 BOL 54-61 ARG 00-04 BOL 82-88
CHL 71-78 BRA 62-69 CHL 58-63 BOL 62-68 BOL 72-81 BRA 91-97 CHL 51-58
COL 92-98 BRA 74-85 CHL 85-97 BRA 54-61 NGA 98-06 CHL 79-84 CRI 51-59
DNK 72-78 CRI 97-03 COL 00-05 CHN 91-07 VEN 01-05 HKG 80-84 CRI 60-64
FRA 79-84 DNK 65-70 DNK 57-62 COL 51-57 VEN 62-79 KEN 92-00 CRI 79-84
HKG 93-01 DNK 84-92 ETH 00-05 COL 59-64 ZMB 91-02 GHA 91-97
JPN 97-02 MUS 95-00 ETH 91-99 COL 69-74 IDN 00-05
PHL 81-88 SGP 78-86 FRA 60-64 CRI 70-78 ITA 65-74

UKM 70-76 TUR 04-08 FRA 65-74 ESP 63-74 JPN 75-80
TWN 86-97 HKG 75-79 IDN 74-97 MUS 01-08
UKM 77-83 HKG 85-91 IND 61-66 MWI 91-03
UKM 94-02 ITA 52-56 IND 75-80 NLD 71-77

ITA 57-64 IND 81-90 PER 76-80
JPN 85-91 IND 93-05 PHL 72-79
NLD 63-69 JPN 56-74 SGP 99-04
NLD 80-85 KOR 64-93 SWE 92-00
NLD 93-00 KOR 94-04 TUR 98-03
PER 86-97 MEX 94-99 VEN 57-61
SGP 71-76 MYS 76-84 VEN 80-88
SGP 87-91 MYS 86-99 VEN 89-00

UKM 84-89 PER 61-66
USA 53-59 PER 70-75
ZAF 95-04 SEN 00-05

THA 61-80
THA 83-96
THA 99-05
TUR 91-97

TWN 64-82

9 12 23 28 6 5 20

procedure is called Two-step. Many of the countries in the sample experienced

several different subpatterns within the provided time span. Therefore similar-

ities in the order of the subpatterns were explored for each country. The final

Two-step SC patterns are then defined as ordered sequence of the identified

subpatterns.

The final SP combinations turned out to be exclusively variations from one

of the two main subpatterns, 3 and 4. If a country-period stayed with given

subpattern for at least 10 years, it is also treated as separate pattern (this is

the case for SP 3 and 4), i.e. in the same manner as if there were two conse-

quent country-periods with equal subpattern. Minimum number of sequences,

which are considered as separate TS pattern, is 4. Country-periods included in

subpatterns 5 and 6 did not show any similarity in sequencing and thus were

not included in any of these Two-step patterns.

In order to fully understand each pattern, the country-periods assigned to

each pattern are listed in Table 5.3. These countries displayed in different

periods gradually similar transformation of economy.
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Table 5.3: Country-periods assigned to individual patterns

4 to 4 3 to 3
SP4 SP4 SP4 SP4 SP3 SP3 SP3

CHN 91-07 FRA 60-64 65-74
COL 51-57 59-64 69-74 ITA 52-56 57-64 93-00
ESP 63-74 NLD 63-69 80-85
IDN 74-97 ZAF 95-04
IND 61-66 75-80 81-90 93-05
JPN 56-74 4 to 2

MYS 76-84 86-99 SP4 SP2
PER 61-66 70-75 BRA 54-61 62-69
THA 61-80 83-96 CRI 70-78 97-03

TWN 64-82 TUR 91-97 04-08
TWN 64-82 86-97

3 to 1
UK-DNK SP3 SP1

SP3 SP2 SP1 SP2 CHL 58-63 71-78
DNK 57-62 65-70 72-78 84-92 FRA 65-74 79-84

SP1 SP2 SP3 SP2 HKG 85-91 93-01
UKM 70-76 77-83 84-89 94-02 JPN 85-91 97-02

4 to 4

This pattern contains the largest number of country-periods. It represents the

classical development path of rising manufacturing at the expense of agricul-

ture. The process of this SC was either continuous as in the case of Japan

and Thailand, which experienced it for the duration of 18 and 19 years, re-

spectively, or with several breaks, where no significant structural change took

place, as in the case of Columbia or India, where the pattern occurred in 3 and

4 independent periods, respectively.

4 to 2

Starting again with the main subpattern 4, Brazil, Costa Rica, Taiwan and

Turkey experienced similar structural transformation in diverse periods from

1960s to year 2003. The initial period was accompanied by the typical devel-

opment process as mentioned above. However, the consequent period brought

growth in financial sector, which was compensated by moderate fall in personal

and government services and also in manufacturing.
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3 to 3

The second major subpattern, which was dominant within the sample, distin-

guishes itself by large drop in personal and government services and moderate

growth in financial sector, retail trade and constructions. It represents devel-

oped countries of Netherlands, Italy and France, which undertook this subpat-

tern repeatedly during the 1960s, 70s and 80s. In addition to that, South Africa

from 1995 shared this structural change with these three Western countries.

