Faculty of Business Economics and Entrepreneurship International Review (2016 No.1-2) 59

ORIGINAL RESEARCH PAPER

SNOWFLAKE MODEL OF REGIONAL
COMPETITIVENESS - EVIDENCE FROM
SERBIA'™?

Darko Vukovic’3, Dusan Markovic’, Azra Hanic'’

Abstract

The competitiveness of the region is ability to be productive and maintain a high
standard of living. In this paper, we have created Snowflake model of regional
competitiveness considering not only economic and social factors, but also infrastructure,
innovations, geo-natural variables, institutional factors, culture and tourism. This model can
be applied in any country or group of countries. The model shows the competitiveness of the
region in three ways: 1) quantitatively - by the index of regional competitiveness, 2) ranking
the region compared to other regions and 3) it possesses visual characteristic - represents
snowflake of competitiveness. As part of our analysis, we measured the regions of Serbia.
The reason is that Serbia has the largest regional differences in Europe, which was an
additional motive to test the model.
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Introduction

While the Adam Smith presented a Theory of Absolute advantage in his book An Inquiry
into the Nature and Causes of The Wealth of Nations (1776) which explains the benefits of
international trade and represents one of the earliest theories of the concept of
competitiveness, it passed almost 200 years when appeared papers in the scientific literature
that analyze regional competitiveness. Regional competitiveness becomes an object of
scientific literature since the 1990s, primarily connected with the names of Michael Porter
(1990) and Paul Krugman (1991a, 1991b, 1994).

Scientific confrontation of these two authors and their opposite opinions have influenced on
the evolving ideas of regional competitiveness. Since then, many authors have analyzed this issue
(Cho 1994; Rugman et al. 1998; European Commission 1999; Dunning et al. 1998; Huggins 2003;
Martin 2004; Kitson et al. 2004; de Vet et al. 2004; Lengyel 2004; Cho — Moon 2000; Kitson et al.
2008; Snieska and Bruneckiené 2009). But, after more than two decades, two key issues are still
discussed: “What is regional competitiveness? How to measure regional competitiveness?” 1SSUes
are not simple. Moreover, it turned out that there is no unanimity on this issues.

Each author has its own definition which is similar in nature, but represents different
methodologies or viewing angle of competitiveness. Addition to this, the definitions of this concept
are also differing according to the level of measurement of competitiveness. The level at which the
competition is defined is the most important aspect of this concept (Annoni,Kozovska 2010; Kitson
et al. 2004). Therefore, competitiveness is defined on the macro level (OECD 1992, European
Commision 2003; Schwab,Porter 2007), micro level (IMD 2000, 2004; Krugman 1996; Powvell
2001;Martin et al. 2006), and from The Sixth Periodic Report (European Commission 1999) appears
most definitions of competitiveness at the regional level (European Commision 2003; Huggins
2003; Gardiner et al. 2004; Kitson et al. 2004; Bristow, 2005; Meyer, Stamer 2008; Annoni,
Kozovska 2010; Vukovic,Wei 2010; Vukovic et. al. 2012).

In this paper we define the competitiveness of the region as ability to be productive and
maintain a high standard of living. If we even say that there is a relative consensus about the
definition of regional competitiveness, the differences in the opinions of the authors are resulted
from the differences in creating a model of regional competitiveness, on one side and/or different
selections of factors or drivers of competitiveness, on the other side. Regardless of whether
observed regional output as the final result of the measurement of competitiveness (Martin, 2005)
or competitiveness is expressed as productivity (Krugman, 1994), almost all models of regional
competitiveness are based on the measurement of certain factors.

However, no matter what kind of form has a model of regional competitiveness, studies
have shown the following: a) competitiveness cannot be based on measuring only the
economic and social factors, it has to be approached with multifactorial measuring (Lengyel,
2003; Kitson et al., 2004; de Vet et al., 2004; Huggins, 2005; Snieska, Bruneckiené, 2009)
and b) the creation of a composite index provides the most accurate measurement
(Freudenberg, 2003; Wignaraja et al., 2004; IMD, 2004; Giovannini et al., 2005; Saisana et
al., 2005; Huggins, 2005; Snie$ka,Bruneckiené, 2009). Due to the variety of factors, the
process of measuring of regional competitiveness is complex and the term competitiveness
becomes a difficult and confusing (Snieska,Bruneckiené 2009).

