
NBB WORKING PAPER No. 48 - MAY 2004   

NATIONAL  BANK  OF  BELGIUM 
 
 

WORKING PAPERS - RESEARCH SERIES 
 
 
 
 

Sectoral vs. country diversification benefits 
and downside risk  

 
 
 

___________________ 
 
 
 

Marina Emiris (*) 
 
 
 
 

 

 

 

This paper has been prepared for the National Bank of Belgium 2004 conference on "Efficiency and 
Stability in an Evolving Financial System". The author wishes to thank the reviewers and the 
participants of the NBB conference for helpful comments. 
 
 
 
The views expressed in this paper are those of the authors and do not necessarily reflect the views 
of the National Bank of Belgium.  
 

 

 

 

 

 

 

 

 

 

 

__________________________________ 

(*) NBB, Research Department. e-mail: marina.emiris@nbb.be 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Research Papers in Economics

https://core.ac.uk/display/6236734?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


 NBB WORKING PAPER No. 48 - MAY 2004 

Editorial Director 

Jan Smets, Member of the Board of Directors of the National Bank of Belgium 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Statement of purpose: 

The purpose of these working papers is to promote the circulation of research results (Research Series) and analytical 
studies (Documents Series) made within the National Bank of Belgium or presented by external economists in seminars, 
conferences and conventions organised by the Bank. The aim is therefore to provide a platform for discussion. The opinions 
expressed are strictly those of the authors and do not necessarily reflect the views of the National Bank of Belgium. 
 
 
The Working Papers are available on the website of the Bank: 
http://www.nbb.be 
 
 
Individual copies are also available on request to: 
NATIONAL BANK OF BELGIUM 
Documentation Service 
boulevard de Berlaimont 14 
BE - 1000 Brussels 
 
 
Imprint: Responsibility according to the Belgian law: Jean Hilgers, Member of the Board of Directors, National Bank of Belgium. 
Copyright © fotostockdirect - goodshoot 
  gettyimages - digitalvision 
  gettyimages - photodisc 
  National Bank of Belgium 
Reproduction for educational and non-commercial purposes is permitted provided that the source is acknowledged.  
ISSN: 1375-680X 
 



NBB WORKING PAPER No. 48 - MAY 2004   

 

 

Editorial 

 

On May 17-18, 2004 the National Bank of Belgium hosted a Conference on "Efficiency and stability 

in an evolving financial system". Papers presented at this conference are made available to a 

broader audience in the NBB Working Paper Series (www.nbb.be). 

 

 

 

Abstract 

 

Recently, the advantage of country diversification relative to sector diversification has been 

questioned especially against the background of the European monetary and financial integration. 

Correct estimates of the correlation matrix are central for the evaluation of the relative diversification 

gains. These estimates should take into account the time-varying and asymmetric behaviour of the 

correlation process particularly in the context of major changes in volatility and market trends. In this 

paper, the ADCC (Asymmetric Dynamic Conditional Correlation) model developed by Cappiello et 

al. (2003) is used to estimate the conditional correlation and volatility of weekly country, sector and 

country/sector returns indexes over 1990-2003. This model offers a relatively flexible specification 

for the conditional correlation process that is still computationally feasible for estimation on larger 

portfolios. The estimation results point to an increase in the average correlation between country 

indexes during the last five years, but at the same time there is an important decline in the 

correlation between sector indexes. This trend is observed in both the euro area and the word-wide 

portfolios and is therefore not specific to the European integration process. At the same time, the 

volatility in the sector indexes has increased remarkably and in a relatively stronger way compared 

to the volatility in the country indexes. Both trends tend to cancel out in the calculations of optimal 

portfolio variance: lower sector correlation is offset by higher sector volatility and higher country 

correlation is neutralised by the relative lower volatility in country indexes. Therefore no clear trend 

appears from comparing the relative conditional variances of sector and country portfolios. After 

taking into account the effect of average returns, it turns out that country diversification is still the 

dominant strategy for world portfolios, whereas sector diversification is more interesting for euro 

area portfolios. 
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Table 1: descriptive statistics on stock market indexes                                          
 mean std skew kurt min max corr bear normal bull 

