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Effects of the energy and mining industry on manageent of national
competitiveness

Peter Madzik, Alena Daikové, Jana Pitekova and Vojtech Ferencz

This study examines relationships between progresee energy and mining industry and competitigsnef selected countries.
The focus of the study was determined by reviethiagexpert literature on the topic, which showeat thot many approaches appreciate
the correlations between these two areas and pageclattention to their historical relations. Theudy works with historical data on
the energy and mining industry in selected cousteérd also data on the competitiveness of thosetges. Correlations were examined
using bivariate correlation analysis of respecttirae series. This research identified historicatyong correlations, for instance, between
electric power consumption, land area, or foresttrand indicators of national competitiveness. Tesults show that the influence of
energy and mining industry on competitiveness thefast 40 years has increased, particularly ia tase of countries with low or medium
economic development, and it has decreased in @ezlcountries. The resulting information about ithtensity of the mutual relations
might be useful for management of competitivenedgpkanning of strategic economic tools.
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Introduction

The need to increase national competitiveness lex®nlie more and more important not only at
the national, but also at the international lek®2010, European leaders introduced the ‘Eurof®9 Ztrategy’

- a strategic document which focuses on Europeaelolement. This document also encourages individual
countries to increase their national competitivenégC, 2012). In 2012 and 2014, the World Econdraicum
published reports that evaluate Europe’s competidgs progress. These reports maintain that Europea
countries should not ‘be complacent’ and that it necessary to implement measures for increasing
the competitiveness of Europe as a broader econoniic (WEF, 2014). National competitiveness bekmhy

the most often discussed economic topics (Cimllia012) and is the main focus of a large number of
prestigious scientific magazines. ‘National conjpetness’ is usually understood as the ‘measugeafuntry’s
advantage or disadvantage in selling its producténiernational markets’ (EC, 2012). Competitivenes
organizations is defined in a similar manner (Mik@006) (D#kova, 2005), making this overall definition
appropriate.

Competitiveness management policies in individualntries consist of a series of sector focusedegia
tools (Fosu, 2013). However, the same structursush tools, applied within the frameworks of diéfiet
countries, would not automatically lead to simémonomic results (i.e., competitiveness) (Bye,@0fhainly
because these sets of mechanisms are part of debrgiobal system. Relationships between elemehts o
the system and their intensity affect the overadlutts of a particular country. It is therefore wéifficult to
isolate and generalize specific sources of conipetiadvantage (Eschenbach, 2006). The concept of
competitiveness is often coupled with various |swafl competitiveness and various sources of comnaiess
in academic sources. Studies on organization cativegiess often discuss sources such as creafiWijiams,
2010) (Cropley, 2006), attitude towards change (&3, 2010), productivity (Ball, 2010) (Taus, 201&) CSR
(Diacikovéa, 2013) while studies on national competitiess are rather concerned with sources related to
a broader macro-environment, such as technologiotnsity (Christou, 2008) (Sipikal, 2010), local
infrastructure (Fuchs, 2010), or R&D intensity (Batura, 2013). However, generally speaking, eadreaary
‘asset’ which leads to the desired effect — in taise to advantages in selling products in inteynat markets —
may be considered a source of competitiveness. fitmgiple is implemented into economic theorieslem
the headings of ‘international trade’, ‘economiowth’, or * general macro economic theory’ (Hon@12)
(Rice, 2012), but also into practically orientedthoglologies concerned with quality management, siscBAF
or EFQM (Grauzg 2003).

The impact of particular macroeconomic factors atiamal competitiveness differs according to a besa
context, but current economic theories see agurlltland and natural resources as important seuofe
competitiveness (Libman, 2013) (Cavalcanti, 20HDwever, it is not the existence of natural resesras such
that becomes the source of competitive advantage their efficient exploitation (James, 2011). Eiffint
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exploitation of natural resources, in a broadertednof their efficient transportation (Ambrisko015)
(Andrejiova, 2015) (Rosova, 2013) (Rosova, 2015)stoategic orientation of the energy and mininduistry
(Pawliczek, 2015), may become a source of competddvantage over other countries. On the natieval,
the efficiency of natural resource exploitation aften indicated by specific national indicators,uaity
environmental indicators (Su, 2014), and is asskesse an annual basis. National competitivenesslss a
measured or evaluated using a set of economiayrsectsocial indicators (Bowen, 2011). The amountata
collected by various international statistical aawbnomic institutions offers many possibilities fmmplex
examination of the effect of natural resources #rmar exploitation (i.e., the energy and mining ustty) on
particular attributes of national competitiveness.