3 to 1

This pattern represents a pair of consequent subpatterns which go more or less

in opposing directions. The rapid fall in personal and government services as

well as moderate growth in construction and retail trade was offset by structural

transformation in reversed direction in the second period. This pattern includes

France and Chile from 1960s to mid-1980s and Hong Kong and Japan from the

late 1980s onwards.

UK-DNK

Even if Denmark and the United Kingdom did not experience exactly similar

order of their subpatterns (1, 2, 2, and 3), they were still considered as a

separate TS pattern. They share rocketing financial sector and more or less

declining manufacturing. Besides this, personal and government services were

falling, which was partially offset by their growth during subpattern 1.

5.4 Graphical Representation

Again as with the One-step procedure, proximity maps of all country-periods

with positive values only are presented with the correlations values gradually

raised to the 3rd and 5th power. The subpatterns are colorfully distinguished to

allow easier perception and are best visible in Figure 5.3, where the 5th power

accentuates the higher correlations.
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Figure 5.1: TS proximity map with nonnegative values
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Figure 5.2: TS proximity map with values raised to the 3rd power
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Figure 5.3: TS proximity map with values raised to the 5th power



Chapter 6

Growth Relevance of the Patterns

6.1 Economic Growth and OS Patterns

This section aims to compare the patterns derived in previous chapters with

the economic growth which accompanied them. It is important to see how the

patterns relate to economic development and what could be the implications

for promoting economic growth. The usual agriculture-manufacturing path

might not be the only one which leads to prosperity and thus using 9-sector

data could identify new paths which countries have embarked on their way to

enhance economic growth.

First and foremost, it needs to be noted that patterns derived in One-step

procedure are somewhat misleading when compared with GDP figures. Given

the fact that the dataset is strongly unbalanced with time spans ranging from

15 to 55 years, the reader is referred to Table A.1 when interpreting position of

individual countries. For example, even if Swedish economy is a model which

many developing countries would like to follow, its relatively low GDP growth

for entire 55 years period cannot be compared with huge GDP growth of some

of the East Asian Tigers, whose time spans include only the last two or three

decades of very intensive growth. Therefore relating country membership in a

OS pattern directly to GDP growth without considering its stage of development

would be rather precarious.

Yet in order to get a grasp of basic economic growth comparison for each of

the One-step patterns, regression of annual average GDP growth on dummies

for individual OS patterns was run. The control group is set of countries not

included in any of the patterns. The results are presented in Table 6.1. The only

significant variables at least on 10% signifiance level were dummies for B[R]IC



6. Growth Relevance of the Patterns 43

and East Asia patterns. These also coincide with the largest differential from

the average GDP growth of countries not associated with any of the patterns

(1.85 and 1.9, respectively). Since differences are used in this analysis, there is

no need to worry about fixed effects or other hassles which usually accompany

regression analysis of panel data.

Table 6.1: Regression of GDP growth on membership in a OS pattern

VARIABLES GDP g (se)
Major 0.896 (0.700)
Developed 0.279 (0.774)
B[R]IC 1.855* (0.949)
Western 0.0678 (0.926)
East Asia 1.904* (1.012)
Roman -0.353 (1.012)
British -1.205 (1.266)
Islands 0.317 (1.242)
Constant 3.723*** (0.509)

Observations 38
R-squared 0.269

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Even if the differences in coefficient sizes do not seem to be too large, they

are rather important given the exponential nature of this variable. This very

simple regression more or less confirms the stylized fact of positive correlation

between SC and economic growth in developing countries which focus on ad-

vancement of manufacturing. Besides B[R]IC and East Asia patterns, this is

mainly the case of the Major pattern. Even though the coefficient on Major

was not statistically significant even at 10% level, it was still the third in magni-

tude. To present the relationship more illustratively, the average GDP growth

was plotted across the individual One-step patterns in Figure 6.1

6.2 Economic Growth and TS Subpatterns

The OS patterns do not seem to be highly correlated with GDP growth. This is

most likely caused by the vaguely defined time spans which in many cases can

consist of several different direction of structural changes. Much more interest

should be devoted to similar description process applied to the subpatterns

derived in the Two-step procedure. Since these represent bounded country-
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Figure 6.1: Annual average GDP growth vs. OS Patterns

periods with clearly defined structural transformation, the direct relationship

between the subpattern membership and GDP growth over the given period is

much more evincible.

In order to compare the effects of membership in a subpattern to economic

growth, regression of annual average GDP growth on dummies for individual

subpatterns was run. The sample was increased by adding the country-periods

which did not fulfill the sufficient SC criterion defined in Equation 5.2 and were

excluded from the analysis in Chapter 5.1 These country-periods also serve as

a control group. This regression not only provides summary comparison for

the subpatterns, but also serves as a statistical test. The results in percents

are presented in Table 6.2. The coefficients of the dummy variables represent

the percentage differential from the average annual GDP growths of the control

group.

