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Abstract 
The appreciation of ecological footprint has been increasing since the study of ‘Stiglitz – 

Sen – Fitoussi’.1 At the same time, due to the methodological and standardized problems 

and the shortcomings of data collection, its accuracy can be questioned. In our study we 

were looking for countries with structurally different from the average ecological 

footprints, with the help of cluster analysis, in a database used by calculating the 

ecological footprint index of Global Footprint Network. Comparing the data of two certain 

years, we are trying to find an answer for the question if outlier data could be traced back 

to professional reasons of data collecting problems. The consequences of faulty and 

unreliable data can not lead to the expected results; it can make the situation even worse. 

The most essential result of our study can be the correction of failures of the database and 

establishing a reasoned statistical background for better decisions. 
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1. INTRODUCTION 

One of the most significant economic and economic-policy tasks of recent years is 
                                                 
1 STIGLITZ, JOSEPH E. – SEN, AMARTYA – FITOUSSI, JEAN-PAUL (eds.): Report by the 

Commission on the Measurement of Economic Performance and Social Progress., 
Available at: http://www.stiglitz-sen-fitoussi.fr/documents/rapport_anglais.pdf [cit. 2014-
06-11]. 
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the reform, the correction and the completion of the GDP, which is a macro-
economic production index. Some researchers even consider the malfunction of 
GDP as a sign of the total failure the current mainstream economic theory and call 
for a new economic paradigm,2 because less comprehensive, operative tools does 
not seem to improve the situation significantly.3 The researchers tried to replace 
the GDP, but so far none of them were successful,4 GDP and the other SNA 
indicators are still in the center of the dialogue.5 The development of national 
accounts was set in many ways due to the concerns related to environmental 
problems caused by the increasing economy from the 1970s.6 It should also be 
noted that this approach of development had a powerful impact on land use. This 
case stimulates scientific study of urban structures7 and scientific debates on the 
sustainability of these areas.8 Researchers have developed several indicators in the 
past decades as a result of the improvement of additional GDP-based or 
substituting alternative indicators. One of the most completed overview of the 
findings of recent years can be found in the article of Bleys.9 The author is not 
willing to determine the exact number of alternative indicators however, Brent 
Bleys presents almost 200 indicators and various opportunities for their use in 
clustering methods. The study of Vackár10 is outstanding; preparing examinations 
                                                 
2 TÓTH, GERGELY: A fenntarthatóság gazdasági paradigmája felé, in RÓBERT, PÉTER (ed): 
Gazdaság és morál: tisztatársadalom, tisztagazdaság, Kautz Gyula Emlékkonferencia, 
June 12, 2012. Széchenyi István Egyetem, Győr. Available at: http://kgk.sze.hu/images/do 
kumentumok/kautzkiadvany2012/vallalkozas/tothg.pdf [cit. 2014-06-11]. 
3 TÓTH, GERGELY: Környezeti teljesítményértékelés, 2001, KÖVET, Budapest. 
4 CSISZÁRIK-KOCSIR, ÁGNES: Mit hozott a válság Keleten és Nyugaton? – avagy a 
makroadatok alakulása Magyarországon és Németországban a válság előtt és után. A 

világgazdaság és világpolitika – A „Nyugat” és a „Kelet” változó geopolitikai erőterében, 
Széchenyi István Egyetem és az MTA VEAB közös konferenciája, Győr, 2014. május 15., 
(under press) 
5 CSISZÁRIK-KOCSIR, ÁGNES – FODOR, MÓNIKA: Mennyire befolyásolták a 
makrogazdasági mutatószámok a költségvetési helyzetképet a válság előtt és után? – 
eredmények a Visegrádi négyek országcsoport adatai alapján. Vállalkozásfejlesztés a XXI. 

században III. – Tanulmánykötet, 2013, Óbudai Egyetem, Keleti Károly Gazdasági Kar, 
91-101. Available at: http://kgk.uni-obuda.hu/sites/default/files/05_Csiszarik-Fodor.pdf 
[cit. 2014-06-11]. 
6 LAWN, PHILIP: A stock-take of green national accounting initiatives, in Social Indicators 