Better understanding of the relationship between éhergy and mining industry of a country and its
national competitiveness has been the subjectvefakstudies in the past (Salamon, 1976) (Hollqul®78) as
well as recentlyCulkovéa, 2015) (Sadorsky, 2013) (Campbell, 2012)ntidan, 2003) (Watanabe, 1999). These
studies, focused either on the national or thermatigonal level, usually examine only the currensbort-term
effect of developments in the energy and miningugtdy on the attributes of competitiveness of antgu
However, the above-mentioned data offers much &éingbptential for a closer examination of the riglaship
between the two areas.

The aim of this study is to identify correlationstiveen indicators of the energy and mining industry
the examined countries and indicators of theiramati competitiveness, from a long-term perspecfivee merit
of the study lies in the examination of the cotielass over a long period of time. This might fosteademic
discussion of the appropriateness and the potefaratangible results of strategic tools implemehnte
the energy and mining industry.

Material and methods

This is an empirical study. To obtain sources of secondary data, we searched several international
databases that summarize national indicators foows areas — the OECD, the Eurostat, the WorldkBan
Cedefop, and the World Economic Forum. Examinatibthe scope and quality of the available datatted
the conclusion that the World Bank database bestsribe needs of this study. For several decaded)Vorld
Bank has been collecting and processing a datalelcWorld development indicators’ — WDI. The ds¢t
consists of a total of 1343 indicators (some ofmhadded later as a result of global developments).
The indicators of 249 countries and internatiorainmunities have been recorded for statistical pagpoon
an annual basis since 1960. The 1343 aggregateaitods exactly characterize a total of 20 key amfas
countries' development. For the purposes of thisdyst we selected indicators which describe (@)
the competitiveness of a country, and (b) the gnemgd mining industry. These indicators are thenmai
empirical material of the study. They were procdassing several statistical procedures in ordédeatify their
mutual relationships. Figure 1 shows the reseagsigd of the study.

‘ Aim of the study: To identify correlations between energy and mining industry and national competitiveness ‘

Groups of variables:
Requirement to sources Energy and mining indicators

Agriculture & Rural Development
Aid Effectiveness

Climate Change

Economy & Growth

Education

Energy & Mining

Environment

External Debt

Financial Sector

Gender

Health

Infrastructure

Poverty

Private sector

Public sector o
Science & Technology V\:ifo:’r;?rzzattgrs
Social Development World Economic Forum
Social Protection & Labor .. National competitiveness
Trade indicators

Urban Development

Viable indicators
according to
World Economic Forum

Interpretation

Primary sources Dataset for research

Research
object

e World Bank — dataset
,World development
indicators" version Sept.
2015

249 countries
81 variables (indicators)
54 years (1960-2014)

Fig. 1. Research design.

The overall number of statistically processed iathes is 81, with 49 indicators describing competitess
of a country, and 32 indicators describing the gp@nd mining industry (or the respective governisepolicy
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in that industry). The correlations were examinathg bivariate correlation analysis, as well asetigeries
analysis with autocorrelation and partial autodatien, and they were quantified using Pearsonisetation
coefficient €) as explained in Equation 1, with X and Y as Malea, andn as the number of cases with no
missing values for either of the two variables @&y2012).

Y xy - EX0Y)

J(£x - ) (Br- 22)

r=

1)

The variables were merged into two factors — factenergy and mining industry’, and factor
‘Competitiveness’. We also carried out cluster gsial which allowed us to widen interpretation ops using
analogies of countries with similar features. Tisagies analysis was carried out using the starutaakdure of
linear regression, which is among the generallyepted approaches to the examination of historical
development (Dunis, 2002).

Results

The fact that some indicators entered the datadiaadater time, and that data for other indicateese not
collected in some countries, means that, in theses; the data show a “missing value”. This is t@rah
occurrence, implemented directly into the respecttatistical procedures, and so presents no prolide
the analytical processing. The following resultshaf statistical procedures were obtained by pings172 732
numerical values. For purposes of clarity, in fraftevery indicator we added a short string acewydio
the character of the indicator — ‘COM’ for the cagtipveness indicators, and ‘E&M’ for the energydamining
industry indicators, respectively.

Relations between energy and mining industry and emtries' competitiveness
The data sample was stratified according to thasyeahich means the bivariate correlation analysis
resulted in 54 correlation matrices (54 examineatgke

Tab. 1. Characteristics of correlation betweeniwdual E&M indicators.