By far, the classical agriculture-manufacturing development path of SP 4

coincides with the largest GDP growth of 6% and the result is also statistically

significant as p-value is practically zero. Similar statistical end economic sig-

nificance is displayed by subpattern 3, which distinguishes itself by growth in

1The minimum number of years for every country-period was left to be 5.
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Table 6.2: Regression of GDP growth on membership in a subpattern

VARIABLES GDP g (se)
SP 1 -1.618** (0.678)
SP 2 1.217** (0.604)
SP 3 1.761*** (0.478)
SP 4 2.823*** (0.449)
SP 5 -0.0585 (0.807)
SP 6 -0.535 (0.875)
no pattern 0.220 (0.501)
Constant 3.264*** (0.282)

Observations 146
R-squared 0.335

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

all services besides personal and government ones, as these are sharply falling.

Very interesting is the negative effect of subpattern 1, which is associated with

1.6% lower growth when compared with the countries with low level of SC.

Significant growth in personal and government services and financial sector

and also marked fall in manufacturing and constructions does on average de-

crease the country’s economic performance. The last significant subpattern is

SP 2, which is accompanied by the GDP growth on average 1.1 pp higher than

the control group. Therefore rocketing financial sector with modest growth in

transportation can compensate for significant drop in manufacturing.

The most salient trend shared by all positive and significant subpatterns

is distinct fall in personal and government services. This is no surprise as

personal and government services are after agriculture the second sector with

the lowest labor productivity [McMillan & Rodrik (2011)] and countries which

either increase this productivity or move labor to the sectors with higher labor

productivity stimulate economic growth. In addition, growing financial and

transportation sector and falling agriculture are other common trends, each of

these, however, to quite different extents.

Each country-period’s average annual GDP growth is again plotted in the

graph (Figure 6.2) to allow more illustrative perception. The graph suggests

that it is possible to achieve substantial growth even with low level of structural

change. Therefore the level of SC might not be significantly correlated with

GDP growth. One possible explanation for this would be that the structural

transformation influences economic performance also with a time lag and the
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Figure 6.2: Annual average GDP growth vs. TS Subpatterns

above-average growth in the several periods with low structural change is a

result of such process.

6.3 Economic Growth and Individual Sectors

In order to capture the importance of individual economic sectors for economic

growth, simple regressions of average annual GDP growth (denoted GDPg) on

change in production shares were employed. These regressions were performed

individually for each economic sector and also only on the differences from the

entire time spans. The independent variables resemble the production share

differences from One-step procedure, therefore the regression was in the form

of first-differencing for two periods. Even if the first and the second period

was different for each country, using time average values brought meaningful

results.

The estimation results for all of the economic sectors can be found in Ta-

ble A.3 and graphical representation of these in Figure B.2. Besides agriculture

and manufacturing, the results were inconclusive and statistically insignificant.

The discovered relationships confirm the widely acknowledged development pat-

terns of importance of agriculture decline and manufacturing growth. The more
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Figure 6.3: GDP growth vs. change in share of agriculture

specific graphs with plotted individual countries are presented in Figure 6.3 and

Figure 6.4.

This strengthens the notion that the only universal regularity accompanying

economic development is the decline of agriculture and manufacturing growth.

All of the other development patterns are quite often contradictory to each

other and one needs to scrutinize the effects of growth in given sector separately

for each pattern. Even though falling personal and government services was

a common trend between the quickly developing countries, the data did not

confirm the premise of general relationship between fall in this sector and GDP

growth. In addition, the stylized fact of beneficial effects of expanding financial

sector was also not confirmed by this analysis.

It should be noted that these graphs are nothing new, because they can

be easily derived by employing World Bank (WB) data source on value added

decomposed into three sectors. Example of similar relationships can be found

in United Nations, Department of Economic and Social Affairs (2006). Yet

the figures still provide meaningful insight since they represent agriculture and

manufacturing alone, not in the aggregated form of three-sectors dataset.
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Figure 6.4: GDP growth vs. change in share of manufacturing

6.4 Economic Growth and Level of SC

The level of structural transformation country experienced also determines its

economic progress. However, this structural transformation needs to go in

growth-enhancing direction. This idea was behind all of the structural change

theories presented in Chapter 2. In order to test this basic notion, average

percentage GDP growth is regressed on SC for the entire time spans. Proxy

variable used for SC is first in linear case defined as sum of absolute values

of production shares differences (Equation 6.1). However, this criterion treats

large movement of economy towards one sector, which could be considered

as a significant structural change, equally to smaller fluctuations in several

sectors. Therefore square criterion was employed, which emphasizes larger SC

in only few sectors rather than mild SC in all sectors, defined as sum of squares

of production share differences (Equation 6.2). To account for the different

lengths of the time spans, figures from the normalized dataset are used.

SClin =
9∑

i=1

abs(∆si) (6.1)
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SCsq =
9∑

i=1

(∆si)
2 (6.2)

The results of the regression can be found in the first two columns of Ta-

ble 6.3. The magnitudes of the coefficient are not of such great importance as

is the positive sign and both statistical and economic significance. The point

of this estimation is not to explain the GDP growth nor prove any causal-

ity, but rather to establish relationship between structural transformation and

economic growth. This relationship is also visible in Figure 6.5 and Figure 6.6.