Research, Vol. 80. Issue 2. (2007), 427-460. 
7 GDP can also be used for revealing spatial economic concentrations and examining urban 
structures. See SZABÓ, DÁNIEL RÓBERT: Policentrikus Magyarország: Problémák és 
lehetséges stratégiák, in KARLOVITZ, JÁNOS TIBOR (ed.): Kulturális és társadalmi 
sokszínűség a változó gazdasági környezetben, 2014, International Research Institute, 
Komárno, 18-25. 
8 PINTÉR, TIBOR: Policentrizmus, nagyvárosi terek Magyarországon és világszerte, in Acta 

Scientiarum Socialum, Vol. 2. (2011), 23-32. 
9 BLEYS, BRENT: Beyond GDP: Classifying Alternative Measures for Progress, in Social 

Indicators Research, Vol. 109. Issue 3. (2012), 355-376. 
10 VACKÁR, DAVID: Ecological Footprint, environmental performance and biodiversity: A 
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aiming at exploring the connections among indicators in a correlation matrix of 27 
alternative indicators. Detailed analysis about the relation among GDP, ecological 
footprint and happiness can be read in the article of Kocsis,11 in which the 
influences and consequences of various developmental ways for Hungary are 
outlined. The environmental sustainability would often requires the decrease of the 
GDP per capita in the so-called developed countries among the possible and 
positive future prospects. Various indicators are important on a global level, but 
we think that it could be also on a macro regional level too, for example the 
interpretation of the indicators could be also important in the cohesion policy of 
the EU. Also the local actors (civil organisations, firms, etc.) can contribute to the 
success of the cohesion policy,12 so they can also contribute to the utilizations of 
the indicators by a wide range of the actors. 

Researchers have been applying and developing one of the most well-known 
alternative indicator, eco-footprint for 20 years. The appreciation of the footprint 
has been increasing since the study of Stiglitz – Sen – Fitoussi. At the same time, 
due to the methodological and standardized problems and the shortcomings of data 
collection, its accuracy can be questioned. In recent years, several assessments and 
criticisms have been published about the research of Stiglitz, mainly as a result of 
social studies.13 
Ecological footprint (EF) 

The Ecological Footprint means that how much productive field is needed for 
a human society to maintain itself and to process the manufactured waste beside a 
given technological development. The measurement unit of the Ecological 
Footprint is the global hectare/person (gha). Footprint tendencies show the 
impossibility of sustaining long term economic growth. We have long been aware 
of the overconsumption of developed countries, but the ‘under-consumption’ of 
lesser developed countries used to compensate for this. Even in 1960, bio-capacity 
– the output from biologically valuable land – was 2-3 times greater than that is 
consumed per person globally. According to the opinion of the European 
Commission, ecological footprint and carbon-dioxide footprint are together those 
environmental indexes, which can fill the role of an overall environmental index, 
however, the circle of their application is restricted. We can download the 
ecological footprint data of 142 countries from the homepage of the Global 
Footprint Network and estimations for further 9 countries can be found in the 
database, including the calculation of the Happy Planet Index. The most 
widespread criticism against Ecological Footprint Index is that it does not contain 

                                                 
cross-national comparison, in Ecological Indicators, Vol. 16. (2012), 40-46. 
11 KOCSIS, TAMÁS: „Hajózni muszáj” A GDP, az ökológiai lábnyom és a szubjektív jóllét 
stratégiai összefüggései, in Közgazdasági Szemle, Vol. 57. Issue 6. (2010), 536-554. 
12 REISINGER, ADRIENN: Civil/non-profit szervezetek a kohéziós politikában – elméleti 
alapok, in Tér és Társadalom, Vol. 26. Issue 1. (2012), 41-66. 
13 TSAI, MING-CHANG: If GDP is not the answer, what is the question? The juncture of 
capabilities, institutions and measurement in the Stiglitz-Sen-Fitoussi report, in Social 

Indicators Research, Vol. 102. Issue 3. (2011), 363-372. 
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neither social factors nor people’s satisfaction. This index is not suitable for 
catching all the aspects of sustainability although it is often mentioned among the 
sustainability indicators. However, this criticism is irrelevant since the creators of 
the ecological footprint have never claimed that, for instance, it would be a 
composite indicator, such as the HDI or ESI, which include more pillars of 
sustainability. The Ecological Footprint gives information about the application of 
hypothetic area, it does not promise anything more or less.14 The Ecological 
Footprint is applied on more levels from the beginning of measurement by its 
creators.15 Besides global evaluation in order to compare the spatial demands of 
the consumption with the disposable biological capacity they also use national, 
regional, settling and individual EF indicators. The general recognition of this 
index differs considerably in different application areas while the global EF is 
considered to be the best index of the „sustainability”16 its spatial application is 
criticised from more sides. For this reason, the national use of Ecological Footprint 
must be treated with increased caution. The values of this indicator are more than 
0, although it does not have a top limit. The smaller the value of the index is, the 
more favourable the case is. 

