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1. Introduction


Reform of the pension system in Poland, which was initiated in 1999, resulted in the introduction of a common second pillar pension scheme, under which open pension funds (OPF) operate. These institutions are managing assets of 13.8 million Poles in the amount of USD 132.7 billion (in end of November 2008). Significant part of these assets is placed in shares, and therefore OPFs are vulnerable to a large extent on cyclical fluctuations in the financial markets. They are also one of the most important and the largest institutional investors on stock exchange, determining the shape of stock market.
Specific analysis of the WIG index since the polish OPFs started can lead to conclusion that the current falls on the Warsaw Stock Exchange determine bad OPFs financial results. It should be noted that 6 July 2007 WIG index reached the highest value of 67,568.51 points, and at the end of November 2008 it was equal to only 27,130.09 points.
The purpose of this article is to analyze the similarity of structures of OPFs investment portfolios and the dynamics of the similarity in the period of the Warsaw Stock Exchange downturn in 2007-2008. Since the WIG index got in the long-term downward trend in July 2007, the period from the end of June 2007 until the end of November 2008 was examined. The monthly data of the investment portfolio structure was used as well as the value of OPFs units (as at end of month), obtained from the Financial Supervisory Commission (www.knf.gov.pl). Research was conducted using the taxonomic method of measuring the similarity of objects: distance matrix and hierarchical agglomeration method.
2. Regulations in the area of investment policy of OPFs
Open pension funds invest their assets in accordance with statutory requirements of the maximum level of safety and profitability of investments. Therefore, the law on organization and operation of pension funds points out more than a dozen types of financial instruments, that can pension funds can invest in, including but not limited to:
· bonds, bills and other securities issued by the Treasury or National Bank of Poland as well as loans and credits granted to these entities, 
· bonds and other securities guaranteed by the Treasury or the National Bank of Poland, as well as deposits, loans and credits guaranteed by them, 
· bank deposits and bank securities,
· shares of companies listed on a stock exchange,
· shares of National Investment Funds,
· bonds and other debt securities issued by local government units and completely secured bonds of other entities,
· units of investment funds.
The investment limits were established for different types of securities. The limits are contained in Council of Ministers Regulation from 3 February 2004 on defining the maximum share of OPFs assets, which may be located in different types of investments and additional restrictions on the investment policy run by pension funds (OJ . No. 32, item. 276) with subsequent changes. Thus, OPFs in shares may invest up to 40% of assets, in shares listed on a regulated OTC market, and companies not listed on a regulated exchange and OTC market, but admitted to public trade as well as in shares of NIF - 10% of the value of assets, in bank deposits and bank securities in polish currency - 20%, in units of open-ended funds and open specialist investment funds - 15%, in bonds and other securities issued by local government units, admitted to public trade - 40%, and not admitted to public trade - 20%. Furthermore OFE can invest up to 10% of the value of their assets in certificates of participation issued by closed-ended funds and mixed investment funds as well as  in bonds of other entities than gminas and bonds and other debt securities of public companies that are not authorized to public trade but secured in the amount of the nominal value, together with the possible interest rate and unsecured bonds and other securities issued by public companies.    
 The first kind of limits, set out by the law, can be described as qualitative, as they indicate the types of financial instruments, which OPFs may invest in. In contrast, the restrictions resulting from the Council of Ministers Regulation mentioned above are quantitative, because they are limits of participation of various types of financial instruments in the investment portfolios of pension funds.    
 Categorization of investments which the Financial Supervisory Commission applies in its Monthly Newsletters for the open pension funds market was used in the study carried out, and is as follows:

· bonds and treasury bills

· debt securities guaranteed or backed by the State Treasury or the National Bank of Poland deposits, bank securities ,
· shares listed on a stock exchange ,

· shares listed on a regulated over-the-counter market, demateralized ,

· shares of National Investment Funds,

· investments certificates of investment funds ,

· non-terasury dematerialized debt securities,

· income bonds,

· non-treasury dematerialized debt securities fully secured,

· other debt securities of public companies,

· mortgage bonds,

· other foreign securities.

3. Hierarchical agglomeration methods
Hierarchical agglomeration methods, which are the part of cluster analysis, are frequently used tool in the field of taxonomic methods. The starting point in the hierarchical agglomeration methods is distance matrix, while the final result is usually hierarchical tree that gathers studied objects because of the distinguished characteristics. The procedure of applying  hierarchical agglomeration method is as follows (Gatnar 1998, p. 30):
1. Create clusters, each containing one of the objects tested.