Table 6.3: Regressions of GDP growth on the level of SC

(1) (2) (3) (4) (5) (6)
linP sqP linP,ZMB sqP,ZMB linSP sqSP

VARIABLES GDPg GDPg GDPg GDPg GDPg GDPg

sc lin 1.562** 3.022*** 12.37***
(0.698) (0.674) (3.504)

sc sq 4.030** 8.397*** 168.9***
(1.823) (1.762) (53.304)

Constant 3.207*** 3.750*** 2.389*** 3.376*** 2.676*** 3.517***
(0.537) (0.346) (0.485) (0.291) (0.438) (0.254)

Observations 38 38 37 37 146 146
R-squared 0.122 0.120 0.365 0.394 0.080 0.102

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Unfortunately, our sample consists only of 38 countries and therefore is

rather vulnerable towards outliers. This is the case of Zambia, which expe-

rienced low GDP growth and very high structural change, which was mainly

driven by fall in mining (13.3 percentage points over 15 years). Zambia was

and still is critically dependent on performance of its copper mines. Following

the privatization of these mines in the early 1990s, the global prices of cop-

per fell by 20% and the international mining companies decided to withdraw

their investments from Zambia [Löfgren et al. (2002)]. This entailed economic

stagnation accompanied by large structural transformation, which is a unique

event in the sample. Therefore once Zambia is dropped, the data present much

clearer picture as can be seen in the third and fourth column of Table 6.3. The

regression coefficient for linear and square measure is 3 and 8.4, respectively,

with p-value practically equal to zero. The new linear fits were added also to



6. Growth Relevance of the Patterns 50

Figure 6.5: GDP growth vs. level of SC, linear measure

Figure 6.5 and Figure 6.6 and capture more precisely the relationship between

the GDP growth and level of structural change.

Similar analysis was applied to all the country-periods, which represent

more clearly defined structural transformation. To preserve consistency, even

the country-periods not included in the Two-step analysis due to low absolute

level of structural change were included in this regression. The production

share differences were now normalized by number 7, which is the new median

once the country-periods with low SC were added. The results can be seen in

the last two columns of Table 6.3. Importance is again drawn to the positive

sign and statistical significance, which marks the positive correlation between

structural change and economic growth.

These results could be tempting to interpret in a way that structural change

is accompanied by economic growth regardless of its direction. However, such

conclusion would ignore the fact that economy itself tends to move to better uti-

lization of resources. This means the economy is much more likely to experience

growth-enhancing structural change than growth-suffocating. Labor moves to

higher productivity sectors and other production factors are concentrated as to

maximally increase the overall productivity. In addition, governments inten-
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Figure 6.6: GDP growth vs. level of SC, square measure

tionally push economies in the ‘right’ direction. Therefore also vast majority of

countries in our sample benefited from the SC since they undertook the stan-

dard agriculture-manufacturing development process, and the outcomes of the

regression need to be explained with caution.

In order to tackle this problem and differentiate the effects of level of SC, the

direction of SC is included in the analysis. Regression is run on GDP growth

and interaction terms between the two levels of SC with the set of dummies for

individual TS subpatterns. The dummies for the subpatterns are also included

so as to capture only the effect of level of SC in given direction. These results

should be more comprehensible and easier to interpret since they show whether

the countries with faster structural transformation also experienced faster eco-

nomic growth within individual patterns. The two estimated equations are

Equation 6.3 and Equation 6.4. Results of these are presented in Table 6.4.

GDPg = β0 +
6∑

i=1

βiSPi +
6∑

i=1

βiSPi · SClin (6.3)
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GDPg = β0 +
6∑

i=1

βiSPi +
6∑

i=1

βiSPi · SCsq (6.4)

The relationship depends heavily on whether linear or square measure is

used. For the linear measure, the three statistically significant interaction terms

are those connected to subpatterns 2, 4 and 6 and all of these are positive. It sig-

nalizes that higher level of structural change enhances economic performance,

i.e. the deeper the structural change is, the more benefit it brings to the econ-

omy. This is especially interesting in the case of SP 6, which on its own (dummy

variable only) displays very significant negative influence on GDP growth. For

the square measure, the only significant interaction terms are SP 4 (on 10%

level) and SP 6 (on 5% level). Subpattern 3, which is on its own related to

better economic performance, is not influenced by the scope of transformation.