The purpose of this paper is to create a model of regional competitiveness which will
include, analyze and measure a number of different of factors, which can determine the
competitiveness of certain regions.
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The Model

Snowflake model assumes that each region builds its competitive position on the basis
of factors which have a competitive advantage. Compared to the most of the models, which
are based on economic and social factors, this model includes both formal and informal
institutions, infrastructure, innovation, and geographic location. Each of these factors
depends on the specific groups of indicators, which may be visually presented in the form of
crystals of snowflakes. Snowflakes model comprises the following stages:

1

In the first phase the main factors of regional competitiveness are determined.
The model refers only to those factors that have a regional influence. The factors that are
characteristic for the national level are not included in the model. For example, macro-
economic factors do not affect the inter-regional competition at NUTS 2 or NUTS 3 level.
However, when it comes to the region at the level NUTS 1(which can be applied even to
the whole country), then it can take into account national factors. The model is based on
eight factors: the economic factor, the social factor, infrastructure, innovations, the human
factor, geo-natural factor, informal institutions and the property rights protection, culture
and tourism.The model estimates the ability of the region to use the factors of
competitiveness in order to build its competitive position among other regions. The
number of factors affects the complexity of the model, based on which it provides a
measurement of all aspects of regional competitiveness. In this way, the problem of
measurements of only economic or social factors is overcome. However, a limitation of
this model is exactly the natural structure of the snowflake which has eight points. The
model could not have seven or nine factors, because there wouldn’t have a form of
snowflake. Therefore, the informal institutions and the protection of property rights are
presented in framework of the same factor. However, due to their nature and the
connections this restriction is not large. The same is true for the factor of culture and
tourism.

The second stage refers to the determination of indicators that influence the factors of
regional competitiveness and their values. At this stage the key decision is made: Which
indicators determining factors of regional competitiveness? All factors of the model are
identical for all regions of different countries, but selection of same of indicators for
these factors is often not possible. Due to historical and socio-political differences as
well as differences in the organization and the priorities of the statistical services of
different countries, some indicators are not measured or can be measured by indicators
which are similar to those from Snowflake model. Bearing this in mind, the selection of
indicators is a complex and difficult task since it requires the selection of substitutes (if
there is no data for a particular indicator). If unrepresentative indicators are selected for
a specific factor, its measurement may provide misleading information about the
competitiveness of the region. This phase represents the qualitative part of development
of the model, because it includes a selection of 78 indicators and sub-indicators.
Specifically, factors of the regional competitiveness are showed by forty-eight indicators
where some of these indicators are disaggregated at thirty sub-indicators (Table 1). In
this way, the accuracy of measurement of individual indicators has increased. In contrast
to many other models of regional competitiveness that measure only indicators (without
their decomposition), the previous feature makes Snowflake model very rare (sub-
indicator model). The purpose of measurement sub-indicators is the fact of quality of
presentation of specific variables.
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Table 1: Factors, indicators and sub-indicators of Snowflake model of regional

competitiveness
Factors Indicators and sub-indicators
GDP
Financial The number of companies with net profit
performance

The economic factor

(Refers to the economic strength of the region. This
factor includes the manufacturing, investment and
financial performance of the region, as well as the ability
of the region to employ citizens and provide adequate
wages)

The number of companies with a net loss

Entrepreneurship Number of companies
Number of entrepreneurs
Insolvency of companies exceed 180 days

The spread of clusters

Employment The number of employees

The number of employees in the economy

The average net wage

Investments in
capital

Investments in capital assets

Capital

The social factor

(This factor right shows the ability of the region to
provide social and health care to its citizens, as well as
living space. The social factor also includes the negative
impact of corruption, which reduces the quality of life in
the region)

Number of flats and houses

The value of residential building

Corruption | The prevalence of corruption
| Average bribe in RSD(Republic Serbia Dinar)

Investments in health and social care

Budget expenditure in health and social care

The number of The number of doctors and dentists
medical The number of pharmacists
personnel

The infrastructure factor

(The quality of infrastructure affects not only the quality
of life of citizens, but also on the adoption of many
investment decisions. This factor includes the most vital
parts of infrastructure, measuring the quality of roads,
railways, air transport and electric power infrastructure)

Length of the roads

Investments in fuels
Investment in transportation and storing
Investment in informations and
communications

Investments in
infrastructure

A modern road surface

The quality of railways

Connectivity of air transport with foreign countries

The quality of electricity network

The factor of innovations
(Innovations are the most important driver of
competitiveness in modern economies and their regions
and crucial in innovation driven economies. The use of
modern technology and the adoption of new knowledge
increased productivity and strengthens the competitive
position of the region)

The total number of research papers

Research & The number of organizations engaged in R &
Development D

Number of employees in R & D
Expenditures for R & D

Investment in innovations

The number of registered patents

Published research papers

The use of modern technology

The human factor
(The quality of human capital depends largely on the age
structure of the population and the quality of education.
Those regions that have the highest percentage of the
working-age population and highly educated people are
able to achieve higher productivity and gain a
competitive advantage over other regions)

The population of working age (15-64)

Highly-educated population

Budgetary expenditures in education

Investments in education

Quality of education in schools

The quality of studies at universities

The geo-natural factor

(The utilization of this factor depends from the size of
the territory, climate benefits, the availability of natural
resources and its position)

Land area (km?)

