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Aim of the paper 
 An alternative means for testing for convergence in applied 

macroeconomic data 
 Use of Random Matrix Theory (RMT) and hierarchical 

clustering as in Ormerod (2008), extended with unit root 
tests and Minimum Spanning Tree (MST) and Hierarchical 
Tree (HT) taxonomy on the coefficients distance matrix. 

 Compare results with the Nahar and Inder (2002) test of 
convergence 

 The paper examines the extent of convergence of the 
agricultural labour productivity among a set of 32 
European and Middle East and North Africa (MENA) 
countries. 

 Data: 1961-2004 extracted from FAOSTAT 



Methodology 
I Random matrix theory  
The study of matrices with random entries. A random correlation matrix could 

otherwise be defined as a correlation matrix of a set of independent random 
walks. RMT suggests that for an K × P matrix with random elements built on a 
Gaussian distribution with zero mean and unit variance, then in the limit K 
and P → ∞ such that Q = P/K fixed to greater that one. The probability density 
function of the eigenvalues of this correlation matrix is then given by: 

  
                    (1) 
  
 
 
where ,   
  
and λ is restricted to the interval [λmin, λmax]. 
  
The elements of an empirical correlation matrix could then be tested against 

those of a random matrix, thereby assessing the degree to which it is noise 
dominated: if the distribution of the eigenvalues correspond to the above 
distribution, then it is noise dominated; if it differs, then the empirical matrix 
contains true information as structure is present.  



Methodology 
Background on RMT 

Physics 

-Wishart (1929-1930), Wigener (1950’s), Mehta (1962- 
1967), Dyson (1960’s) 

Finance  

-Montegna (1999), Bouchaud & Potters (2009), etc.. All 
these papers are stored at http://arxiv.org/ 

-Econophysics 

Macroeconomic data 

- Ormerod P.,  Volterra Consulting.   

http://arxiv.org/
http://arxiv.org/
http://arxiv.org/


Methodology 
In addition, the Inverse Participation Rate (IPR) which is used to 

calculate the contribution of the different components of an 
eigenvector to its overall magnitude, will allow for determining 
the number of non-random eigenvector components, i.e. those 
that are significantly different from zero. The IPR for an 
eigenvector  is defined as: 

 
        
               (2) 

The interpretation of IPR can be somewhat insightful by 
considering the two following extreme cases: First, if the 
eigenvector has identical components,  

 then I is equal to  unity; second, an eigenvector with one 
component  and all the others equal to zero, then I =1. From 
these two cases, it can be concluded that IPR is related to the 
reciprocal of the number of vector components significantly 
different from zero. 
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Methodology 
II Minimum Spanning Tree, Hierarchical Tree  
Provided that the empirical correlation matrix yields true information, the nature 

of the correlation among the data can be then further analysed by means of 
clustering techniques 

In this paper, the properties of a correlation matrix are analysed by using the 
correlation between pairs of elements as a similarity measure and by applying a 
clustering algorithm to the correlation matrix (Tuminello, et al. 2010).  

This procedure allows for the creation of a hierarchical tree that distinctively 
creates data clusters with common properties.  

By assigning weights to each of the tree’s edges it is possible to compute the sum 
of the weights of the edges in that spanning tree and develop a Minimum 
Spanning Tree (MST), i.e. the one with weight less than or equal to the weight 
of every other spanning tree.  

The matrix of correlation coefficients was converted into distance indicators that 
are viewed as measure of (dis)similarity among (clustered) groups. Distances 
were calculated using the Nearest-Neighbour method, while the distance 
measure used to transform the original correlation coefficient matrix was 
derived as follows: 

dij =((1-2ρij))
0.5         (3)  

where ρij is the correlation coefficient between variables i and  j.  
The implementation of the cluster analysis reliedon the use of Kruskal’s algorithm 
 



Methodology 
III Nahar and Inder (2002) test  
Advantages: 

 Allows for country-specific estimates of convergence  

 Allows for non-stationary processes to converge  

Based on a regression of the squared demeaned agricultural labour level 
on a time trend: 

 

 

the agricultural labor productivity gap of each other country in the 
sample from the leading one 

The convergence hypothesis can be tested by considering the average 
slope of the eq. which has to be positive and significant for 
convergence to hold:  
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Results: I. Unit root tests 
 Three relevant tests were applied, Weighted 

Symmetric (WS), Dickey-Fuller (DF) and Phillips-
Peron (PP). 