2. On the basis of the matrix of distance between clusters find two objects most similar, namely those for which distance is the smallest.

3. Objects selected in section 2 gather into a single cluster.

4. Calculate the distance between the new cluster and all the rest and create a new matrix of distances.

5. Repeat steps 2-4 until one cluster gathering all the objects is formed.

In this way starting from the number of groups equal to number of compared objects in the end we get one big cluster, containing all the objects. 
In hierarchical agglomeration methods different distances between the objects can be calculated, including:
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where:  
dij – distance between i-th a j-th object,

xi,k – value of k-th characteristic for i-th object,

xj,k – value of k-th characteristic for j-th object,

n – number of features that characterize objects.
     In the process of grouping one of the following methods, named linkage (Gatnar 1998, s. 30-31, Nowak 1990, s. 82-83, Sneath, Sokal 1973), can be used:
· single linkage, also called the nearest neighborhood method, where the distance between the two cluster is determined by the distance between two nearest objects (neighbors), derived from these two groups,
· complete linkage, also known as the farthest neighbor algorithm, where the distance between two clusters is determined by the distance between the two most distant objects (neighbors), derived from these two groups,

· unweighted pair-group method using arithmetic averages (UPGMA), where the distance between the two clusters is equal to the average distance between all pairs of objects belonging to those groups,
· weighted pair-group method using arithmetic averages (WPGMA), which is similar to UPGMA, the only difference is that in the calculation the weight is proportional to the number of objects in a cluster
· unweighted pair-group method using the centroid average (UPGMC), where the distance between the two clusters is equal to the distance between their centroids. The centroid in the multi-dimensional space is defined by its size medium point.
· weighted pair-group method using the centroid average (WPGMC), similar to the previous one, but it takes into account the size of the compared clusters measured by the number of their objects,
· Ward’s method, it uses analysis of variance  in the process of estimating the distance.
4. Assessment of the similarity of OPFs investment portfolios
In a research carried out the similarities of investment portfolios were analyzed, distinguishing characteristics of the objects in accordance with the division by categories of investments in OPFs investment portfolios, used by the Financial Supervisory Commission in the Monthly Newsletters (altogether 14 category). In four moments of time the similarity of the objects were measured: at the end of June and November 2007 and 2008. This choice of moments in time results of the fact that beginning of falls on the Warsaw Stock Exchange took place in the first decade of July 2007, while the last month, from which data were available at the time of the analysis was November 2008. For the purpose of the study, which is measurement of similarity between the structures of open pension funds investment portfolios and the characteristics of its dynamics during the downturn on the stock market, the choice of moments of measuring the similarity seems to be appropriate, because it will allow to identify the possible patterns in OPFs investment policy. The analysis of structures of pension funds portfolios reveals that their recast, especially showed in a constant tendency to reduce the involvement of the assets in shares, was evolutionary in nature throughout the period.

For the structure of OPFs investment portfolios at any time of the analysis:

1. According to the quotation (1) the City block were calculated, where: 

dij – City block distance between i-th a j-th OPF,

xi,k – share of the k-th category of financial instrument in the investment portfolio of the i-th OPF,

xj,k – share of the k-th category of financial instrument in the investment portfolio of the j-th OPF,
n – number of categories of financial instruments in the investment portfolio (n = 14).
On this basis, distance matrixes between funds were constructed for each moment. The choice of City block distance was made due to the fact that it may also occur in the form of average deviation of value of characteristics (Nowak 1990, p. 39). In a study conducted dividing the city block distance for any two OPFs by the number of types of financial instruments in the investment portfolio allows to interpret this measure as the average difference in the shares of each category of investments in two OPFs portfolios.
2. For each fund the average distance between it and the other OPF was calculated due to the structure of investment portfolio. The average distance for each matrix was also computed (apart from the values on the main diagonal) which is the average distance between the funds, and the average distance in terms of number of categories of investments in the portfolio which is the average distance between funds divided by a number of categories of investment in the portfolio.
3. Applying the City block distance matrix, a hierarchical agglomeration method was used employing UPGMA in the procedure of grouping objects, which results in obtaining a hierarchical tree.