Countries           
Austria 0.49 19.02 -0.40 7.67 -0.17 0.15 0.40 0.42 0.32 0.39 
Belgium 3.06 16.91 -0.15 4.90 -0.10 0.11 0.48 0.42 0.29 0.35 
Denmark 7.32 17.81 -0.47 6.01 -0.14 0.10 0.45 0.41 0.30 0.35 
France 5.14 18.21 -0.15 4.09 -0.10 0.10 0.56 0.38 0.20 0.31 
Germany 2.92 19.64 -0.34 4.85 -0.11 0.11 0.57 0.37 0.18 0.29 
Ireland 6.66 18.78 -0.40 5.37 -0.13 0.12 0.46 0.41 0.30 0.35 
Italy 0.93 22.98 0.05 5.48 -0.13 0.17 0.44 0.40 0.31 0.35 
Netherlands 6.24 17.12 -0.44 6.37 -0.10 0.14 0.57 0.36 0.19 0.29 
Spain 4.72 19.77 -0.12 4.09 -0.11 0.13 0.53 0.39 0.24 0.27 
Greece 8.58 31.54 0.31 5.35 -0.17 0.21 0.33 0.46 0.35 0.40 
Portugal 0.67 18.56 -0.02 4.67 -0.12 0.13 0.43 0.42 0.32 0.37 
Finland 9.67 31.79 -0.46 5.64 -0.23 0.19 0.41 0.38 0.33 0.37 
Sweden 5.14 25.80 -0.11 6.00 -0.17 0.22 0.52 0.38 0.26 0.30 
Switzerland 8.90 17.17 -0.10 5.10 -0.11 0.11 0.52 0.40 0.27 0.31 
Norway 3.64 21.70 -0.33 5.35 -0.13 0.13 0.45 0.42 0.28 0.33 
United Kingdom 4.59 15.81 0.08 4.95 -0.09 0.11 0.52 0.38 0.26 0.31 
Australia 4.75 16.45 -0.18 3.97 -0.11 0.09 0.40 0.40 0.34 0.35 
Hong Kong 9.91 25.89 -0.49 6.00 -0.20 0.14 0.39 0.41 0.32 0.39 
Japan -4.89 23.89 0.26 4.32 -0.13 0.12 0.32 0.44 0.36 0.38 
New Zealand 1.69 19.84 -0.38 5.00 -0.13 0.11 0.36 0.42 0.36 0.38 
Singapore 1.27 22.35 -0.54 9.19 -0.23 0.16 0.40 0.42 0.33 0.38 
Canada 6.12 16.50 -0.55 6.34 -0.12 0.09 0.43 0.41 0.34 0.38 
Mexico 9.72 30.32 -0.60 6.84 -0.28 0.19 0.33 0.44 0.35 0.37 
United States 8.65 16.21 -0.59 7.25 -0.14 0.09 0.44 0.40 0.36 0.37 
sectors. world level                                                    
Basic industries -0.46 15.52 -0.21 5.07 -0.10 0.08 0.71 0.57 0.38 0.48 
Cyclical goods 1.60 16.73 -0.37 7.35 -0.15 0.11 0.70 0.55 0.42 0.51 
Cyclical services 2.96 15.17 -0.34 5.87 -0.12 0.08 0.76 0.50 0.28 0.45 
General industries 3.93 16.58 -0.41 6.48 -0.15 0.09 0.77 0.49 0.26 0.42 
Total financials 9.71 26.92 -0.59 6.57 -0.24 0.16 0.57 0.56 0.54 0.54 
Non-cyclical goods 7.88 13.14 -0.15 5.04 -0.08 0.07 0.60 0.57 0.48 0.53 
Non-cyclical services 2.81 16.31 -0.25 5.00 -0.10 0.11 0.63 0.51 0.43 0.55 
Inform. technology 5.47 15.65 -0.45 5.20 -0.11 0.08 0.52 0.60 0.54 0.53 
Ressources 2.60 16.75 -0.05 5.45 -0.11 0.11 0.74 0.52 0.34 0.48 
Utilities 0.95 11.36 0.12 5.62 -0.08 0.08 0.58 0.60 0.52 0.52 
sectors. euro area                                                           
Basic industries 2.52 17.60 -0.43 5.42 -0.11 0.11 0.73 0.55 0.38 0.45 
Cyclical goods 1.00 20.75 -0.69 7.00 -0.18 0.12 0.70 0.56 0.44 0.47 
Cyclical services 3.59 17.73 -0.41 7.45 -0.16 0.11 0.73 0.53 0.36 0.44 
General industries 3.08 19.27 -0.41 4.42 -0.11 0.10 0.75 0.51 0.33 0.45 
Total financials 3.13 18.75 -0.16 7.98 -0.12 0.16 0.74 0.54 0.37 0.47 
Non-cyclical goods 7.71 15.21 -0.20 4.10 -0.08 0.09 0.65 0.57 0.43 0.50 
Non-cyclical services 8.13 22.30 0.06 5.38 -0.14 0.16 0.62 0.54 0.49 0.54 
Inform. technology 11.69 32.00 -0.52 5.47 -0.20 0.18 0.60 0.55 0.51 0.52 
Ressources 7.48 19.20 -0.28 5.84 -0.16 0.15 0.54 0.61 0.52 0.51 
Utilities 6.20 14.99 -0.20 3.92 -0.08 0.08 0.62 0.60 0.48 0.56 
skew stands for skewness. kurt for kurtosis. std for standard deviation. min for minimum. max for maximum  
corr represents the average unconditional correlation of each country/sector with all other countries/sectors 
over all periods           
bear represents the average correlation of the index with the other indexes. in periods of bear markets.  
normal represents the average correlation of the index with the other indexes. in normal periods.  
bull represents the average correlation of the index with the other indexes. in periods of bull markets.  
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Table 2: Garch and ADCC parameters for the world country model 

 Garch parameters Asymmetric DCC with dummy 
 ω α β  a  b  g 

Austria 0.212 0.081 0.882  0.004 0.862 0.008 
 0.051 0.013 0.009  0.002 0.099 0.015 

Belgium 0.846 0.183 0.669  0.042 0.709 0.017 
 0.217 0.041 0.050  0.019 0.105 0.016 

Denmark 0.029 0.059 0.940  0.008 0.851 0.002 
 0.025 0.008 0.003  0.006 0.103 0.001 

France 0.573 0.099 0.812  0.025 0.797 0.006 
 0.144 0.024 0.022  0.008 0.061 0.006 