The Global Footprint Network17 (GFN) applies the ecological footprint (EF) 
for countries and the whole world. The national results as well as global trends can 
be downloaded by land-use categories from the website of the institution. The GFN 
prepares guidelines and information for the calculation.18;19 We are able to establish 
homogeneous groups based on the components of ecological footprint as well as 
on the relationship between the ecological footprint and bio-capacity. The footprint 
structure is fundamentally determined by the characteristics of living style as well 
as the geographical and financial situation of the country, so certain groups of 
countries are well-defined regarding geographical and income perspectives. 

One of the most significant critics of the territorial application of the index is 

                                                 
14 CSUTORA, MÁRIA: Az ökológiai lábnyom számításának módszertani alapjai, in 
CSUTORA, MÁRIA (ed): Az ökológiai lábnyom ökonómiája, 2011, Aula Kiadó, Budapest, 
12. 
15 REES, WILLIAM – WACKERNAGEL, MATHIS: Urban ecological footprints: why cities 
cannot be sustainable and why they are a key to sustainability, in Environ Impact Assess, 
Rev. 16. (1996), 223-248. 
16 STIGLITZ – SEN – FITOUSSI: op. cit. 70-72. 
17 You can find detailed information about the institution and co-operation possibilities as 
well as about the publications related to GFN: www.footprintnetwork.org. 
18 KITZES, JUSTIN – GALLI, ALESSANDRO – RIZK, SARAH – REED, ANDERS – 
WACKERNAGEL, MATHIS: Guidebook to the National Footprint Accounts. 2008, Global 
Footprint Network, Oakland, available at: http://www.footprintnetwork.org/en/index.php 
/GFN/page/methodology [cit. 2014-06-11]. 
19 EWING, BRAD – REED, ANDERS – GALLI, ALESSANDRO – KITZES, JUSTIN – 
WACKERNAGEL, MATHIS: Calculation methodology for the National Footprint Accounts, 

2010, Global Footprint Network, Oakland, available at: http://www.footprintnetwork 
.org/images/uploads/National_Footprint_Accounts_Method_Paper_2010.pdf [cit. 2014-
06-11]. 
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that the borders of the countries were established based on geo-political and 
cultural aspects. For this reason, these do not or not by all means have 
environmental meaning; that is why they usually divide connecting ecosystems. In 
this aspect, the EF calculation within the natural borders is applicable for straighter 
conclusion. At the same time, nations are the largest decision-making body, so 
environmental intervention can be done in the first place in this frame. For this 
reason, one of the suggestions of the spatial calculation’s critics is that the index 
should not be used in spatial instead of temporal analyses: ‘The per capita EF is 
neither very informative about the spatial distribution of the impacts nor the causes 
of environmental pressure’.20 

In our study we are examining the extreme outlier data included in the GFN 
database for 2010 and 2011. We are looking for those countries whose ecological 
footprint structure differs significantly from the average value. Comparing the data 
of two years, we are trying to find answers for the question if the outlier data can 
be traced back to professional reasons or data collecting problems. 

2. MATERIAL AND METHOD  

The GFN database gives the ecological footprint of certain countries between 1961 
and 2008 (Table 1). The increase of EF has gone with the transformation of the 
structure, which means that the carbon footprint has increased fivefold and the 
carbon-dioxide emission is responsible for more than half of the EF presently. 
Behind the seemed unambiguous global tendency, significant individual national 
differences can be realized. 

We conducted our analyses with the application of IBM SPSS20 programme 
package and we relied on the database analyses manual of Sajtos and Mitev21 by 
selecting the methods and assessment of the results. The ranking was performed 
with the help of cluster analyses. 
 