Pearson's Coefficient characteristics
Indicator of energy & mining industry Standard )
Average deviai Skewness Kurtosis
eviation

E&MO01_Electric power consumption (kWh per capita) 0,272 0,208 1,154 0,648
E&MO02_Access to non-solid fuel (% of population) 0,267 0,196 0,931 0,293
E&MO03_Energy use (kg of oil equivalent per capita) 0,267 0,200 0,955 -0,050
E&MO04_Adjusted savings: particulate emission dam@gef GNI) 0,251 0,156 0,588 -0,089
E&MO5_Access to electricity (% of population) 0,244 0,178 1,021 1,059
E&MO06_Fossil fuel energy consumption (% of total) 0,205 0,136 0,912 0,608
E&MO07_Land area (sg. km) 0,199 0,281 1,666 1,258
E&MO08_Forest rents (% of GDP) 0,190 0,122 0,699 0,246
E&MO09_Adjusted savings: natural resources depleforof GNI) 0,184 0,106 0,659 -0,127
E&M10_Electricity production from nuclear sourcés ¢f total) 0,175 0,125 0,635 -0,805
E&M11_Electricity production from hydroelectric soes (% of total) 0,170 0,085 0,103 -0,348
E&M12_0il rents (% of GDP) 0,161 0,127 0,922 0,406
E&M13_Adjusted savings: net forest depletion (%641) 0,156 0,102 0,574 -0,297
E&M14_Fuel exports (% of merchandise exports) 0,147 0,126 0,997 0,087
E&M15_Adjusted savings: energy depletion (% of GNI) 0,146 0,116 1,005 0,841
E&M16_Electricity production from coal sources (¥dtatal) 0,135 0,075 0,279 -0,043
E&M17_Energy imports, net (% of energy use) 0,129 0,108 0,768 -0,579
E&M18_Electricity production from oil sources (% toftal) 0,128 0,096 0,460 -0,858
E&M19_Alternative and nuclear energy (% of totabagy use) 0,128 0,121 1,121 0,250
E&M20_Electricity production from oil, gas and caalurces (% of total) 0,125 0,078 0,460 -0,791
E&M21_Adjusted savings: carbon dioxide damage (%) 0,125 0,099 1,545 2,780
E&M22_Agricultural land (% of land area) 0,118 0,089 1,167 1,407
E&M23_CO2 emissions (kg per PPP $ of GDP) 0,111 0,084 1,688 4,520
E&M24_CO2 emissions from manufacturing industriesl @onstruction (% of
total fuel combustion) 0.104 0,086 1,286 1,367
E&M25_Electricity production from natural gas soesd% of total) 0,102 0,091 1,425 1,399
(I%id\(/)let%T;I)ectrlcw production from renewable sourcegcluding hydroelectrig 0,099 0,090 1,545 2.455
E&M27_Annual freshwater withdrawals, total (% ofémal resources) 0,098 0,071 1,263 2,206
E&M28_Arable land (hectares per person) 0,089 0,065 0,893 0,436
E&M29_Fuel imports (% of merchandise imports) 0,088 0,058 0,826 0,056
E&M30_Adjusted savings: mineral depletion (% of GNI 0,083 0,056 0,952 0,238
E&M31_Mineral rents (% of GDP) 0,083 0,055 0,988 0,425
E&M32_Forest area (% of land area) 0,080 0,112 2,973 9,966
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Table 1 summarizes basic statistical charactesistiche correlation between the indicators ofeéhergy
and mining industry and the indicators of natioc@inpetitiveness. All of the examined E&M indicatsiow,
on the average, a positive correlation with theeptjroup of COM indicators. “Electric power consuiop”,
“Access to non-solid fuel”, and “Energy use” showe tbiggest effects on competitiveness. These italica
affect, or are affected by, the economic progrdgsadicular countries. On the other hand, “Adjdsgavings:
mineral depletion”, “Mineral rents”, and, paradadiy, “Forest area” are the indicators which shoow|
correlation with competitiveness.

The most intensive relations

This overview of overall effects of E&M indicatoos national competitiveness may give us a rough afe
the problem, but aggregate data cannot broadlykspeéantify closer mutual relationships. For theason, we
synthesized correlation coefficients for the whebeamined period. This synthetization took the foofn
an overall correlation matrix with the COM indicegan the lines and the E&M indicators in the cohanTable
2 shows 10 coefficients with the largest and 1@fmients with the smallest correlation.

Tab. 2. The strongest relations between E&M and/dicators.