Germany 0.191 0.111 0.868  0.019 0.723 0.004 
 0.069 0.018 0.011  0.009 0.093 0.004 

Ireland 0.059 0.052 0.941  0.003 0.849 0.002 
 0.032 0.007 0.002  0.001 0.127 0.002 

Italy 2.392 0.158 0.604  0.017 0.767 0.003 
 0.744 0.039 0.085  0.009 0.105 0.002 

Netherlands 0.451 0.193 0.728  0.027 0.826 0.003 
 0.121 0.035 0.034  0.009 0.051 0.002 

Spain 0.398 0.104 0.844  0.008 0.762 0.045 
 0.107 0.020 0.014  0.005 0.079 0.022 

Greece 0.278 0.072 0.913  0.005 0.684 0.006 
 0.089 0.010 0.005  0.004 0.186 0.009 

Portugal 1.254 0.149 0.662  0.011 0.568 0.040 
 0.353 0.039 0.062  0.010 0.143 0.024 

Finland 0.480 0.119 0.861  0.007 0.980 0.004 
 0.165 0.019 0.012  0.005 0.011 0.005 

Sweden 0.676 0.139 0.814  0.006 0.923 0.004 
 0.175 0.023 0.018  0.004 0.031 0.003 

Switzerland 1.308 0.142 0.625  0.026 0.653 0.012 
 0.357 0.037 0.073  0.012 0.145 0.009 

Norway 0.629 0.077 0.852  0.009 0.562 0.003 
 0.133 0.017 0.014  0.008 0.227 0.002 

United Kingdom 1.394 0.110 0.597  0.031 0.781 0.002 
 0.407 0.035 0.086  0.015 0.080 0.001 

Australia 0.230 0.048 0.907  0.004 0.931 0.004 
 0.060 0.013 0.006  0.002 0.046 0.003 

Hong Kong 0.299 0.093 0.888  0.008 0.731 0.003 
 0.109 0.015 0.008  0.006 0.113 0.002 

Japan 0.620 0.095 0.849  0.004 0.824 0.010 
 0.170 0.020 0.014  0.002 0.092 0.027 

New Zealand 0.340 0.083 0.871  0.003 0.542 0.003 
 0.078 0.015 0.010  0.002 0.192 0.003 

Singapore 0.179 0.103 0.884  0.004 0.581 0.003 
 0.057 0.015 0.008  0.003 0.272 0.002 

Canada 0.130 0.103 0.874  0.005 0.611 0.037 
 0.041 0.016 0.010  0.004 0.173 0.024 

Mexico 0.772 0.107 0.852  0.004 0.731 0.010 
 0.242 0.022 0.013  0.003 0.146 0.020 

United States 0.016 0.052 0.946  0.004 0.942 0.003 
 0.012 0.006 0.002  0.002 0.030 0.002 

The GARCH parameters are the univariate Garch estimates used to standarize the return data. 
The ADCC parameters correspond to the asymmetric DCC model with a dummy break in the intercept from 
the first week of 1999 onwards. 
Standard errors are reported below the coefficients     
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Table 3: Garch and ADCC parameters for the world sector model 

 Garch parameters                                                                        Asymmetric DCC with dummy                        
 ω α β  a  b  g 

Basic industries 0.188 0.123 0.839  0.031 0.887 0.010 
 0.056 0.021 0.016  0.006 0.017 0.008 

Cyclical goods 0.503 0.155 0.749  0.022 0.914 0.006 
 0.123 0.028 0.031  0.006 0.021 0.004 

Cyclical services 0.041 0.076 0.915  0.025 0.927 0.006 
 0.019 0.010 0.005  0.005 0.016 0.004 

General industries 0.105 0.109 0.875  0.028 0.923 0.004 
 0.038 0.016 0.010  0.005 0.013 0.003 

Total financials 0.055 0.064 0.934  0.020 0.974 0.002 
 0.034 0.007 0.003  0.005 0.007 0.001 

Non-cyclical goods 0.012 0.027 0.973  0.020 0.927 0.005 
 0.011 0.005 0.001  0.007 0.017 0.003 

Non-cyclical services 0.034 0.059 0.934  0.007 0.972 0.019 
 0.019 0.007 0.003  0.002 0.012 0.009 

Information technology 0.022 0.043 0.953  0.012 0.865 0.002 
 0.015 0.005 0.002  0.008 0.073 0.001 

Ressources 0.290 0.128 0.820  0.021 0.937 0.002 
 0.081 0.022 0.018  0.006 0.018 0.001 

Utilities 0.081 0.064 0.903  0.014 0.824 0.030 
 0.022 0.012 0.007  0.008 0.057 0.015 

The GARCH parameters are the univariate Garch estimates used to standarize the return data  
The ADCC parameters correspond to the asymmetric DCC model with a dummy break in the intercept from 
the first week of 1999 onwards. 
Standard errors are reported below the coefficients     
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Table 4: Likelihood ratio tests of alternative DCC models 

 Log Likelihood                                                        H0                        LR test                              p-value               
World country model   
(1) CDCC -36266     
(2) SDCC -36187  (2) vs (1) 157.48 0.00 
(3) SDCC-d -35834  (3) vs (2) 706.70 0.00 
(4) SDCC-t -36170  (4) vs (2) 34.84 0.00 
(5) DDCC -36105  (5) vs (1) 164.24 0.00 
(6) DDCC-d -35796  (6) vs (3) 75.89 0.00 
(7) ADCC -36088  (7) vs (5) 33.77 0.09 
(8) ADCC-d -35779  (8) vs (6) 32.98 0.10 