 All labor productivity time series expressed in 
logarithm have a unit root in levels but are stationary 
in first order differences.  

 Agricultural labour productivity data used in this 
paper are integrated series of order one, i.e. I(1). 



Table 1: Unit root tests

WS DF PP WS DF PP WS DF PP WS DF PP

-1.982 -1.695 -7.124 -3.686 -3.472 -41.413 -1.914 -1.749 -11.270 -2.416 -2.792 -59.980

0.661 0.752 0.653 0.012 0.042 0.001 0.705 0.729 0.356 0.348 0.200 9.45954D-06 

-2.805 -4.044 -21.453 -5.327 -4.659 -37.966 -2.019 -1.893 -7.259 -4.108 -3.834 -43.258

0.143 0.008 0.053 0.000 0.002 0.001 0.635 0.658 0.643 0.003 0.015 0.000

-1.520 -1.977 -7.646 -4.188 -4.119 -52.603 -1.916 -3.944 -15.448 -2.115 -1.427 -38.198

0.886 0.614 0.612 0.003 0.006 0.000 0.703 0.010 0.171 0.567 0.853 0.001

-1.534 -2.110 -6.424 -3.554 -3.020 -57.273 -1.627 -1.800 -4.133 -3.278 -2.980 -37.516

0.881 0.540 0.711 0.017 0.057 0.002 0.849 0.705 0.879 0.040 0.138 0.002

-1.169 -2.306 -7.692 -3.237 -3.017 -37.753 -2.678 -2.093 -34.391 -3.271 -4.282 -58.282

0.957 0.431 0.608 0.044 0.127 0.000 0.196 0.550 0.003 0.034 0.003 0.000

-2.404 -2.019 -11.370 -3.607 -3.493 -49.790 -0.608 -2.258 -2.499 -1.737 -1.922 -32.959

0.356 0.591 0.351 0.015 0.017 0.000 0.992 0.457 0.956 0.802 0.643 0.005

-2.082 -3.650 -8.883 -3.751 -3.503 -53.845 -1.352 -1.744 -7.642 -3.944 -3.422 -53.920

0.591 0.026 0.516 0.010 0.040 0.000 0.927 0.731 0.612 0.013 0.049 0.000

-1.445 -2.903 -3.757 -3.211 -3.857 -38.996 -2.067 -2.058 -12.885 -3.649 -3.414 -58.249

0.906 0.161 0.900 0.047 0.014 0.001 0.601 0.569 0.272 0.013 0.050 0.000

-3.090 -2.207 -16.380 -4.108 3.777 -39.210 -2.222 -1.172 -8.733 -4.463 -4.270 -52.797

0.066 0.486 0.143 0.003 0.018 0.001 0.487 0.916 0.527 0.001 0.004 0.000

-1.899 -1.967 -24.168 -2.835 -3.400 -56.113 -2.104 -2.117 -7.940 -3.758 -3.716 -54.279

0.714 0.619 0.030 0.132 0.051 0.000 0.575 0.536 0.588 0.010 0.021 0.000

-1.553 -2.412 -13.218 -3.439 -3.392 -32.804 -3.564 -2.469 -25.061 -4.922 -4.645 -55.725

0.875 0.373 0.256 0.024 0.052 0.005 0.017 0.343 0.025 0.000 0.001 0.000

-1.618 -0.892 -7.644 -4.409 -4.810 -51.170 -2.913 -2.180 -17.969 -3.774 -3.222 -43.583