> he] <) E 3 —
5 5 6 8 g 5 5 E
5 2 2F S 9 5 =
c £ T X S
T Sz 3°© 28 T8 @ 2
) g2 49 3 %% & 3
Indicator of energy & mining industry/Indicator of | » T o 8 22 o= 28 2 g
countries’ competitiveness 32 ®a B8E £ = @ o
8 S8 £°9 o5 22 5 @
< 2 <5 <8 wg WwE T 5
22 o8 332 gt 8% 8 5
5 < 8z ? 2 T
52 33 3:0 3% =3 B =3
Wwe W was wa Wwe wo L
COMO1_Adjusted net national income per capita mnir 0,810
Uss) (R1)
. . -0,431
COMO02_Cost to import (US$ per container) (R2)
COMO03_Final consumption expenditure, etc. (% of GDP -(()R49(;3
. 0,759
COMO04_GDP per capita (current US$) (R10)
COMO5_Gross national expenditure (% of GDP) ?Rgs
COMO06_Gross value added at factor cost (current) US$ (0R71?l§
COMO7_lInternet users (per 100 people) '(%112)7
COMO08_Exports of goods, services and primary incBaP, 0,791
current US$) (R13)
COMO09_Labor force, total 0(}_\?;[)4
. ) 0,837 0,806 -0,694 -0,561
COM10_Life expectancy at birth, total (years) (R4) (R5) (R6) (R8)
COM11_Logistics performance index: Overall (1=low |t -0,482
5=high) (R14)
COM12_Patent applications, nonresidents (ORE;_:;
. 0,924
COM13_Population, total (R16)
COM14_Research and development expenditure (% &)GD (?;11%7
COM15_Researchers in R&D (per million people) (0R71%?
. -0,588 -0,461
0 ) )
COM16_Urban population (% of total) (R19) (R20)

For further processing, these relations are desgnd&R1’ to ‘R20’. One of the interesting results i
the strong correlation between “E&MO01_Electric powensumption” and “Adjusted net national income pe
capita” (the R1 relation) or “GDP per capita” (R0 relation). On the other hand, “Adjusted savings
particulate emission damage” shows a very negatffext on several competitiveness indicators (COMY,
11, 14, 16). All these correlation coefficients waxamined, and their development is presentedaphg —
Figure 2 and Figure 3. Only relations with a suéfit number of correlation coefficients (at leaatf fof all
examined years) are presented in the graphs. FR@st@ows the historical development of correlatifnosn
1960 up to now (2013). The data enabled a deepdyss of 9 of the 20 above-mentioned correlati@is
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positive and 4 negatiyeAs seen in the figure, there is one gistable correlation the“Land area” vs. “Total
population” (R16). Thidinding is logical sine the data describeralatively peaceful period. Fluctuations in t
relation would be visible in case of a global arncedflict, whichwas showrin some demographic studies
the past (Boyce, 2006Yhe R11 relation is also rather statexcept the 260’s, when“Gross value added at
factor cost”contributed less to national competitiveness. Sdvauthors have paid closer attention to
development in relation tihve 1970’s energy cris(Richman, 1979).
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Fig. 2. Intensity of examined relations — positive ctatiens.

“Patent applications{in the R15 relation) were an important facof national competitiveness until abc
the first half of the 1980’s. After that period,etleffect of patents shows a significant decreasé,tien
gradually increases again due to developmentsfamnration and communication technolo(Cropley, 2006).
The “Electric power consumption/s. “GDP per capita” relation (R1@3 similar to the R11. In this ce, we
again see aapid increase followed | a rapiddecrease in the intensity of the relation in th& @9 due ti
theeffects of the energy crisis. This relation shca stableintensity, but nowadays the intensity is decreas
which might be the result of national political gsares to save energy and protect the environi
The decrease in the R1 relationhe corelation between “Electric power consumptiantd “Adjusted national
income per capita” — might also partly explained by environmental polici

Negative correlations
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Fig. 3. Intensity of examined relations — negative datiens.

71



Peter Madzik, Alena Daiikové, Jana PitekovaandVojtech Ferencz Effects of the energy and mining industry on ngemaent of national
competitiveness

Figure 3 shows a similar graph, this time with riaga correlation coefficients. One can see that
the intensity of negative correlations betweendhergy and mining industry and national competitess has
been decreasing in the long term. The reason ferntight be the reduction of negative effects a$ thector
brought about by research and development. The stdking negative correlation — the R3 (“Energg’uss.
“Gross national expenditure”) — has been signifiiareduced since the beginning of measuring in1860’s,
but it is demonstrably prone to interval (seasofiaijtuations caused by changes in the marketsobtiqal
strategies (Gordon, 1986). The R9 relation showslai characteristics to the R3, and so the sateegretation
applies to it. The negative correlation of R8 (“€&fr rents” vs. “Life expectancy at birth”) is aneresting
finding, and since academic sources have not paidhnattention to explaining this phenomenon, itiear
potential for further research. It would be int¢ires to see whether this intensity is the resulbafystematic
effect or mere coincidence. The R20 (“Forest remts™Urban population”) is also a potential tofée further
research. In this case, again, literature offermterpretation of the results.