The forest area (km?)

The agricultural land (xm?)

Geo-climatic Advantages of the geographic location
advantages Climate benignity
Waste Hazardous waste

Total discharged wastewater

Water supply Total water supply
Investments in water supply and waste

management

Informal institutions and the property rights protection
factor

Confidence Confidence in politicians

Confidence in business institutions
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(Informal institutions are ,,soft* factors which in most
cases can not be measured quantitatively. In some
regions this could be a key factor in their development.
Protection of property rights is very important for all
business entities in the investment decision-making)

The quality of government services

The safety of property rights

The share of the gray economy in business activities

Judicial independence

The attractiveness of the business environment

The culture and tourism factor
(The touristic potential of the region can have a great
influence on its competitiveness. The tertiary sector in

The number of cinemas

The number of theaters

The number of libraries

many regions is the basis of their economic activity.
Culture does not have a major impact on the economic
position of the region, but affects the satisfaction of
many people residing in that territory)

Issued publications

Expenditures for the arts and recreation

Tourism The number of tourists
Total tourist overnight stays

1. Indicators and sub-indicators of regional competitiveness are measured in the
third phase. They are different in their nature and structure, which is the reason
why their measurement requires the use of different units of measure. On the
one hand, the complexity of the measurement of indicators is an advantage of
this model, since it encompasses a large number of different indicators that
affect the competitiveness of the region. On the other hand, violates the
principle of simplicity and creates more possibilities for incorrect estimates or
calculations, which can be expressed as the limitation of the Model.

2. Inthe fourth phase, composite index of regional competitiveness is created and
calculated. The index measures 8 factors, constituting of 78 indicators and sub-
indicators (Figure 1). All measured factors and their indicators can be ranked.
The sum of the values of all factors creates the index of regional
competitiveness. Each factor has six of indicators, which in the aggregate
provide the value of measured factor. For more precise measurements, certain
indicators are decomposed into sub-indicators. The numbers of sub-indicators
are not the same for all indicators. Some of indicators and sub-indicators are
shown as negative value (the share of the gray economy in business activities
and the number of companies with a net loss), because increase in their value
reduces regional competitiveness. The expression of regional competitiveness
can be represented as:

Index of regional competitiveness = The economic factor + The social factor +
The infrastructure factor + The factor of innovations + The human factor + The geo-natural
factor + Informal institutions and the property rights protection factor + The culture and
tourism factor
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Figure 1: Factors and indicators of Snowflake model of regional competitiveness

Notes: Index of regional competitiveness is marked in bold letter, the factors are
highlighted in blue, sub-indicators in italic letter and indicators and sub-indicators which
are measured by survey are highlighted in red.
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Sub index of regional competitiveness can be expressed as:

X =[("/x) = (P/p)] x 100

Where X; is the index value for a particular region, x; is the value of indicator in the
region, X is the value of indicator for the country, p; is population in particular region and P
is total population in the country.

The obtained values of sub index of certain indicators appreciate the differences in the
population of each region. In this manner, the differences are easily expressed in the region
in relation to the level of the territory, as well as the differences between the obtained values
of the various regions. The purpose of this sub-index is to shows the strength of each region.
However, the sub index has the biggest disadvantage because aggregates “apples and
oranges”. Since sub index favoring those indicators which have the highest standard
deviation and decreases the significance of those indicators which have a lower standard
deviation, it is necessary to divide the term with standard deviations of each indicator. In
addition, all indicators have the same significance and cannot express the qualitative side of
the measured sub index. Index can be expressed as (Huovari et al. 2001):

Sub index + § = X;+ & = [("1/y) + (P1/p)] x 100 + &

Wherein § represents the standard deviation of X; indicator. To avoid the problem of
overestimates of index or even its underestimates, the index is necessary to multiply by 100
(even 1000), or in some cases divide it with the same amount, in order to obtain the value
with same number of decimal. Another disadvantage of standardized index that Model solves
is equalization of factor’s strength in regional competitiveness. It would be wrong to equate
the strength of indicators GDP and the number of theaters or employment and the number of
pharmacists in a region. The method is very complex, since it gives the author possibility to
estimate value of the index. On the other side, provides the most correct measurement of
indicators, because avoids a trap of “same importance” of factors. It is important to note that
the countries and regions are distinguished by their natural and social characteristics so values
of the same indicators do not have the same importance.