It is sufficient that country is heading in this direction and the depth of the

change is not that relevant.
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Table 6.4: Regressions of GDP growth on interaction terms between
the level of SC and subpatterns

Linear measure Square measure
VARIABLES GDP g GDP g

SP1 -4.606 -2.223
(4.933) (2.563)

SP2 -5.412* -0.610
(2.861) (1.325)

SP3 0.450 1.345**
(1.066) (0.555)

SP4 0.0860 1.561**
(1.307) (0.738)

SP5 0.613 -1.210
(2.781) (1.680)

SP6 -11.48*** -5.811**
(4.152) (2.236)

SP1*SClin/sq 25.86 213.9
(43.37) (992.5)

SP2*SClin/sq 56.51** 545.3
(24.18) (371.8)

SP3*SClin/sq 9.776 81.16
(7.683) (80.10)

SP4*SClin/sq 19.09** 267.0*
(8.907) (137.7)

SP5*SClin/sq -3.812 114.6
(13.77) (158.4)

SP6*SClin/sq 85.14*** 1,260**
(31.88) (502.0)

Constant 3.334*** 3.334***
(0.222) (0.226)

Observations 146 146
R-squared 0.418 0.397

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1



Chapter 7

Conclusion

This thesis commenced with a short introduction of the importance of structural

transformation for economic development and continued with short summary

of structural change theories, represented mainly by the work of Chenery (1960)

and Kuznets (1971). More recent foundations for the thesis present McMillan

& Rodrik (2011), whose data were used for the analysis of the structural change

patterns.

After theoretical discussion about the necessity of existence of several dis-

tinct development patterns, these were identified using a method based on cor-

relations between the changes in production shares of individual economic sec-

tors. This method was first applied across the entire time spans provided by the

data. Relying on the assumption of constant rate of structural transformation,

this One-step procedure resulted in eight different structural change patterns.

The most prominent patterns identified represented the classical agriculture-

manufacturing development path. However, using the 9 sectors dataset enabled

to pin down the differences in development of financial or transportation sector

and personal and government services. These patterns were then plotted on

the proximity maps, which allow more complex perception of position of the

individual countries. It should be noted that until larger weights were given

to stronger correlations, the original proximity map resembled more of a vague

cloud than clear-cut clusters representing individual patterns.

While relaxing on the assumption of constant rate of structural change and

also allowing for different time specification, individual country-periods were

extracted from the dataset representing specific significant structural transfor-

mations. Applying again the correlation method, six subpatterns were identi-

fied. Besides describing these subpatterns, the Two-step patterns were defined
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as ordered sequence of the subpatterns. The five identified Two-step patterns

could be finally described in terms of their direction, time occurrence and also

rate of transformation. More importantly, these subpatterns represent bounded

country-periods with clearly defined structural change and so the movement in

other sectors than agriculture and manufacturing could be underpinned, since

these two dominated the One-step procedure and hid interesting movements

in the other sectors. In addition, any consequent direct comparisons with eco-

nomic growth would be standing on much solider ground.

Overall, the geographical regions played only partial role in determining the

direction of structural change. Even though East Asian economies clustered to-

gether, they were complemented by many economies from Latin America. In

similar manner, developed economies were also amended by Latin American

countries and quite surprisingly Ethiopia. Even though it is the second poorest

country in the sample, it still displayed fast fall in personal and government

services compensated by growth in basically all other services, similar trans-

formation as the more developed countries. However, such movement (if the

data are correct, which could be a question in case of Ethiopia) most likely

slowed down the economic progress given its early stage of development. Be-

sides Ethiopia, African countries showed very few similarities with other coun-

tries or between each other. This was result mainly of low level of structural

change, which not only made them difficult to compare given the vulnerability

to small fluctuations, but also disqualified them from the analysis in case of the

period-based approach.

Last but not least, relevance of the identified patterns for economic growth

was scrutinized and also stylized facts presented in Chapter 2 were taken under

consideration. The omnipresent decline of agriculture and growth in manufac-

turing was the only general rule accompanying economic development. Even

though many growth-enhancing patterns displayed large increases in finance,

growing financial sector was not determined as a uniform development pattern.

The comparison with GDP growth was then carried out for the identified pat-

terns and subpatterns. It was especially valuable while comparing the more

specific subpatterns, which unveil specific structural transformations within

the development process. Besides the classical agriculture-manufacturing path,

above-average economic performance was for individual subpatterns also asso-

ciated with growth in financial and transportation sectors and fall in personal

and government services. Three of the six subpatterns were proven to be sig-

nificantly related to higher GDP growth and basically each member of the
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pattern displayed large economic growth in the scrutinized period. On the

contrary, one of the subpatterns, which mainly distinguished itself by growth

in personal and government services, was associated with lower than average

economic growth. In the end, the importance of structural transformation was

proved by regressing the level of structural change on GDP growth for both OS

patterns and subpatterns from Chapter 5. Once the direction of the structural

change was included in the analysis, the economic and statistical significance of

speed of transformation varied across the subpatterns. Nevertheless for several

of them, not only the direction of the structural change, but also the scope of

the transformation matters. It should be also noted that countries can grow

even though they did not experience any significant transformation in the given

period. One possible explanation for this is that the effects of structural change

impact the economies with a time lag.

This thesis does not claim to identify every possible development pattern.

First, data are missing for several important geographical regions (CIS, CEE

countries, Middle East and Northern Africa or Australia and Oceania). Sec-

ond, the sample is strongly unbalanced. Third, the correctness of the data

from developing countries could be questioned since government-provided la-

bor productivity figures could be unreliable and employment figures come from

sometimes inconsistent household surveys.