     It should be noted that the hierarchical agglomeration methods are not free from defects. Among them there are: 
· once received  cluster cannot be disconnected, making it impossible to correct the error committed possibly earlier,

· you cannot impose in advance the number of groups formed or the number of objects in different groups, which prevents the researcher to control the hierarchical tree of a certain building. Because of that the construction of these trees may hinder an assessment of the diversification of objects on the basis of their visual analysis,

· because this is a method of grouping and not ordering, in effect, its application helps to set if the objects are similar or not, but you cannot organize them because of the characteristics identified in the analysis,

· these are non-pattern methods but often there is the possibility of identifying a hypothetical pattern (such as the average value characteristics among the objects) and take account of this pattern in the analysis and hierarchical tree. This allows you to compare the test objects not only among themselves, but also to hypothetical benchmark.

In tab. 1 there are selected numerical characteristics of the similarity of the investment portfolios structure, based on constructed distance matrixes.
Table 1. Selected numerical characteristics of the similarity of the OPFs investment portfolios structure in analyzed time moments ( in percentage point)
	Selected numerical characteristics
	06.2007
	11.2007
	06.2008
	11.2008

	minimal distance between two OPFs
	2,45
	3,34
	2,98
	3,44

	maximal distance between two OPFs
	19,80
	21,08
	28,08
	39,42

	minimal distance between two OPFs in terms of one category
	0,18
	0,24
	0,21
	0,25

	maximal distance between two OPFs  in terms of one category
	1,41
	1,51
	2,01
	2,82

	the average distance for the whole distance matrix
	9,99
	11,26
	14,60
	14,42

	the average distance in terms of a category of investments
	0,71
	0,80
	1,04
	1,03

	minimal average distance between specyfic OPF and other OPFs
	8,15
	9,68
	12,11
	10,29

	maksimal average distance between specyfic OPF and other OPFs
	14,55
	13,73
	23,27
	35,75


Source: own computations
Analysis of the results of the calculation in the tab. 1 allows to form the following general conclusions about the evolution of the similarity of structures of OPFs investment portfolios during the downturn on the Warsaw Stock Exchange:

· significantly increasing value of the average distance for the whole matrix, and thus the average distance in terms of a category, provides that the structure of OPFs portfolios had become more and more different, but recently that tendency to increase the diversity has been stopped
· the maximum distance between two OPFs and the maximum distance between two OPFs at the category, as well as the maximum average distance between two OPFs and the other funds in the next moments of measurement was growing
· the minimum distance between two OFE and the value of this distance in terms of the category also showed a tendency to increase in the analyzed period, but in the third moment of measurement it was lower than in the second one. However, in the whole period the highest value was reached at the end of November 2008

· minimum average distance between two OPFs and the rest of the funds was growing in the first three moments of measurement, and at the end of November 2008 declined, but its value was higher than in the first two points of measurement. 

Based on the partial conclusions above we can form synthetic conclusion, which states that during the downturn on the WSE the process of distinguishing the OPFs investment portfolios was observed, while at the end of the analyzed period the relative stability in this process was achieved. This means that the open pension funds that have so far very similar investment strategies (see Chybalski 2007), from the beginning of the downturn in the financial markets, including the Warsaw Stock Exchange, changing their investment portfolios, especially by reducing involvement in the shares, to a lesser extent copied each other and therefore their investment portfolios became less and less similar. Nevertheless, this similarity is still high, since the average distance for the whole matrix in terms of the category of investments, was equal to 1.03 percentage points to the end of November, meaning that the average difference in the participation of a financial instrument in the portfolio of two OPFs was 1.03 percentage points .

     To analyze the similarity between the structures of individual OPFs investment portfolios, hierarchical trees were used in the applied method of agglomeration (Figure 1 and 2)
Figure 1. Hierarchical trees for structure of OPFs investment portfolios at the end of June and November 2007 
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Source: own computations

Figure 2. Hierarchical trees for structure of OPFs investment portfolios at the end of June and November 2008
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Source: own computations