World sector model   
(1) CDCC -11737     
(2) SDCC -11487  (2) vs (1) 500.51 0.00 
(3) SDCC-d -11380  (3) vs (2) 212.79 0.00 
(4) SDCC-t -11468  (4) vs (2) 37.82 0.00 
(5) DDCC -11459  (5) vs (1) 54.19 0.00 
(6) DDCC-d -11352  (6) vs (3) 56.03 0.00 
(7) ADCC -11449  (7) vs (5) 21.03 0.02 
(8) ADCC-d -11342  (8) vs (6) 19.82 0.03 

Euro area country model   
(1) CDCC -16777     
(2) SDCC -16666  (2) vs (1) 222.00 0.00 
(3) SDCC-d -16553  (3) vs (2) 226.81 0.00 
(4) SDCC-t -16657  (4) vs (2) 19.16 0.00 
(5) DDCC -16622  (5) vs (1) 88.45 0.00 
(6) DDCC-d -16531  (6) vs (3) 43.40 0.00 
(7) ADCC -16616  (7) vs (5) 12.28 0.34 
(8) ADCC-d -16521  (8) vs (6) 21.25 0.03 

Euro area sector model     
(1) CDCC -13356     
(2) SDCC -13085  (2) vs (1) 540.85 0.00 
(3) SDCC-d -12957  (3) vs (2) 255.61 0.00 
(4) SDCC-t -13060  (4) vs (2) 49.66 0.00 
(5) DDCC -13067  (5) vs (1) 35.37 0.01 
(6) DDCC-d -12943  (6) vs (3) 27.76 0.00 
(7) ADCC -13061  (7) vs (5) 13.23 0.21 
(8) ADCC-d -12936  (8) vs (6) 14.96 0.13 
CDCC stands for the constant CC model   
SDCC stands for the scalar DCC model   
SDCC-d stands for the scalar DCC model with break in intercept from 1999 onwards 
SDCC-t stands for the scalar DCC model with determistic trend in intercept  
DDCC stands for the diagonal DCC model   
DDCC-d stands for the diagonal DCC model with break in intercept from 1999 onwards 
ADCC stands for the asymmetric diagonal DCC model  
ADCC-d stands for the asymmetric diagonal DCC model with break in intercept from 1999 onwards 
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Table 5: Likelihood ratio tests of alternative DCC models  

 Log Likelihood                                                        H0                        LR test                              p-value               
Basic industries   
(1) CDCC -38855     
(2) SDCC -38841  (2) vs (1) 27.64 0.00 
(3) SDCC-d -38596  (3) vs (2) 489.99 0.00 
(4) SDCC-t -38836  (4) vs (2) 11.29 0.00 
(5) DDCC -38794  (5) vs (1) 94.88 0.00 
(6) DDCC-d -38568  (6) vs (3) 55.97 0.00 
(7) ADCC -38780  (7) vs (5) 28.22 0.21 
(8) ADCC-d -38548  (8) vs (6) 41.18 0.01 
Cyclical goods     
(1) CDCC -30203     
(2) SDCC -30191  (2) vs (1) 24.03 0.00 
(3) SDCC-d -30100  (3) vs (2) 181.05 0.00 
(4) SDCC-t -30190  (4) vs (2) 0.66 0.41 
(5) DDCC -30156  (5) vs (1) 70.02 0.00 
(6) DDCC-d -30073  (6) vs (3) 53.44 0.00 
(7) ADCC -30145  (7) vs (5) 22.01 0.14 
(8) ADCC-d -30059  (8) vs (6) 29.62 0.02 
Cyclical services      
(1) CDCC -38540     
(2) SDCC -38524  (2) vs (1) 32.74 0.00 
(3) SDCC-d -38335  (3) vs (2) 377.74 0.00 
(4) SDCC-t -38520  (4) vs (2) 8.41 0.00 
(5) DDCC -38483  (5) vs (1) 81.92 0.00 
(6) DDCC-d -38309  (6) vs (3) 51.59 0.00 
(7) ADCC -38469  (7) vs (5) 26.94 0.26 
(8) ADCC-d -38293  (8) vs (6) 33.26 0.08 
General industries     
(1) CDCC -38516     
(2) SDCC -38499  (2) vs (1) 33.54 0.00 
(3) SDCC-d -38275  (3) vs (2) 447.31 0.00 
(4) SDCC-t -38499  (4) vs (2) 0.28 0.60 
(5) DDCC -38457  (5) vs (1) 85.03 0.00 
(6) DDCC-d -38253  (6) vs (3) 45.32 0.00 
(7) ADCC -38442  (7) vs (5) 29.26 0.14 
(8) ADCC-d -38240  (8) vs (6) 25.04 0.30 
Total financials      
(1) CDCC -40159     
(2) SDCC -40111  (2) vs (1) 95.85 0.00 
(3) SDCC-d -39856  (3) vs (2) 510.40 0.00 
(4) SDCC-t -40105  (4) vs (2) 13.80 0.00 
(5) DDCC -40031  (5) vs (1) 161.75 0.00 
(6) DDCC-d -39810  (6) vs (3) 93.29 0.00 
(7) ADCC -40007  (7) vs (5) 48.17 0.00 
(8) ADCC-d -39791  (8) vs (6) 37.73 0.04 
CDCC stands for the constant CC model   
SDCC stands for the scalar DCC model   
SDCC-d stands for the scalar DCC model with break in intercept from 1999 onwards 
SDCC-t stands for the scalar DCC model with determistic trend in intercept  
DDCC stands for the diagonal DCC model   
DDCC-d stands for the diagonal DCC model with break in intercept from 1999 onwards 
ADCC stands for the asymmetric diagonal DCC model  
ADCC-d stands for the asymmetric diagonal DCC model with break in intercept from 1999 onwards 
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Table 5 (continued): Likelihood ratio tests of alternative DCC models  