In conclusion, it needs to be noted that this thesis is rather descriptive and

does not aspire to nail down the determinants of structural change. However,

the pattern identification would be the first step in such analysis. Once the

direction of structural change is clear, it would be possible to look for the causes

of such movement. What are the determinants of structural change? Every

significant pattern has most likely its own specific determinants which steer

the economy in given direction. Are these determinants spontaneous or rather

a result of domestic or external economic policy? Structural change is most

likely not an automatic process. It needs to managed and pushed in the correct

direction to magnify its benefits. But economy itself is driven by endogenous

forces in certain way. Therefore having determined the patterns of structural

change, the research can now follow up specifically on the determinants and

also the outcomes of these patterns.
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Appendix A

Additional tables

Table A.1: Country summary

Country Abbr Region Start End Duration GDP (bil.) GDP per capita

Argentine ARG Latin America 1950 2005 55 368.736 9124.34
Bolivia BOL Latin America 1950 2005 55 19.650 1978.85
Brazil BRA Latin America 1950 2005 55 2087.890 10710.07
Chile CHL Latin America 1950 2005 55 212.741 12431.03

China CHN Asia 1990 2007 17 5926.612 4428.46
Columbia COL Latin America 1950 2005 55 288.189 6225.08

Costa Rica CRI Latin America 1950 2005 55 35.831 7690.99
Denmark DNK High income 1948 2005 57 309.866 55890.68
Ethiopia ETH Africa 1990 2005 15 29.717 358.25

France FRA High income 1950 2005 55 2560.002 39459.55
Ghana GHA Africa 1990 2005 15 31.306 1283.46

Hong Kong HKG Asia 1974 2005 31 224.458 31757.81
India IND Asia 1960 2005 45 1727.111 1474.98

Indonesia IDN Asia 1971 2005 34 706.558 2945.58
Italy ITA High income 1951 2005 54 2051.412 33916.88

Japan JPN High income 1953 2005 52 5458.837 42831.05
Kenya KEN Africa 1990 2006 16 31.409 775.28

Malawi MWI Africa 1990 2005 15 5.106 342.68
Malaysia MYS Asia 1975 2005 30 237.797 8372.83

Mauritius MUS Africa 1990 2008 18 9.729 7593.37
Mexico MEX Latin America 1950 2005 55 1034.804 9123.41

Netherlands NLD High income 1950 2005 55 779.356 46914.66
Nigeria NGA Africa 1983 2007 24 193.669 1222.48

Peru PER Latin America 1960 2005 45 157.053 5401.37
Philippines PHL Asia 1971 2005 34 199.589 2140.12

Senegal SEN Africa 1990 2005 15 12.954 1041.85
Singapore SGP Asia 1970 2005 35 208.765 41122.19

South Africa ZAF Africa 1990 2009 19 363.704 7275.34
South Korea KOR Asia 1963 2005 42 1014.483 20756.69

Spain ESP High income 1950 2005 55 1407.405 30541.61
Sweden SWE High income 1950 2005 55 458.973 48935.67
Taiwan TWN Asia 1963 2005 42 429.845 18558.09

Thailand THA Asia 1960 2005 45 318.522 4608.10
Turkey TUR Asia 1988 2009 21 734.364 10094.03

United Kingdon UKM Europe 1948 2005 57 2248.831 36143.94
Unites States USA High income 1950 2005 55 14586.736 47198.50

Venezuela VEN Latin America 1950 2005 55 391.847 13589.77
Zambia ZMB Africa 1990 2005 15 16.193 1252.70

The GDP and GDP per capita values were extracted from World Bank (2012) with the exception of Taiwan,
which is not included in this database. Therefore the values for Taiwan were supplemented by International
Monetary Fund (2011) data. All of the data are for the year 2010 and are listed in US dollars.



