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Suppose that there are n original variables that 
characterize economic performance of a m countries: 

Denote by  Σ the corresponding covariance matrix; 
by                       the normalized vector of k-th component 
loadings,  
and by                          the k-th component score for the j-th 
country. 

The traditional principal component approach  
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where                                     is the k-th principal component 
vector. 
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Principal component loadings are determined as 
eigenvectors of the covariance matrix Σ. 

The eigenvalues of the matrix Σ 

The traditional principal component approach  

021  n 

are equal to the variance of the corresponding 
principal component scores 
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Total variance of principal component scores 
equals to the total variance of primary data, 
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thus                               is the share of data variance 

explained by the k-th principal component. 
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The first principal component score  

is known to be used as an aggregate economic 
indicator for the j-th country. 

The traditional principal component approach  
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takes  

instead of           

as an aggregate indicator of economic activity. 
 

A modified principal component approach*  
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The approach is based on normalized property of component 
loadings: 

*Аyvazyan, S.A., Stepanov, V.S., & Kozlova, M. I. (2006). Measurement 
of Synthetic Categories of Quality of Life of the Regional Population 
and Identification of the Key Directions to Improve Regional Policy (in 
Russian). Applied Econometrics, 2 (2), 18-84. 
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Unfortunately this approach fails to explain total variation of 
the data. 





n

i

ijij xlz
1

11



The 12th International Days of Statistics and Economics, Prague, September 6-8, 2018 

The generalized modified principal 
component (GMPC) approach  

An aggregate measure of national economic activity – 
a weighted sum of all  principal component scores: 
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The modified principal component score  

is an element of the aggregate index. 
These elements are weighted by the corresponding 
shares of explained variance ρk so as to retain units of 
measure of the original variables.  





n

i

ijkikj xly
1

2



The 12th International Days of Statistics and Economics, Prague, September 6-8, 2018 

Global Competitiveness Index (GCI) 
as compared to GMPC ranking 

Place     Country +/- GCI Place  Country 

+/- GCI 

Place     Country 

+/- GCI 

1 Switzerland 0 26 Bahrain 13 51 Indonesia -20 

2 Singapore 0 27 Malta 5 52 Bulgaria -10 

3 Netherlands 0 28 Portugal 9 53 Albania 6 

4 HongKong 1 29 CzechRep -2 54 Kuwait -11 

5 Finland 4 30 Slovenia 11 55 Jordan -2 

6 UK 1 31 SaudiArabia -5 56 India -21 

7 Sweden -1 32 China -9 57 Romania -2 

8 Japan 0 33 Cyprus 19 58 Serbia 3 

9 Denmark 2 34 Lithuania 2 59 Turkey -15 

10 Germany -6 35 Azerbaijan -5 60 Bhutan 4 

11 Norway -1 36 Italy 2 61 VietNam -15 

12 Luxembourg 4 37 Oman 14 62 Lebanon 13 

13 UAE 1 38 Poland -4 63 Iran -7 

14 Israel -1 39 Latvia 6 64 Sri_Lanka 1 

15 Belgium 2 40 Brunei 0 65 Tajikistan -3 

16 Austria -1 41 Thailand -13 66 Philippines -19 

17 France 1 42 Slovakia 7 67 Ukraine -4 

18 Iceland 6 43 Russia -10 68 Mongolia 4 

19 Ireland 1 44 Greece 22 69 Bosnia and Herzegovina 5 

20 Korea 2 45 Hungary 5 70 Moldova -2 

21 Qatar 0 46 Croatia 12 71 Laos -1 

22 Taiwan 10 47 Montenegro 13 72 Kyrgyz 1 

23 Estonia +2 48 Georgia 6 73 Bangladesh -2 

24 Spain 5 49 Kazakhstan -1 74 Cambodia -5 

25 Malaysia -6 50 Armenia 7 75 Nepal -8 

76 Pakistan 0 
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Overall rating GCI 

Global Competitiveness Index (GCI) 
as compared to GMPC ranking 
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Global Competitiveness Index (GCI) 
as compared to GMPC ranking 
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Ranking based on the first principal component 
(PC1) as compared to GMPC ranking 

Country Place  +/- Place PC1 Country Place  +/- Place PC1 

Switzerland 1 0 Estonia 23 0 

Singapore 2 0 Spain 24 -3 

Netherlands 3 0 Malaysia 25 +1 

HongKong 4 0 Bahrain 26 +1 

Finland 5 +1 Malta 27 +1 

UK 6 -2 Portugal 28 0 

Sweden 7 +2 CzechRep 29 -1 

Japan 8 +2 Slovenia 30 -2 

Denmark 9 -3 SaudiArabia 31 +2 

Germany 10 -1 China 32 +1 

Norway 11 +1 Cyprus 33 -4 

Luxembourg 12 +3 Lithuania 34 -1 

UAE 13 0 Azerbaijan 35 +2 

Israel 14 -3 Italy 36 0 

Belgium 15 +1 Oman 37 +3 

Austria 16 +1 Poland 38 0 

France 17 +1 Latvia 39 -1 

Iceland 18 0 Brunei 40 -4 

Ireland 19 -1 Thailand 41 +2 

Korea 20 -2 Slovakia 42 0 

Qatar 21 +2 Russia 43 -3 

Taiwan 22 +1 … … … 
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Usually original data can be grouped into a number (θ) of 
subsets or pillars that reflect definite attributes of social and 
economic pattern. 

The generalized modified principal 
component (GMPC) approach  



The 12th International Days of Statistics and Economics, Prague, September 6-8, 2018 

The aggregate index  can be imagined as a sum of linear 
transforms of the pillars that constitute original data: 
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The generalized modified principal 
component (GMPC) approach  

Thus, the resulting aggregate indicator can be decomposed 
into a sum of partial indicators that reflect the effect of 
definite pillars on general economic performance: 
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Thank You for attention! 

An application of principal component analysis to 
international comparison of economic activities 
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