 Log Likelihood                                                        H0                        LR test                p-value               
Non-cyclical goods     
(1) CDCC -37222     
(2) SDCC -37214  (2) vs (1) 14.06 0.00 
(3) SDCC-d -37027  (3) vs (2) 374.55 0.00 
(4) SDCC-t -37214  (4) vs (2) 1.36 0.24 
(5) DDCC -37182  (5) vs (1) 65.78 0.01 
(6) DDCC-d -37012  (6) vs (3) 31.31 0.09 
(7) ADCC -37160  (7) vs (5) 42.57 0.01 
(8) ADCC-d -36995  (8) vs (6) 33.34 0.06 
Non-cyclical services     
(1) CDCC -31498     
(2) SDCC -31473  (2) vs (1) 49.03 0.00 
(3) SDCC-d -31331  (3) vs (2) 284.72 0.00 
(4) SDCC-t -31469  (4) vs (2) 7.64 0.01 
(5) DDCC -31448  (5) vs (1) 49.31 0.03 
(6) DDCC-d -31317  (6) vs (3) 27.74 0.05 
(7) ADCC -31437  (7) vs (5) 23.78 0.13 
(8) ADCC-d -31308  (8) vs (6) 17.57 0.42 
Information technology     
(1) CDCC -26681     
(2) SDCC -26648  (2) vs (1) 65.65 0.00 
(3) SDCC-d -26525  (3) vs (2) 245.29 0.00 
(4) SDCC-t -26638  (4) vs (2) 20.83 0.00 
(5) DDCC -26607  (5) vs (1) 81.27 0.00 
(6) DDCC-d -26506  (6) vs (3) 39.46 0.00 
(7) ADCC -26598  (7) vs (5) 18.33 0.15 
(8) ADCC-d -26498  (8) vs (6) 14.75 0.32 
Resources      
(1) CDCC -26958     
(2) SDCC -26946  (2) vs (1) 25.69 0.00 
(3) SDCC-d -26833  (3) vs (2) 224.43 0.00 
(4) SDCC-t -26944  (4) vs (2) 2.81 0.09 
(5) DDCC -26891  (5) vs (1) 108.24 0.00 
(6) DDCC-d -26812  (6) vs (3) 42.85 0.00 
(7) ADCC -26890  (7) vs (5) 2.97 1.00 
(8) ADCC-d -26803  (8) vs (6) 17.30 0.30 
Utilities      
(1) CDCC -23017     
(2) SDCC -23014  (2) vs (1) 5.36 0.07 
(3) SDCC-d -22959  (3) vs (2) 110.35 0.00 
(4) SDCC-t -23014  (4) vs (2) 0.28 0.60 
(5) DDCC -22998  (5) vs (1) 32.41 0.12 
(6) DDCC-d -22950  (6) vs (3) 17.99 0.16 
(7) ADCC -22991  (7) vs (5) 14.15 0.36 
(8) ADCC-d -22941  (8) vs (6) 18.05 0.16 
CDCC stands for the constant CC model   
SDCC stands for the scalar DCC model   
SDCC-d stands for the scalar DCC model with break in intercept from 1999 onwards 
SDCC-t stands for the scalar DCC model with determistic trend in intercept  
DDCC stands for the diagonal DCC model   
DDCC-d stands for the diagonal DCC model with break in intercept from 1999 onwards 
ADCC stands for the asymmetric diagonal DCC model  
ADCC-d stands for the asymmetric diagonal DCC model with break in intercept from 1999 onwards 
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Table 7: X² tests of the DCC model prediction for portfolio variance  
 CDCC SDCC SDCC-d DDCC DDCC-d ADCC ADCC-d 

