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      Introduction

Important bilateral interdependencies  do exist between an overall economic situation and that prevailing in  stock markets. Impulses from stock exchange are being transmitted to real economy as effects of relative changes in the price of capital and income effects
. Relative changes in the price of capital may result directly from  a change in  the  price of  funds acquisition in the stock market and  indirectly from the change in credit worthiness of listed companies, while income effects are connected  to the stock market impact on consumption  level
. Of equal strength are impulses from the real economy into the stock and securities market transmitted as responses of stock market players to publications of   financial results of listed companies, macroeconomic characteristics
 such as inflation rate, GDP, interest rates, exchange rate, budgetary deficit, public sector debt or unemployment rate etc. on the ongoing economic, fiscal, monetary, budgetary or industrial policy
. In this respect investors expectations regarding companies’ results, macroeconomic situation or directions of economic policy pursued by the central government are of importance.  These expectations are already being discounted much earlier in stock prices and thus stock indices should be ahead of macroeconomic changes. Changes of the stock exchange indices being in the view of the above an effect of an inflow/outflow of stock market investments turn into a signal for the increase /decrease of  real investment
. 

A bilateral strong transmission of business impulses between the real economy and stock/securities exchanges is mainly evident in the countries with a strong and well-founded in the economic system position of stock market. Notwithstanding its dynamic growth of  securities market Poland is still  ranked among the emerging markets, but even there strong relationships between both situation have been noted.  Correlation between the broad market index WIG (WSE – Warsaw Stock Exchange) and  Gross Domestic Product ( GDP) is at the level of 0.73 while the  correlation between the  Nasdaq Index and the USA GDP is 0,83
 so it may be said that the Polish stock market is coming of age
. This is also confirmed by studies on the Polish stock market and information efficiency
, and thus changes in the WSE index may be interpreted as a signal for changes in the  real investment opportunities.
General indexes have been used for over four decades in studies on equity markets as a basis for the investment and political recommendations
 however the thesis about an accurate reflection of the stock market behavior through the general indexes has no empirical evidence
.  For example results from the emerging markets with capital weighted indexes, may be shaped to a large extent by big, dominating companies 
, and effective information flow  in these markets may be hampered by a low liquidity
, low transparency 
 and psychological behavior of a crowd
. Under such circumstances an  overall market situation may insufficiently reflect situation in individual sectors and thus real investment decisions should rather be justified by the changes of sectoral rather than general  indexes
. 

Taking into account a strong relationship between the stock market conditions  and macroeconomic situation in Poland maintaining at the same time characteristic features of an emerging market it would seem well-founded to examine relationships between sectoral indexes and the broad-base index to get a better picture of investment opportunities in a real economy. 

Source materials
Values of sectoral indexes: WIG-Banki (Banks), WIG-Budownictwo (Building), WIG-Informatyka (IT), WIG-Spożywczy (Foodstuffs) and WIG-Telekomunikacja (Telecommunication) were analyzed for the period from  31.12.1998 to 09.02.2009. The date  31.12.1998 determines the beginning of sectoral indexes listings and on this day the value of stock market index for  all WIG companies was established as a base value for sectoral indexes. The essential data on listed indexes were collected in table 1. In the above  period the strongest increase was noted for indexes of  WIG-Budownictwo and WIG-Banki, which overshot the value increase of the WIG. Dynamics of  value increase  is weaker for  WIG-Spożywczy and WIG-Telekomunikacja, while the  WIG-Informatyka value index decreased. As regards capitalization the strongest sectoral index is  WIG-Banki followed by lower capitalization indexes of WIG-Telekomunikacja and WIG-Budownictwo, although all of them are higher than ten years ago, while capitalization of the  WIG-Informatyka and WIG-Spożywczy is currently lower than 10 years ago. .