In the last phase, index of regional competitiveness is analyzed.

III

vV

\T

Figure 2: The strongest and the weakest structure of snowflakes competitiveness and the
rank of competitiveness.
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Model graphically shows the structure of snowflakes competitiveness (Figure 2). The
darkest shade of blue, indicates that the competitiveness of factors or their indicators is the
largest, with a value of rank I. The brightest shade of blue, indicates that the competitiveness
of factors or their indicators is smallest, with a value of rank IV. White fields of the Model
(with a value of rank V), indicates that there are no data for the factors and their respective
indicators. In some countries this assumption is unavoidable. For example, the data for the
region of Kosovo and Metohija have a value of rank V, because they are unavailable or there
is no possibility of appropriate assessment. The range of blue shades can be larger depending
on how many regions certain country is divided. For example, if the country has 20 regions,
then the Model shall have 20 shades of blue. The same thing applies to number of ranks.

Continental regions of Serbia: Background

Serbia covers an area of 88 502 km?, with population of 7.186.862 citizens. The Law on
Regional Development (2009) defines regions in Serbia as statistically functional territorial
entities that are set up for the needs of planning and implementing the policy of regional
development in conformity with the nomenclature of statistical territorial units at level 2. The
Law on Regional Development has defined 5 statistical territorial units which correspond to
NUTS level 2. Those are: 1) Region of Vojvodina, 2) Belgrade Region; 3) Sumadija and
Western Serbia Region; 4) Southern and Eastern Serbia Region; 5) Kosovo and Metohija
Region (Figure 3). For the purposes of this research, competitiveness is measured at this
territorial level.

Figure 3: Regions in Serbia Source: http://pretraga2.apr.gov.rs’APRMapePodsticaja/

Notes: By the United Nations Resolution 1244, Kosovo has a special status within the
Federal Republic of Yugoslavia of which Serbia is the successor.



Faculty of Business Economics and Entrepreneurship International Review (2016 No.1-2) 67

Results

After the calculation of index values of all indicators, we have calculated the factors of
regional competitiveness which are based on certain indicators (see Fig. 1). In this
calculation, there are also negative indicators that reduce the value of the represented factor,
such as: waste, corruption and the share of the gray economy. Index of regional
competitiveness is determined by the sum of all factors of regional competitiveness. Results
of indexes and factors of regional competitiveness are presented in Table 2.

Table 2: Results of measurement of factors of regional competitiveness, the value of the
index of regional competitiveness in Serbia and their ranks.

Regions / Index The Infrastructure The Innovations Geo- The Culture Informal
of regional economic human natural social and institutions

competitiveness factor factor factor factor Tourism and the

/ (rank) property
rights
protection

Belgrade 2,1274 1,74832 1,6485 2,0272 0,2595 | 0,30633 1,1633 1,3053

Region - 10,59 0] n 0] 0] (v) (1 ()} (0]

0]

Southern and 0,920678 1,3482 0,2848 1,0891 | 0,24459 0,892 0,9625

Eastern Serbia 1,349 (Iv) ) (Iv) (D] (v) (D] (v)

Region - 7,14 (V)

v)

Sumadija and 1,3975 1,219044 1,4343 0,3277 1,8818 | 0,30167 2,0553 1,1369

Western Serbia (UD)] () mn (U] m (U] m (UD)

Region - 9,71

(n

Region of 1,4945 1,028668 1,6411 1,5091 1,3324 | 0,37119 0,6588 1,2951

Vojvodina - (1 (UD)] (1 ()} ()} m (1v) (1

9,33 (1)

Kosovo and n/a n/a n/a n/a n/a n/a n/a n/a

Metohija (\%) V) V) V) V) V) V) M

Region - n/a (V)

Source: Authors calculations
Notes: (), (1), (1), (1V), (V) are ranks of regional competitiveness

Belgrade is the most competitive region in the majority of factors: the economic factor,
infrastructure, the human factor, innovations, informal institutions and the property rights
protection (rank | for all factors), while at least competitive in geo-natural factor (rank 1V).
Southern and Eastern Serbia Region has the lowest value in almost all factors, where the
lowest-ranking are: the economic factor, infrastructure, the human factor, innovations,
informal institutions and the property rights protection and the social factor (Figure 4a).
Sumadija and Western Serbia Region is the most competitive in the geo-natural factor and
culture and tourism, while in other factors are middle positioned. Region of VVojvodina is the
most competitive in the social factor and at least competitive in a factor of culture and
tourism, while for the other factors are middle ranked (Figure 4b) .
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Figure 4: Snowflakes of competitiveness