Equal weights portfolio                                                                              
World country model                        1.07  1.04  1.04  1.04  1.04  1.04  1.03  
World sector model                         1.01  0.99  1.00  0.99  1.00  0.98  1.00  
Euro area country model                            1.08  1.07  1.04  1.04  1.04  1.03  1.04  
Euro area sector model                              1.01  1.00  1.00  1.00  1.00  0.99  1.00  
Country/sector models               
Basic industries 1.05  1.03  1.03  1.03  1.02  1.03  1.02  
Cyclical goods 1.11 ** 1.03  1.03  1.04  1.03  1.02  1.01  
Cyclical services 1.11 * 1.06  1.06  1.06  1.06  1.06  1.05  
General industries 1.07  1.03  1.03  1.03  1.02  1.02  1.02  
Total financials 1.12 ** 1.06  1.06  1.06  1.06  1.05  1.05  
Non-cyclical goods 1.08  1.04  1.04  1.04  1.03  1.02  1.02  
Non-cyclical services 1.15 *** 1.10 * 1.06  1.10 * 1.06  1.07  1.05  
Information technology 1.22 *** 1.12 ** 1.07  1.12 ** 1.06  1.10 * 1.05  
Ressources 1.02  1.00  1.00  1.00  1.00  1.00  0.99  
Utilities 1.05  0.99  0.99  0.99  0.99  0.97  0.97  
Minimum variance portfolio                                                                                         
World country model                        1.40 *** 1.38 *** 1.37 *** 1.36 *** 1.35 *** 1.37 *** 1.36 *** 
World sector model                         1.31 *** 1.28 *** 1.25 *** 1.26 *** 1.25 *** 1.26 *** 1.25 *** 
Euro area country model                            1.47 *** 1.44 *** 1.28 *** 1.26 *** 1.26 *** 1.26 *** 1.26 *** 
Euro area sector model                              1.50 *** 1.39 *** 1.34 *** 1.38 *** 1.32 *** 1.37 *** 1.33 *** 
Country/sector models               
Basic industries 1.21 *** 1.20 *** 1.16 *** 1.19 *** 1.16 *** 1.19 *** 1.15 *** 
Cyclical goods 1.34 *** 1.28 *** 1.26 *** 1.25 *** 1.24 *** 1.24 *** 1.22 *** 
Cyclical services 1.30 *** 1.29 *** 1.24 *** 1.25 *** 1.21 *** 1.24 *** 1.21 *** 
General industries 1.29 *** 1.26 *** 1.22 *** 1.25 *** 1.21 *** 1.24 *** 1.21 *** 
Total financials 1.40 *** 1.39 *** 1.37 *** 1.37 *** 1.33 *** 1.35 *** 1.32 *** 
Non-cyclical goods 1.14 ** 1.11 ** 1.11 ** 1.11 ** 1.12 ** 1.11 ** 1.11 ** 
Non-cyclical services 1.23 *** 1.21 *** 1.21 *** 1.20 *** 1.21 *** 1.19 *** 1.20 *** 
Information technology 1.42 *** 1.37 *** 1.35 *** 1.39 *** 1.35 *** 1.35 *** 1.33 *** 
Ressources 1.11 ** 1.06  1.04  1.06  1.05  1.06  1.04  
Utilities 1.04  1.00  0.99  1.00  0.98  0.99  0.98  
Maximum utility portfolio low risk aversion                                                                     
World country model                        1.01  1.02  1.04  1.04  1.05  1.04  1.06  
World sector model                         1.09 * 1.00  0.98  1.00  0.98  1.01  0.99  
Euro area country model                            0.96  0.97  0.97  0.98  0.99  0.99  1.00  
Euro area sector model                              1.01  1.04  0.99  1.05  1.00  1.06  1.01  
Country/sector models               
Basic industries 1.01  1.00  1.00  0.99  1.01  1.01  1.01  
Cyclical goods 1.05  1.00  1.01  0.98  1.01  1.01  1.03  
Cyclical services 1.00  0.99  0.99  1.00  0.99  0.99  0.99  
General industries 1.03  1.02  1.02  1.02  1.02  1.03  1.04  
Total financials 1.05  1.04  1.06  1.04  1.06  1.04  1.06  
Non-cyclical goods 1.06  1.04  1.04  1.04  1.04  1.06  1.05  
Non-cyclical services 1.09  1.05  1.01  1.05  1.01  1.07  1.02  
Information technology 1.15 *** 1.01  0.99  1.03  0.98  1.06  1.00  
Ressources 1.04  0.99  1.00  0.99  1.00  0.99  1.01  
Utilities 1.35 *** 0.99  1.00  0.99  1.00  0.99  1.01  
See the legend below. 
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Table 7 (continued): X² tests of the DCC model prediction for portfolio variance  