     Analysis of these hierarchical trees confirms the earlier conclusion that during the whole period the investment portfolios became less and less like, which is proved by the fact that the linkages were created (especially the later) with greater values of distances. However, a detailed analysis of graphs shows that the fund that differed from others on the market was OPF Polsat. In moments of two last measurements it created its first linkage at the latest, which is in the last steps, with the aggregation of all OPFs. The difference between OPF Polsat and other funds is due to the fact that this fund, as only one on the market, did not react on downturn on the Warsaw Stock Exchange by selling the shares, and thus the share of this type of securities in its investment portfolio didn’t change significantly . In June 2007 it was 39.68% of the portfolio, and in November 2008 - 38.74%. Other funds, gradually were selling shares. The percentage of this kind of investments in their portfolios in June 2007 was no less than 35.59% (OPF Bankowy) and in the period up to November 2008 decreased to no more than 22.78% (OPF Generali). The lack of reaction of OPF Polsat on stock decline resulted in reducing the value of its unit by 26.37% (from end of June 2007 to the end of November 2008). The funds, which lost the least at that time, were OPF Generali (rate of return equals to -17.80%, the percentage of shares in the portfolio at the end of November 2008 equals to 23.42%, the second-largest fund, after OPF Polsat, and the fund that, excluding OPF Polsat, reduced at least the percentage of shares in the portfolio, by 13.10 percentage points) and OPF Allianz (rate of return of -17.82%, the percentage of shares in the portfolio at the end of November the lowest on the market - 19.10%,  the fund reduced the most percentage of shares in the portfolio, by 19.28 percentage points). OPF Generali and OPF Allianz in the third measurement moment, which was at the end of June 2008, firstly formed a linkage in agglomeration with each other, which resulted from the fact that OPF Allianz was the most similar to OPF Generali, while OPF Generali was the second fund, after OPF AEGON , similar in terms of the investment portfolio to OPF Allianz. In the last measurement moment, at the end of November 2008, the differences in the structures of the investment portfolios of the two OPFs significantly increased (distance grew from 7.04 to 16.7 percentage points), mainly due to greater reduction in the percentage of shares in the portfolio investment by OPF Allianz than by OPF Generali in the period from July to November 2008).
5. Conclusions
     Studies carried out show that the open pension funds in the period from July 2007 to November 2008 (which is in the history of their operation in Poland so far the longest and most important collapse of the stock market) aiming at reduction of percentage shares in their portfolios did not copied their policies to such large extent as before the downturn. However, as hierarchical tree drawn to the method of agglomeration indicated clearly, one fund, namely OPF Polsat, very significantly differed from other funds, which was caused by not reducing the percentage of shares in its portfolio. As a result it recorded a loss – most significant reduction of unit value among all funds.  The last moment of measurement allows to notice the stabilization of the similarity of OPFs portfolios, because part of the distances did not increase from June to November 2008, despite the fact that the funds still were selling out shares. Year 2009 will answer the question whether the market will return again to the trend of significant unification of investment portfolios, as before July 2007, which is grounded in the quest to prevent the funds from differing from other OPFs and their investment performance, and thus it allows to minimize the risk of statutory shortage of assets.
Literature
1. Chybalski F., Analiza podobieństwa portfeli inwestycyjnych OFE z wykorzystaniem metod taksonomicznych, „Zarządzanie finansami firm – teoria i praktyka” edited by Bernaś B. i Pluta W., Prace Naukowe Akademii Ekonomicznej we Wrocławiu No 1159, Wydawnictwo AE we Wrocławiu, Wrocław 2007, pp. 56 - 68

2. Gatnar E., Symboliczne metody klasyfikacji danych, Wydawnictwo Naukowe PWN, Warszawa 1998.

3. Nowak E., Metody taksonomiczne w klasyfikacji obiektów społeczno-gospodarczych, Państwowe Wydawnictwo Ekonomiczne, Warszawa 1990.

4. Sneath P.H.A., Sokal R.R., Numerical Taxonomy, Freeman, San Francisco 1973.

� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���








[image: image9.emf]Diagram dla 14 Zmienne

Średnich połączeń

Odległości miejskie (Manhattan)

Odległość wiąz. 

  POLSAT

  NORDEA

GENERALI

      CU

POCZTYL_

     ING

     AXA

 ALLIANZ

 BANKOWY

   WARTA

     PZU

   PEKAO

     AIG

   AEGON

0 5 10 15 20 25 30 35 40

[image: image10.emf]Diagram dla 15 Zmienne

Średnich połączeń

Odległości miejskie (Manhattan)

Odległość wiąz. 

  POLSAT

   PEKAO

   WARTA

  NORDEA

      CU

SKARBIEC

POCZTYL_

     AXA

     ING

     PZU

     AIG

GENERALI

 ALLIANZ

 BANKOWY

   AEGON

0 5 10 15 20 25

[image: image11.emf]Diagram dla 15 Zmienne

Średnich połączeń

Odległości miejskie (Manhattan)

Odległość wiąz. 

POCZTYL_

 BANKOWY

GENERALI

SKARBIEC

     AXA

 ALLIANZ

   PEKAO

  NORDEA

   WARTA

      CU

  POLSAT

     ING

     PZU

     AIG

   AEGON

2 4 6 8 10 12 14

_1292165235.unknown

_1292165237.unknown

_1292165238.unknown

_1292165236.unknown

_1292165234.unknown