Historical changes in the effect of the energy anchining industry on national competitiveness

Because the data has been synthesized for morditieathecades, it enabled us to delineate the @iy
the competitiveness of individual countries. Toeassthe historical changes, we applied factor aislyith 2
predefined factors. One factor consisted of vaeisbinainly from the energy and mining industry &mel other
factor consisted of variables from national contpathess. Variables that showed less than 20 %aidity in
an algorithmic mathematical model were excludedftbe correlation analysis. At the same time, 2efascore
valuables were computed for each case (particolantcy). One value represents the factor “Energy mming
industry”, the other value represents the factoortpetitiveness”. This enabled us to represent dgecafh
the location of individual countries in a two-dinsgomal space — Figure 4.

The left side of Figure 4 shows the actual, monmgrdtate for 2013 of the examined countries, wizoh
stratified according to their GDP per capita. Wessh this stratification because of studies thatwshow
various accelerators of economic growth differ adow to the current economic performance of thaentcy
(Sipikal, 2010). The graph on the left side comssidtfour quadrants (Q1 to Q4). Quadrant Q1 shawsties
with a strong orientation in the energy and minimdustry, but with no significant effect of thisdastry on their
competitiveness (countries such as the United Aratirates (ARE) or Switzerland (CHE)). Quadrant Q2 i
occupied by countries with a strong orientatiorthie energy and mining industry which is also a ificant
source of their competitive advantage (United StateAmerica (USA) or European Union (EUU)). Quadra
Q3 is occupied by developing countries with no Bigant energy and mining industry (Equatorial Gaan
(GNQ), Congo (CON), or Liberia (LBR)). Quadrant @@34occupied by countries that are relatively coritivet
at the regional level, but their competitivenesads due to the energy and mining industry (SousfeASAS),
Sub-Saharan Africa (SSF), or the so-called Loweddhei income (LMC) economies). The graph also shows
a markedly bigger symbol of the average valuelaritic mean, centroid) for the respective groupsdqaling
to Economic Wealth). The position of this symbohidcterizes the groups according to progress in ¢nergy
and mining industry and their overall competitivesdor that year (2013 in this case). The data,evew
allowed us to compute the average values of thepgrdor every recorded year. To show historicaihges in
the effects between the two examined areas, weseld\a graph (the right side of Figure 4) that shonly
the centroids of these five groups of countries.
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This graph shows in which quadrant the mean ofriividual groups was in 1973, and where it gratual
moved to until 2013 (indicated by the arrow). A dre seen, the effect of the energy and miningstrgion
national competitiveness shows a rapid decreasheircase of countries with the average income ppita
higher than 25.000 $. This complex decrease ireffext of the energy and mining industry on contpethess
might be considered a natural consequence of ristagdard-of-living among the population. The rofe
accelerators of the economy and competitivenessbban recently taken by information and commurieati
technologies, developments of new materials, nahotdogies, or other rapidly developing areas (@u
2003). Nevertheless, the energy and mining industy still be considered as an accelerator of ctithgmess
in developing countries, which is also shown byitpaschanges in quadrant Q3.

Discussion and conclusion

The subject of this study — the relations betweba tnergy and mining industry and national
competitiveness — was also examined using a wodelvdatabase of related indicators. Historical ne$ea
showed that the exploitation of natural resoureéth the energy and mining industry as its sub-grauight be
considered as a source of competitiveness. Thdifidation and quantification of 10 positive and @6gative
correlations between the examined areas are otfeahain results of this study. By deeply analyzoge of
these correlations, we assessed the effects obrteegy and mining industry on national competitess)
The examination of historical changes may also ipmwmaterial for a broader discussion in the cdntix
present global developments.

Itis, of course, necessary to mention methodo&lgic contextual risks connected with processing tifpe
of data. The results are, to a great extent, infled by the availability of the data (WDI). The siigy values in
the dataset may present a certain bias. The adgregsults interpreted using the factors in Figdrand
the positions of the centroids of the groups milgate been affected by not including some couninés
the analysis due to lack of relevant data. Everughothese risks were taken into account when cgati
the algorithms, they could not have been avoidajather.

The merit of this study lies in its focus on thethrical context of the relationship between thergn and
mining industry and national competitiveness. Sesrraf competitiveness are often examined in thadraork
of a particular momentary state, which makes opragch based on examination of the long-term devednts
of correlations a useful contribution to the distas of the focus and efficiency of national pdaiiin
the energy and mining industry.
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