 CDCC SDCC SDCC-d DDCC DDCC-d ADCC ADCC-d 
Maximum utility portfolio medium risk aversion                                                                    
World country model                        1.07  1.08  1.10 * 1.10 * 1.10 * 1.10 * 1.12 ** 
World sector model                         1.12 ** 1.00  0.99  1.01  0.99  1.02  1.00  
Euro area country model                            1.19 *** 1.18 *** 1.14 ** 1.12 ** 1.15 *** 1.12 ** 1.13 ** 
Euro area sector model                              1.14 *** 1.11 ** 1.06  1.12 ** 1.05  1.13 ** 1.06  
Country/sector models               
Basic industries 1.04  1.02  1.01  1.00  1.01  1.02  1.02  
Cyclical goods 1.10 * 1.06  1.06  1.05  1.05  1.05  1.06  
Cyclical services 1.01  1.01  1.00  1.01  1.00  1.01  1.01  
General industries 1.07  1.05  1.06  1.05  1.05  1.06  1.07  
Total financials 1.08  1.07  1.08  1.07  1.07  1.06  1.07  
Non-cyclical goods 1.08  1.06  1.04  1.06  1.05  1.07  1.05  
Non-cyclical services 1.12 ** 1.09 * 1.07  1.09  1.07  1.10 * 1.07  
Information technology 1.20 *** 1.10 * 1.09  1.12 ** 1.08  1.14 ** 1.09 * 
Ressources 1.07  1.01  1.01  1.01  1.02  1.01  1.02  
Utilities 1.35 *** 0.99  1.00  1.00  1.00  1.00  1.01  
Maximum utility portfolio high risk aversion                                                                      
World country model                        1.31 *** 1.30 ** 1.30 ** 1.30 ** 1.28 ** 1.31 ** 1.30 ** 
World sector model                         1.25 *** 1.15 ** 1.14 ** 1.15 ** 1.14 ** 1.15 ** 1.14 * 
Euro area country model                            1.47 *** 1.45 *** 1.28 *** 1.25 *** 1.25 *** 1.25 *** 1.26 *** 
Euro area sector model                            1.43 *** 1.32 *** 1.26 *** 1.31 *** 1.25 *** 1.31 *** 1.25 *** 
Country/sector models               
Basic industries 1.15 *** 1.14  1.10  1.12  1.09  1.12  1.10  
Cyclical goods 1.28 *** 1.23  1.21  1.21  1.19  1.19  1.18  
Cyclical services 1.16 *** 1.16 ** 1.13 * 1.14 ** 1.11 * 1.13 * 1.11  
General industries 1.23 *** 1.20  1.17  1.19  1.17  1.18  1.17  
Total financials 1.26 *** 1.25 ** 1.25 ** 1.24 * 1.20 * 1.22 * 1.20 * 
Non-cyclical goods 1.13 ** 1.10  1.08  1.10  1.09 * 1.10  1.09  
Non-cyclical services 1.21 *** 1.18  1.18  1.18  1.18  1.17  1.17  
Information technology 1.37 *** 1.31 *** 1.31 *** 1.33 *** 1.30 *** 1.31 *** 1.30 *** 
Ressources 1.11 ** 1.05  1.04  1.05  1.05  1.05  1.04  
Utilities 1.20 *** 1.00  0.99  1.00  0.99  1.00  1.00  
CDCC stands for the constant CC model   
SDCC stands for the scalar DCC model   
SDCC-d stands for the scalar DCC model with break in intercept from 1999 onwards 
DDCC stands for the diagonal DCC model   
DDCC-d stands for the diagonal DCC model with break in intercept from 1999 onwards 
ADCC stands for the asymmetric diagonal DCC model  
ADCC-d stands for the asymmetric diagonal DCC model with break in intercept from 1999 onwards 

* indicates significantlly different from 1 at the 10% level. ** indicates significantlly different from 1 at the 5% 
level. *** indicates significantlly different from 1 at the 1% level. 
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Table 8: Average conditional correlation of each country/sector  
with all other countries/sectors                                                                    

 1990-2003 1990-1998 1999-2003      change 
World country model     
Austria 0.37 0.41 0.31 -0.10 
Belgium 0.45 0.45 0.46 0.01 
Denmark 0.42 0.41 0.44 0.04 
France 0.52 0.47 0.61 0.13 
Germany 0.53 0.49 0.61 0.12 
Ireland 0.43 0.42 0.44 0.02 
Italy 0.40 0.32 0.56 0.24 
Netherlands 0.54 0.52 0.58 0.06 
Spain 0.49 0.46 0.55 0.09 
Greece 0.28 0.26 0.32 0.06 
Portugal 0.39 0.37 0.42 0.06 
Finland 0.39 0.37 0.43 0.07 
Sweden 0.49 0.45 0.56 0.11 
Switzerland 0.48 0.47 0.50 0.03 
Norway 0.43 0.39 0.50 0.10 
United Kingdom 0.49 0.46 0.56 0.10 
Australia 0.37 0.32 0.47 0.15 
Hong Kong 0.35 0.31 0.42 0.12 
Japan 0.29 0.30 0.28 -0.01 
New Zealand 0.33 0.33 0.33 0.01 
Singapore 0.36 0.34 0.40 0.07 
Canada 0.38 0.33 0.49 0.16 
Mexico 0.31 0.27 0.39 0.12 
United States 0.37 0.32 0.46 0.14 

World sector model     
Basic industries 0.71 0.77 0.59 -0.18 
Cyclical goods 0.69 0.74 0.58 -0.16 
Cyclical services 0.76 0.80 0.67 -0.13 
General industries 0.76 0.80 0.68 -0.12 
Total financials 0.56 0.60 0.49 -0.10 
Non-cyclical goods 0.59 0.66 0.46 -0.20 
Non-cyclical services 0.65 0.73 0.50 -0.23 
Information technology 0.52 0.57 0.43 -0.14 
Ressources 0.73 0.76 0.66 -0.10 
Utilities 0.57 0.64 0.43 -0.21 
Conditional correlations estimated using the ADCC-d model with break in the intercept from 1999 onwards 
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Table 8 (continued): Average conditional correlation of each 
country/sector with all other countries/sectors.                                                                   

 1990-2003 1990-1998 1999-2003      change 
Euro area country model   
Austria 0.44 0.48 0.35 -0.13 
Belgium 0.54 0.54 0.52 -0.02 
France 0.58 0.54 0.65 0.11 
Germany 0.60 0.57 0.66 0.08 
Ireland 0.46 0.46 0.46 0.00 
Italy 0.46 0.37 0.62 0.24 
Netherlands 0.59 0.57 0.63 0.06 
Spain 0.55 0.52 0.62 0.10 
Greece 0.34 0.33 0.36 0.03 
Portugal 0.47 0.45 0.50 0.05 
Finland 0.41 0.40 0.42 0.02 