(c) Kosovo and Metohija Region
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Belgrade Region has an Index value 10.59 and shows that it is far more competitive than
Southern and Eastern Serbia Region with the Index value 7.14. In percentage terms, Belgrade
Region is more competitive than Southern and Eastern Serbia for 67.42%. Compared to the
region Sumadija and Western Serbia Region and Region of Vojvodina, Belgrade is
competitive for 8.31 and 11.89%, respectively, when comparing the percentage differences
in Index value. Therefore Belgrade Region has ranked I.

Differences between regional competitiveness Sumadija and Western Serbia and
Vojvodina are very small. Sumadija and Western Serbia Region are more competitive
compared to Region of Vojvodina for 3.91%, when comparing the percentage differences in
Index value. With this in mind, Sumadija and Western Serbia Region have rank II and Region
of Vojvodina has rank I1l. These regions are more competitive compared to Southern and
Eastern Serbia Region, which have rank IV. Competitiveness of Kosovo and Metohija
Region was not possible to measure, because there are no available data for most indicators.
By the United Nations Resolution 1244, Kosovo has a special status within the Federal
Republic of Yugoslavia of which Serbia is the the successor. In this analysis, it could be
logically concluded that this region is at least competitive with respect to all regions. Because
of these facts, Kosovo and Metohija Region has the rank V and is not marked by shades of
blue (Figure 4c).

Conclusion

Larger number of different factors comprehensively presents our definition that the
competitiveness of the region is ability to be productive and maintain a high standard of
living. The same standard of living and productivity depend not only on economic
performance, or the number of schools, universities and hospitals in a region. Likewise, the
institutional support is also important, as well as quality infrastructure, science and
technology development and other variables that affect the quality of life in a region. The
number of variables that affect the productivity and standard of living is certainly higher, but
it is impossible to include all. On the other hand, some authors measure only economic and
social factors or even just GDP as a proxy for human well-being (Armington,Acs 2002;
Royuela,Garcia 2013), factors of entrepreneurship (Storey, 1994; Kirchhoff et al., 2002; Lee
et al. 2004), human capital factors (Thompson, 1965;Lucas 1988), territorial capital
(Camagni, Capello 2013) or space and quality (Jansson — Waxell 2011). Others measure
certain economic and social variables termed as creative industries and the creative class
(Florida 2002; Chapain and Comunian 2010; Chapain et al. 2013; Dzudzek — Lindner 2013)
which became popular in the literature in the last ten years. There are much more examples.
This just proves our statement at the beginning of this paper that that most authors can agree
on the definition of regional competitiveness, but differences arise in various methodologies
or different views of competitiveness.

How is possible comprehensively express the issue of regional competitiveness? Only
by measuring a large number of factors and their indicators. We believe that only on this way
can fully explore this issue. More specifically, there are a number of indicators that are
impossible to obtain with quantitative methods, but whose presence is important in creating
an index of regional competitiveness. This primarily implies psychological indicators whose
data can be collected only by interview with experts (government experts, representatives of
companies that have regional significance, the scientific community). Bearing this in mind,
we have measured 78 indicators which are grouped into eight factors of Snowflake model of
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regional competitiveness. Taking advantage of a large number of indicators, which are
included in eight factors of competitiveness, we successed to overcome the problem of a
measurement of only economic and social factors. Also, Snowflake model can be applied in
any country. It allows measurement of similar indicators if the same indicator does not exist
in regions where regional competitiveness is measured. This characteristic of the model gives
an advantage because it can be applied in the countries (regions) which does not have the
same statistics. On the other hand this characteristic is also its limitation, since errors may
occur in the selection of a substitute indicator.

Snowflake model has a several important features: 1) It can be used as a tool of socio-
economic analysis of regional competitiveness, because it determines the strengths and the
weaknesses on the regional level. 2) In making strategic decisions, it can be used as a tool
for strategic planning, keeping in mind the importance of increasing regional competitiveness
for a particular country. 3) It informs about the degree of regional competitiveness and quality
of life, business conditions, the efficiency of government in the region, etc. Finally, if we say
that this model is not unique because it measures a large number of factors and their indicators
(in recent years have appeared analyzes that included a number of factors and indicators),
then, it is particular because it has a characteristic of graphic (the visual) impression.
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