0.853 0.957 0.612 0.001 0.000 0.000 0.107 0.501 0.105 0.009 0.080 0.000

-1.371 -1.413 -3.993 -3.033 -2.737 -49.796 -2.000 -1.600 -20.232 -4.124 -3.985 -64.712

0.923 0.857 0.887 0.078 0.221 0.000 0.648 0.792 0.067 0.003 0.009 3.09785D-06 

-1.068 1.123 -2.700 -4.429 -3.398 -38.057 -3.516 -3.223 -32.438 -5.154 -4.389 -49.096

0.968 1.000 0.949 0.001 0.052 0.001 0.019 0.080 0.005 0.000 0.002 0.000

-1.068 -2.021 -3.960 -3.582 0.700 -61.705 -0.754 -0.554 -3.630 -3.070 -3.043 -60.575

0.968 0.590 0.889 0.016 0.997 6.30124D-06 0.987 0.982 0.907 0.070 0.120   8.22224D-06   

-2.266 -3.154 -12.526 -4.740 -2.649 -48.604 -0.327 -1.712 -5.117 -4.381 -4.120 -50.191

0.454 0.094 0.289 0.001 0.258 0.000 0.996 0.746 0.813 0.001 0.006 0.000

Levels First Difference Levels First Difference

Turkey

UK

Portugal

Romania

Spain

Sweden

Syria

Tunisia

Poland

Hungary

Ireland

Israel;

Italy

Jordan

Lebanon

Libya

Malta

Morocco

Netherlands

Norway

Greece

Albania

Algeria

Austria

Bel_Lux

Bulgaria

Cyprus

Denmark

Egypt

Finland

France

Germany



Results: II. RMT 
 Table 2 summarises the results from the analysis of the matrix of correlation 

coefficients for the whole sample period (1962-2004) and three other sub-
periods (1962-1994, 

 the maximum and the second highest eigenvalues are reported for each period. 
For all periods, the maximum eigenvalue is outside the permissible range for 
eigenvalues that are derived from a random matrix. For instance, regarding the 
whole sample period, the highest eigenvalue is equal to 4.889, followed by a 
second one equal to 3.347.  The maximum theoretical eigenvalue 
corresponding to a purely random matrix of 32 variables with 43 observations is 
equal to 3.461.   

 In addition, for all periods, the second highest eigenvalue is always within the 
range of the lower and upper bounds associated with eigenvalues obtained with 
a random matrix of the same size as the matrix of coefficients of correlation for 
which the eigenvalues have been obtained.  

 Hence, the correlation coefficient matrix does not have random elements, 
which ascertains that there is indeed a systematic pattern in the labour 
productivity data evidencing at least some kind of weak convergence among 
EUROMED countries 1962-1998 and 1962-1998.  



Table 2: Eigenvalues of the correlation matrix

Time period 
Max 

eigenvalue

Second 

highest 

eigenvalue

Max. Theoretical 

Eigenvalue

1962-1994 5.014 3.549 3.939

1962-1995 4.956 3.519 3.881

1962-1996 4.919 3.612 3.827

1962-1997 4.878 3.627 3.775

1962-1998 4.828 3.556 3.725

1962-1999 4.760 3.524 3.677

1962-2000 4.767 3.388 3.632

1962-2001 4.815 3.394 3.589

1962-2002 4.780 3.371 3.547

1962-2003 4.782 3.303 3.508

1962-2004 4.889 3.347 3.470



Results: II. RMT 
 The Inverse Participation Rate (IPR) allows for 

determining the degree of each country’s contribution 
to the non-random eigenvector. As shown in Table 3, 
the IPR is 0.0739, and the countries with the highest 
contribution are Belgium-Luxembourg, Netherlands, 
Germany, UK and France. The inverse of the IPR ration 
is 13.51, which has to be compared to the total number 
of variables (country’s productivity) which is equal to 
32 