 

 

 

                                                 
20 VAN DER BERGH, JEROEN C. J. M. – VERBRUGGEN, HARMEN: Spatial sustainability, trade 
and indicators: an evaluation of the ‘ecological footprint’, in Ecological Economics, Vol. 
29. Issue 1. (1999), 61-72. 
21 SAJTOS, LÁSZLÓ – MITEV, ARIEL: SPSS kutatási és adatelemzési kézikönyv, 2007, Alinea 
Kiadó, Budapest. 
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Table 1: The structure and size of global ecological footprint between 1961 and 
2008 (global hectare (gha) / person).22 

According to our hypothesis, the failures in the database of the ecological 
footprint indicator can be discovered with statistical methods (in the first place, 
with the help of hierarchical and non-hierarchical cluster examination). We are 
able to establish homogeneous groups based on the components of ecological 
footprint, as well as on the relationship between the ecological footprint and bio-
capacity. The footprint structure is fundamentally determined by the characteristics 
of living style as well as the geographical and financial situation of the country, so 
certain country groups are well-defined regarding geographical and income 
perspectives. We apply vectors inclinations to compare the structures of ecological 
footprint of the countries within the relevant groups. With this examination, we are 
able to determine if the structures of the ecological footprint of the countries ranked 
in the given group resemble more the groups or the average. 

We applied GFN database for 2010 and 2011 for our research. We used 
graphic method, boxplot diagram for mapping the outliers. Then in the second part 
of our research we discovered that a linear relationship can be realized among the 
six ingredients of EF in pairs. We indicated the values of Pearson’s correlation 
coefficient in correlation matrix (Table 2). Since cluster-analysis is very sensitive 
to the appearance of outliers, we checked the outstanding data with the nearest 
neighbour method before every examination and excluded these values further on. 
From the perspective of assessment of the results, it is important that we did not 
exclude the outstanding values of certain data although those, which would have 
created single group. The data applied in the study are measured on same metrical 
scale for this reason we used non-standardized data. In co-operation with two 
independent variables trio, as well as five variables-we excluded the cropland 
footprint because of the strong multi-collinear method-, we conducted hierarchical 
cluster analyses with analyses of variance: with the ‘Nearest neighbour’ and 
Ward’s methods. Clustering was performed, in cases when it was necessary, with 
K-means cluster, and not with hierarchical method, which was followed by 
summarizing the results with analysis of contingency tables. 

                                                 
22 In the following we are going to refer to the abbreviation in brackets in the table as 
territorial categories. Source: Database of GFN in the 2011 edition. 
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The aim of conducting cluster-analyses in the first place was not to limit the 
country teams with similar characteristics, however, to identify the outstanding 
values as well as the outlier ones. 

3. FINDINGS 

Based on the statistical data of 150 countries, Table 2 shows the formation of linear 
correlation coefficient of the components of the ecological footprint. Pearson’s 
correlation coefficients marked in the cells show significant relationship between 
certain components of ecological footprint while others are independent. Since 
strong relationship cannot be noticed anywhere, in principle, there is nothing to 
prevent us from withdrawing all of the variables from the cluster-analyses. Table 
2 shows the examination of the 2010 edition database, however, the investigation 
of the 2011 edition shows similar results. 

Table 2: The matrix of correlation coefficient from Pearson.23 

We conducted our first cluster analysis in our research with five variables, 
however we did it with three variables in our second study. 

In our first examination, due to the stronger than mid-range relationship 
between cr and ca, as well as the cr and bu variables, we conducted the examination 
with 5 variables excluding cr. The outliers – revealed with nearest neighbour 
method – are: regarding the data of 2010 edition year, Mongolia; Uruguay; 
Australia; Qatar and United Arab Emirates, we received similar results with the 
use of database in 2011 edition,the results made with similar methods are also 
similar however, Kuwait presents among the outliers instead of Australia. We 
examined the cluster-analyses of three-four, and five cluster solutions without 
outlier values, nevertheless none of them provided appropriate result, the grouping 
of countries cannot be performed clearly based on the examined variables.  

Based on independent variables trios (gr, fi, fo and fi, gr, bu) they canbe 
separated in pairs. Continuing our examination, in order to eliminate the deviations 
because of correlation (Table 2), we repeated the analyses with the two variables 
group as well. 