A. Additional tables II

Table A.2: Production shares in the beginning and at the end of time
spans

country year Agri Min Man PU Con WRT TSC FIRE CSPSGS

ARG 1950 7.82% 0.45% 23.15% 0.75% 8.69% 20.60% 6.41% 4.58% 27.56%

ARG 2005 7.12% 2.08% 20.75% 3.53% 7.24% 18.92% 11.98% 4.91% 23.47%

BOL 1950 22.49% 25.02% 16.57% 0.58% 1.77% 10.62% 2.97% 3.87% 16.11%

BOL 2005 16.70% 10.53% 18.43% 2.27% 3.04% 12.74% 12.42% 8.46% 15.40%

BRA 1950 18.20% 0.74% 22.36% 2.73% 8.21% 10.40% 3.02% 13.52% 20.81%

BRA 2005 8.48% 2.77% 22.16% 3.23% 7.55% 6.93% 5.39% 17.26% 26.22%

CHL 1950 8.78% 9.11% 15.06% 1.50% 11.35% 9.95% 3.93% 7.62% 32.70%

CHL 2005 6.89% 8.72% 18.47% 3.42% 9.51% 12.87% 9.45% 14.77% 15.90%

COL 1950 30.47% 4.00% 15.21% 1.11% 5.87% 15.42% 5.53% 3.48% 18.91%

COL 2005 14.89% 5.26% 16.71% 3.36% 6.37% 13.22% 9.25% 9.72% 21.22%

CRI 1950 25.99% 0.09% 16.15% 1.33% 5.39% 21.71% 3.48% 5.94% 19.91%

CRI 2005 10.59% 0.10% 25.94% 3.23% 4.06% 18.75% 15.15% 9.05% 13.14%

HKG 1974 1.90% 0.05% 8.08% 1.18% 5.28% 20.63% 12.83% 24.61% 25.44%

HKG 2005 0.06% 0.01% 3.46% 2.81% 3.21% 30.24% 11.27% 30.89% 18.04%

IDN 1971 34.27% 23.62% 8.81% 0.12% 2.83% 14.68% 2.99% 1.81% 10.87%

IDN 2005 14.65% 9.37% 28.31% 0.67% 5.95% 16.95% 6.30% 8.58% 9.21%

IND 1960 55.55% 1.77% 11.51% 0.59% 5.15% 11.05% 4.15% 1.53% 8.71%

IND 2005 20.57% 2.24% 18.14% 2.28% 5.97% 17.49% 11.04% 8.37% 13.89%

FRA 1950 7.27% 1.10% 14.14% 0.56% 8.80% 11.06% 3.43% 20.24% 33.41%

FRA 2005 2.98% 0.12% 16.56% 2.31% 4.83% 12.71% 8.35% 29.48% 22.66%

KOR 1963 32.47% 2.03% 6.19% 0.17% 3.70% 10.12% 2.36% 6.45% 36.52%

KOR 2005 5.00% 0.27% 41.40% 3.27% 9.07% 12.59% 12.14% 2.83% 13.43%

MEX 1950 17.51% 1.96% 15.35% 0.46% 4.49% 24.73% 7.85% 2.11% 25.53%

MEX 2005 6.01% 1.45% 21.57% 1.96% 4.70% 24.03% 14.71% 4.83% 20.74%

MYS 1975 27.63% 13.00% 16.26% 2.06% 4.20% 12.28% 5.08% 5.81% 13.67%

MYS 2005 7.85% 6.37% 29.97% 3.95% 2.59% 13.98% 8.42% 14.39% 12.48%

PER 1960 14.28% 9.18% 16.56% 0.73% 3.64% 22.29% 6.40% 6.92% 20.01%

PER 2005 10.18% 7.50% 17.42% 2.39% 5.59% 20.30% 9.19% 10.50% 16.93%

PHL 1971 28.98% 1.82% 29.18% 1.69% 4.59% 13.91% 4.50% 4.03% 11.31%

PHL 2005 20.10% 1.76% 25.63% 3.30% 4.48% 17.88% 9.17% 5.75% 11.93%

SGP 1970 1.85% 0.29% 25.15% 1.74% 8.84% 20.71% 6.24% 16.85% 18.33%

SGP 2005 0.09% 0.01% 27.72% 1.62% 3.58% 18.71% 12.48% 24.71% 11.07%

THA 1960 35.93% 0.63% 14.23% 0.27% 4.80% 22.67% 8.45% 1.45% 11.58%

THA 2005 10.48% 2.41% 39.27% 3.55% 2.70% 17.12% 10.63% 3.29% 10.57%

TWN 1963 20.65% 7.38% 14.05% 1.13% 3.32% 6.33% 5.82% 6.02% 35.30%

TWN 2005 1.60% 0.26% 28.03% 2.12% 2.32% 20.78% 7.42% 12.49% 24.96%

NLD 1950 3.44% 1.50% 11.87% 0.89% 9.91% 16.42% 5.20% 8.41% 42.36%

NLD 2005 2.99% 2.00% 16.18% 1.57% 4.46% 16.53% 9.40% 25.69% 21.17%

VEN 1950 4.78% 49.46% 8.20% 0.10% 8.83% 11.90% 4.72% 1.96% 10.06%

VEN 2005 5.63% 21.08% 20.80% 2.37% 4.67% 13.20% 8.76% 5.44% 18.06%

ITA 1951 7.36% 0.28% 12.19% 1.73% 8.44% 11.53% 3.58% 22.41% 32.49%

ITA 2005 3.15% 0.46% 18.54% 2.15% 5.67% 16.96% 8.87% 24.00% 20.20%

DNK 1948 4.33% 0.59% 20.49% 0.48% 6.34% 13.13% 9.73% 13.07% 31.85%

DNK 2005 3.20% 1.39% 14.07% 2.03% 4.59% 15.55% 9.56% 24.60% 25.02%

SWE 1950 9.29% 0.49% 17.74% 1.10% 7.05% 12.19% 5.65% 20.30% 26.20%