Table 3: IPR and countries' contribution to the eigenvector

IPR 0.0739

Albania 0.0002 Jordan 0.0286

Algeria 0.0228 Lebanon 8.1227

Austria 2.8294 Libya 0.0018

Bel-Lux 12.5819 Malta 0.0205

Bulgaria 0.0477 Morocco 0.3097

Cyprus 0.1863 Netherland

s

17.4772

Denmark 2.2051 Norway 5.0798

Egypt 0.0011 Poland 0.0008

Finland 0.0009 Portugal 2.3725

France 9.7163 Romania 0.0006

Germany 13.6551 Spain 0.0939

Greece 0.0059 Sweden 5.1723

Hungary 0.1201 Syria 0.0625

Ireland 1.5991 Tunisia 0.0019

Israel 0.6770 Turkey 1.1301

Italy 0.0070 UK 16.4691

Contribution of each economy (%)



Results: III. MST - HT 
 Belgium-Luxembourg and the Netherlands are the two countries that are 

closest to each other, as demonstrated by the lowest distance figure (0.7275).  
 Most clusters that are formed by the MST make a meaningful sense, as they are 

plausible with only a few exceptions.  
 Some quite distinct clusters are detected, such as the ‘core EU’ (Belgium-

Luxembourg, Netherlands, UK, Germany, France), the ‘Middle East’ (Israel, 
Jordan, Lebanon, Turkey, Syria, Cyprus, and Albania), the ‘Nordic’ (Sweden, 
Finland, Denmark, Poland, Norway and Spain), the ‘North Africa’ (Algeria, 
Morocco, Tunisia, Libya, Egypt, Malta, Portugal and Ireland) and the 
‘Mediteranean EU’ (Italy and Greece).  

 It appears that only Albania, Spain and Ireland are placed into clusters with 
countries with completely different characteristics regarding their domestic 
agricultural sectors.  

 Interestingly, the graph related to the distance matrix, is quite similar to the 
MST as again, in most instances the clusters formed are comparable to the ones 
from the MST approach.  

 In addition, the very first group of countries formed under the MST 
specification, coincides with the calculation of the IPR in the previous section: 
Belgium-Luxembourg, Netherlands, Germany, UK and France are here the 
countries with the minimum distance, just as they were found to have the 
highest contribution to the magnitude of the eigenvector 



Graph 1a: MST of the distance matrix, agricultural labour productivity,  1962-2004 
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Graph 1b: HT of the distance matrix, agricultural labour productivity,  1962-2004 



Results: IV. Nahar and Inder test 
 The average of Belgium-Luxembourg and the Netherlands is taken as 

the group leader. Their average agricultural labour productivity level is 
consistently the highest throughout the sample period, while in 
addition, the preceding MST and HT approach demonstrated that 
these two countries’ characteristics  have the minimum distance and 
form the first cluster in the group with the minimal pair-wise distance 

 Convergence is indeed evident but not uniform throughout the 
sampled countries. Based on the average slope estimates of the squared 
demeaned agricultural labour productivity levels, convergence in the 
whole period (1962-2004) appears to be accepted for 13 countries, 
whereas by contrast, evidence of divergence is provided for only five 
countries (France, Israel, Lebanon, Libya and Spain).  

 Turning to the two sub-periods, results are generally comparable to the 
whole period, although there are instances with different outcomes. 
Interestingly, in the period 1962-1999 there is only one country that is 
significantly diverging (Lebanon) and 16 countries that are significantly 
converging to the group leader’s level.  





Conclusions 
 Results suggest that the empirical correlation matrix contains 

true information rather than noise and provide evidences of 
agricultural labour productivity convergence among the sampled 
countries. Hierarchical cluster analysis and associated Minimum 
Spanning Trees identified the formation of distinct groups of 
countries that exhibit a common growth trend over time. 

 The analysis in this paper demonstrated the usefulness of this 
approach as an alternative means for testing for convergence 
among time series data.  

 The main advantage of this two-step methodology is that both 
RMT, as well as MST and HT are straightforward to apply, while 
results are comparable to other time series tests of convergence.  

 Still, there are some limitations of RMT when applied to 
macroeconomic data: due to the small sample sizes available, 
more tests need to be developed in order to further sustain the 
robustness of the RMT approach. 