In our second study, we performed cluster-analyses with the use of gr, fi, and 

                                                 
23 Source: Own examination based on GFN 2007, 2010 edition. 
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fo variables and we excluded Mongolia and Uruguay as they proven to be outliers 
according to the nearest neighbour method. Regarding the method of Ward, used 
by the first case (the examination was done by 3-7 clusters), we did not receive 
any appreciable results. Neither the nearest neighbour method analyses, nor the K-
means hierarchical cluster-analyses brought solutions in this question. 
 

Ward’s method (gr, fi, bu) 2010 gr fi bu 

1 Mean 0.166 0.010 0.072 
N 112 112 112 
StDev 0.119 0.099 0.053 

2 Mean 0.723 0.059 0.093 
N 18 18 18 
StDev 0.188 0.073 0.096 

3 Mean 0.138 1.963 0.040 
N 3 3 3 
StDev 0.066 0.206 0.039 

4 Mean 1.639 0.081 0.045 
N 3 3 3 
StDev 1.136 0.077 0.022 

5 Mean 1.161 0.726 0.114 
N 14 14 14 
StDev 1.189 0.291 0.067 

Total Mean 0.261 0.190 0.077 
N 150 150 150 
StDev 0.300 0.338 0.061 

Table 3: Clusters (5 clusters solution).24 

We continued the examination with the other three independent trio variables 
(fi; gr; bu) after excluding the outliers (Mongolia, Uruguay), as a result of 
hierarchical cluster-analyses as well as Ward’s method, based on the database of 
2010 year, we came to similar conclusions (Table 3). The best seemed to be to list 
the countries into five clusters, according to two methods, three clusters were 
completely the same, in which a three member group was established, including 
the Gambia, Mauritius and Norway. This group, which is considered to be stable, 
has not been established in 2011. 

4. RESULTS 

Revealed during our analyses, in all three cases Mongolia and Uruguay can be 
found among the outliers in both examined years. We were looking for the reasons 
for this while examining the structure of the ecological footprint of these two 
countries. 
                                                 
24 Source: Based on the database of GFN 2007, 2010 edition. 
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Figure 1: Times series of grazing land footprint (gha/person).25 

Based on Table 1 the most significant ingredient of the average ecological 
footprint26 is the carbon footprint (and the grazing-land footprint) account for10 % 
of the whole footprint. On the contrary, the grazing-land footprint of the ecological 
footprint of Mongolia is 70% and of Uruguay is 60%, which are considered to be 
extreme outliers. Their grazing-land footprint means 10 times of the world average 
and this also means to be extreme outlier (Figure 1).  

 

 
Figure 2: Time series of fishing ground footprint (gha/person).27 

 

Based on the cluster-analyses conducted on the data of 2011 year, the group 
                                                 
25 Source: Based on the database of GFN of 2011 year of own edition. 
26 There are some small differences between the arithmetic average of the national data 
shown here – in other words the “average ecological footprint” and the structure and the 
size of the global ecological footprint outlined in Table 1 – due to methodological reasons. 
27 Source: Based on the database of GFN of 2011 year of own edition. 
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with invariant and homogenous characteristics are proven to be interesting due to 
the differences of its members. The reason for this lays in the structure of 
ecological footprint since we can realize that Gambia, Mauritius and Norway with 
remarkably different geographical, cultural and economical characteristics have 
one common feature (Figure 2); their fishing-ground footprint includes 38-58% of 
their own footprint. 

This prominently high fishing-ground footprint value is 9-11 times more than 
the world average. Examining the database of 2011year, Gambia cannot be 
discovered among the extreme outliers, even its fishing-ground footprint is the 
same as the world average – 0.1 gha/person – according to the database. 
 

 average Gambia Mauritius Norway 

average x 1.155 x x 
Gambia 1.155 x x x 
Mauritius 0.705 0.540 x x 
Norway 0.755 0.454 0.266 x 
  Norway Denmark Sweden Finland 
Norway x x x x 
Denmark 0.684 x x x 
Sweden 0.781 0.466 x x 
Finland 0.884 0.415 0.468 x 

Table 4: Angle of vectors (Radian).28 

The smaller the angle of the vector, the closer they are to each other’s structure 
(pairwise is calculated). Therefore, the Norwegian EF structure closely resembles 
the structure of Gambia, such as Sweden. This fact might indicate serious 
inconsistencies in the database (Table 4). 