SWE 2005 2.32% 0.23% 28.49% 2.47% 3.62% 13.81% 7.75% 22.31% 18.99%

ESP 1950 12.64% 0.63% 11.50% 0.72% 6.98% 22.81% 3.30% 16.00% 25.42%

ESP 2005 4.12% 0.30% 17.80% 2.97% 9.15% 17.30% 7.76% 19.86% 20.74%

JPN 1953 17.63% 0.59% 11.48% 1.40% 10.69% 3.70% 4.91% 2.49% 47.10%

JPN 2005 1.66% 0.11% 24.94% 2.95% 6.36% 14.03% 7.78% 6.45% 35.72%

Continued on next page



A. Additional tables III

Table A.2 – continued from previous page

country year Agri Min Man PU Con WRT TSC FIRE CSPSGS

UKM 1948 1.82% 7.78% 23.12% 1.02% 6.29% 14.28% 5.92% 14.22% 25.55%

UKM 2005 1.50% 1.33% 16.43% 2.21% 4.91% 14.79% 10.59% 28.17% 20.07%

USA 1950 2.91% 2.01% 17.79% 1.27% 8.53% 11.98% 5.57% 17.48% 32.45%

USA 2005 1.46% 0.64% 17.33% 2.05% 3.42% 17.06% 6.68% 30.23% 21.13%

CHN 1990 28.73% 2.59% 24.34% 1.43% 5.40% 11.01% 5.77% 10.31% 10.41%

CHN 2007 10.56% 5.28% 34.28% 3.77% 5.62% 9.84% 5.88% 10.64% 14.14%

TUR 1988 17.37% 1.28% 22.08% 1.35% 7.18% 15.74% 9.96% 13.76% 11.27%

TUR 2009 10.66% 0.83% 24.65% 2.22% 5.53% 15.10% 15.25% 16.75% 9.02%

ETH 1990 45.94% 0.42% 4.73% 1.95% 3.19% 11.89% 3.83% 6.12% 21.93%

ETH 2005 46.69% 0.42% 5.12% 2.10% 5.67% 14.74% 5.71% 9.96% 9.59%

GHA 1990 43.64% 1.16% 8.96% 1.16% 2.60% 13.87% 5.20% 8.96% 14.45%

GHA 2005 39.43% 5.66% 9.82% 2.83% 9.32% 7.99% 5.49% 4.83% 14.64%

MWI 1990 24.42% 0.45% 16.81% 1.57% 2.13% 26.71% 4.90% 6.60% 16.40%

MWI 2005 31.07% 1.29% 8.74% 1.72% 4.46% 17.40% 6.41% 12.82% 16.09%

NGA 1983 31.79% 32.96% 5.82% 0.69% 3.17% 16.03% 3.15% 4.43% 1.96%

NGA 2007 42.01% 19.89% 4.03% 3.49% 1.72% 16.61% 5.07% 5.52% 1.66%

ZAF 1990 3.36% 10.55% 20.25% 2.32% 2.98% 13.01% 6.57% 16.44% 24.53%

ZAF 2009 2.46% 5.80% 16.65% 2.22% 3.60% 13.38% 10.20% 23.92% 21.77%

SEN 1990 19.01% 1.43% 15.64% 2.08% 2.49% 21.37% 7.89% 12.37% 17.72%

SEN 2005 15.25% 1.39% 15.63% 2.77% 4.82% 20.22% 10.63% 14.76% 14.53%

ZMB 1990 11.54% 22.00% 21.39% 0.90% 3.95% 11.84% 6.54% 12.98% 8.86%

ZMB 2005 15.73% 8.65% 11.43% 2.68% 7.87% 22.19% 6.43% 17.65% 7.38%

MUS 1990 13.48% 0.25% 25.56% 1.59% 6.99% 17.74% 10.92% 7.77% 15.70%

MUS 2008 5.66% 0.05% 19.44% 2.12% 7.76% 18.36% 17.00% 13.71% 15.89%

KEN 1990 29.87% 0.26% 13.06% 1.59% 4.85% 10.87% 5.83% 15.44% 18.24%

KEN 2006 29.24% 0.50% 11.22% 2.51% 3.42% 12.30% 12.30% 10.41% 18.09%



A. Additional tables IV

Table A.3: Regressions of GDP growth on changes in production
shares for each sector

(1) (2) (3) (4) (5) (6) (7) (8) (9)
agr min man pu con wrt tsc fire cspsgs

VARIABLES GDPg GDPg GDPg GDPg GDPg GDPg GDPg GDPg GDPg

Agri -10.55***
(2.232)

Min 4.156
(4.270)

Man 11.04***
(2.325)

PU 43.11
(31.05)

Con 2.820
(9.628)

WRT 1.502
(5.782)

TSC 1.025
(9.683)

FIRE -7.352
(5.887)

CSPSGS -1.552
(4.011)

Constant 3.469*** 4.374*** 3.815*** 3.647*** 4.279*** 4.246*** 4.224*** 4.612*** 4.192***
(0.272) (0.292) (0.234) (0.518) (0.277) (0.282) (0.465) (0.386) (0.330)

Observations 38 38 38 38 38 38 38 38 38
R-squared 0.383 0.026 0.385 0.051 0.002 0.002 0.000 0.042 0.004

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Figure B.1: One-step procedure correlation matrix
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Figure B.2: Relationship between GDP growth and change in produc-
tion shares for individual sectors
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