Euro area sector model     
Basic industries 0.73 0.79 0.61 -0.18 
Cyclical goods 0.69 0.75 0.59 -0.16 
Cyclical services 0.74 0.80 0.63 -0.16 
General industries 0.75 0.81 0.65 -0.15 
Total financials 0.74 0.78 0.66 -0.12 
Non-cyclical goods 0.68 0.79 0.48 -0.31 
Non-cyclical services 0.66 0.75 0.48 -0.27 
Information technology 0.60 0.67 0.47 -0.19 
Ressources 0.54 0.62 0.39 -0.23 
Utilities 0.62 0.69 0.49 -0.20 
Conditional correlations estimated using the ADCC-d model with break in the intercept from 1999 onwards 
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Table 9: Sharpe ratios associated with alternative portfolios                                                                            
 minimum 

variance 
max utility 

(high ra) 
max utility 

(low ra) 
equal 

weighted 
World country model  0.56 0.90 1.30 0.36 
World sector model 0.34 0.58 1.10 0.29 
Euro area country model  0.35 0.43 0.75 0.30 
Euro area sector model 0.50 0.64 1.02 0.35 
Country/sector models     
Basic industries 0.26 0.46 1.03 0.18 
Cyclical goods 0.28 0.47 1.13 0.20 
Cyclical services 0.31 0.76 1.56 0.27 
General industries 0.18 0.44 1.19 0.07 
Total financials 0.51 0.92 1.48 0.31 
Non-cyclical goods 0.63 0.93 1.28 0.49 
Non-cyclical services 0.40 0.54 0.93 0.32 
Information technology 0.06 0.35 1.51 0.28 
Ressources 0.54 0.71 1.01 0.31 
Utilities 0.61 0.84 1.08 0.59 
minimum variance stands for minimum variance portfolio      
max utility (high ra) stands for maximum utility portfolio for a highly risk-averse investor    
max utility (low ra) stands for maximum utility portfolio for a low risk-averse investor  
equal weighted stands for equal weighted portfolio      
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 Figure 1: Diversification measures for world country and world sector models 
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Conditional correlations estimated from the asymmetric DCC model with a dummy break since 1999 onwards. Goetzmann-

Li-Rouwenhorst variance ratio measure of diversification benefits. Anualized standard deviations of the weekly portfolio 
returns. Straight lines represent the results for the country model, dashed lines respresent the result for the sector model. 

The maximum uitlity portfolio is evaluated at the medium risk aversion. 
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Figure 1 (continued): Diversification measures for euro area country and euro area sector models 
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Conditional correlations estimated from the asymmetric DCC model with a dummy break since 1999 onwards. Goetzmann-

Li-Rouwenhorst variance ratio measure of diversification benefits. Anualized standard deviations of the weekly portfolio 
returns. Straight lines represent the results for the country model, dashed lines respresent the result for the sector model. 

The maximum uitlity portfolio is evaluated at the medium risk aversion. 



 

   43

Figure 2: International conditional correlation for the country/sector models 
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Conditional correlations estimated from the asymmetric DCC model with a dummy break since 1999 onwards. 
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  Figure 3: Volatility of the maximum utility portfolio for the country/sector models 
 

10

11

12

Std. Dev. Max Util Portfolio: Basic Industries

12
14
16
18
20
22
24

Std. Dev. Max Util Portfolio: Cyclical Goods

12

14

Std. Dev. of the Max Util Portfolio: Cyclical Services

12

14

Std. Dev. of the Max Util Portfolio: General Industries

1992 1994 1996 1998 2000 2002
10

15
Std. Dev. of the Max Util Portfolio: Total Financials

 

10

11

12

Std. Dev. Max Util Portfolio: Non-cyclical Goods

10

15

Std. Dev. Max Util Portfolio: Non-cyclical Services

15

20

25

30

Std. Dev. of the Max Util Portfolio: Information Technology

10

12

Std. Dev. of the Max Util Portfolio: Ressources

1992 1994 1996 1998 2000 2002

9

10

11

Std. Dev. of the Max Util Portfolio: Utilities

 
 



 

   45

 Figure 4: Sharpe ratio for world country and world sector model 
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Figure 4 (continued): Sharpe ratio for euro area country and euro area sector model 
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Straight lines represent the results for the country model, dashed lines respresent the result for the sector model. 
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Figure 5: Expected utility  from country portfolio minus expected utility  
from sector portfolio (for the world and euro area models) 
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Figure 6: Expected utility from international diversification for country/sector models 
minus world country Model 

-20

-10

0

Basic Industries - Country Portfolio

-60

-40

-20

0

Cyclical Goods - Country Portfolio

-20

-10

0

Cyclical Services - Country Portfolio

-20

-10

0
General Industries - Country Portfolio

-10
-5
0
5

Total Financials - Country Portfolio

 

-10

0

10

Non-cyclical goods - Country Portfolio

-40

-20

0
Non-cyclical services - Country Portfolio

-150

-100

-50

0
Inform. Technology - Country Portfolio

-20

-10

0

10

Ressources - Country Portfolio

1992 1994 1996 1998 2000 2002

-10

0

10

Utilities - Country Portfolio

 
 



 

   48

Figure 7: Impact of asymmetry on the average conditional correlation  
and portfolio volatility for the world country model and the world sector model 
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