5. CONCLUSIONS 

While it is said to be the best indicator of „unsustainability”29 on global level,30 the 
appreciation of the ecological footprint indicator considerably varies in different 
application areas, its spatial application is criticized from many angles.31;32 
                                                 
28 Source: Database of GFN in 2011 edition. 
29 TÓTH GERGELY – SZIGETI CECÍLIA: Az emberiség ökolábnyoma Kr.e. 10.000-től 
napjainkig. LV. Georgikon Napok, Pannon Egyetem, Georgikon Kar, September 26-27, 
2013. Keszthely, available at: http://napok.georgikon.hu/cikkadatbazis-2012-2013/ 
doc_view/121-toth-gergely-szigeti-cecilia-az-emberiseg-okolabnyoma-kr-e-10-000-tol-
napjainkig [cit. 2014-06-11]. 
30 STIGLITZ – SEN – FITOUSSI: op. cit. 70-72. 
31 VAN DER BERGH – VERBRUGGEN: op. cit. 61-72. 
32 MCDONALD, GARRY W. – PATTERSON, MURRAY G.: Ecological Footprints and 
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However, the connecting studies have not examined the whole database of the 
developing Global Footprint Network indicator, so the critical statements as well 
as the applications have been conducted without screening the outliers. According 
to our study, the majority of the countries (112 out of 150) can be described with 
an average EF structure, in other words, we can come to appropriate conclusion 
about the ecological footprint structure of certain countries from the average 
ecological footprint structure. However, there are some well-limited small groups, 
which have EF structure that significantly differs from the average. Since the 
consumption system of a given country is reflected in the ecological footprint, 
according to our anticipation, the structure of the ecological footprint of countries, 
which are close to each other geographically and culturally, will also resemble each 
other. Mongolia and Uruguay form stable and separated group because of their 
essential grazing land footprint, independently from the year of the study or the 
method. With the economic reforms and the dramatic change in the external 
environment for Mongolia, the dualistic economic system, that had been dominant 
over the past decades of central planning, is being severely undermined. In part, 
this is not negative as the large traditional livestock sector was 'drained' for 
resources, which were transferred to the modern sector.33 For this reason we 
consider it reasonable to examine their consumption structure and characteristics 
in detail later.In case of the other three members group, the outstanding values can 
traced back to other reasons. Presumably, the consumption structure of Mauritius, 
the African Gambia and the north-European Norway differs from each other 
considerably. The common feature is considered to be the fishing-ground 
ecological footprint of the 2010 edition, which exceeds remarkably the average in 
all three countries, however by examining the database of 2011 edition, the fishing-
ground ecological footprint of Gambia is corresponding to the world average. The 
reason for establishing cluster in 2010 edition can be found in the deviations of the 
methods of calculating the fishing-ground ecological footprint, which can strongly 
query the commensurability and reliability of the database. 

In the NFA 2011, a source data cleaning algorithm was implemented different 
to the algorithm used in NFA 2010. The new algorithm is used to reduce spikes 
and troughs and inconsistencies in the reported time series of source data sets. The 
new algorithm excludes data points that are beyond a fixed distance from the 
median value of the reference time series data. Table 5 contain an ordinal ranking 
of countries by Footprint respectively, as well as a comparison with values from 
the previous NFA 2010 Edition. Methodological differences between editions can 
be demonstrated by looking at the change in absolute EFand biocapacity, and by 
looking at changes in country rankings for these two indicators. For the year 2007 
– the most recent year covered by both NFA 2011 and NFA 2010 Editions – there 
were seven countries whose rank in EF per capita changed more than 15 places 
(one of them: Gambia). 
                                                 
interdependencies of New Zealand regions (analysis), in Ecological Economics, Vol. 50. 
Issue 1-2. (2004), 49-67. 
33 SPOOR, MAX: Mongolia: Agrarian Crisis in the Transition to a Market Economy, in 
Europe-Asia Studies, Vol. 48. No. 4. (1996), 615-628. 
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Table 5: NFA 2010 and NFA 2011 Editions comparison: Ecological Footprint 
data table.34 

Our suggestion is that the statistical examination of the database (filtering the 
extreme outliers) should be followed by professional control and the final data 
chart should be conducted as a result of this. Consequences and political decisions 
based on faulty and unreliable data can not lead to the expected results; it can make 
the situation even worse. The most essential result of our study can be the 
correction of failures of the database the establishment of the statistical background 
for more established consequences. 
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