Table 1. Numerical characteristics of the analyzed time series 

	INDEX
	Value
	Capitalization

	
	31.12.1998
	09.02.2009
	31.12.1998
	09.02.2009

	WIG
	12 795,6
	24 470,2
	-
	-

	WIG-Banki
	12 795,6
	34 014,4
	9 799 574 250
	24 347 447 080

	WIG-Budownictwo
	12 795,6
	40 153,3
	1 969 103 250
	6 464 387 380

	WIG-Informatyka
	12 795,6
	8 593,0
	6 083 544 200
	3 858 289 530

	WIG-Spożywczy
	12 795,6
	14 066,4
	2 593 886 400
	1 163 349 710

	WIG-Telekomunikacja
	12 795,6
	11 101,5
	6 083 544 200
	10 494 293 890


Source: Warsaw Stock Exchange (WSE)
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Rys. 1. Wartości indeksów giełdowych

Źródło: opracowanie własne na podstawie danych GPW w Warszawie.

Sectoral indexes show similar trends to those in the  WIG (Fig 1). Until the year 2005 value changes were not significant while from 2005 till mid-2007 a marked increase was noted   followed since then  by a downturn. The strength of this trend varied with the most pronounced changes in indexes of WIG-Budownictwo, then WIG-Banki, WIG, WIG-Spożywczy, WIG-Informatyka, while  WIG-Telekomunikacja showed a sideways trend for the whole period.  

Analysis of correlation
Even at the first glance at the shape of time series values in Fig.1 we may suspect a certain relationship between values of sectoral indexes listings and the value of the WIG (WSE) index. The above is confirmed by the Table 2 calculations.

Table 2. Correlations between values of stock market indexes and rates of return  

	INDEKS
	WIG
	WIG-Banki
	WIG-Budownictwo
	WIG-Informatyka
	WIG-Spożywczy
	WIG-Telekomunikacja

	WIG
	 
	0,985
	0,960
	0,415
	0,933
	0,034

	WIG-Banki
	0,882
	
	0,958
	0,297
	0,900
	-0,086

	WIG-Budownictwo
	0,697
	0,584
	
	0,419
	0,848
	0,055

	WIG-Informatyka
	0,787
	0,588
	0,508
	
	0,377
	0,754

	WIG-Spożywczy
	0,586
	0,467
	0,488
	0,434
	
	-0,087

	WIG-Telekomunikacja
	0,790
	0,584
	0,464
	0,727
	0,394
	 


Notes: above diagonal - correlation between values of indexes, below diagonal -  correlation  between return rates of indexes.

Source: authors’ calculations.

Correlation coefficients determined as above confirm similarities observed in Fig. 1. It turns out that the strongest relationships concern values of the sectoral indexes for  WIG-Banki, WIG-Budownictwo i WIG-Spożywczy with the WIG index (Pearson’s r   above  0,9). This relationship is weaker in the case of WIG-Informatyka (r=0,415), and in the case of  WIG-Telekomunikacja there is no relationship  (r=0,034). Similar properties may be observed in the case of relationships between individual sectoral indexes.

 Dependencies for rates of return present a different picture. In this case the rates of return for all sectoral indexes are clearly correlated with the return rates of the WIG index, with the weakest relationship for  WIG-Spożywczy (r=0,586) and the strongest for  WIG-Banki (r=0,882). Also the relationships between individual sectoral indexes are quite evident.  
The above results may give evidence to the appearance of both a long- and short-term positive dependence between sectoral indexes and the WIG index. It is worth mentioning that the short term relationship  of sectoral indexes with the stock market index WIG concerns all sectoral indexes while the long term dependence relates to  the four out of five..

Table 3. Beta coefficient of the  Sharpe’s model
	INDEX
	WIG

	WIG-Banki
	1,026

	WIG-Budownictwo
	0,736

	WIG-Informatyka
	1,139

	WIG-Spożywczy
	0,551

	WIG-Telekomunikacja
	1,205


Sources: authors’ calculations .

The occurrence of a short term dependence is confirmed by statistically significant beta coefficients of the  Sharpe’s model. The most aggressive indexes are those of  the WIG-Telekomunikacja and  WIG-Informatyka as their  return rates give a very strong response to the WIG index return rate.  The return rates of the WIG-Banki index change similarly to the market portfolio while the indexes   WIG-Budownictwo and  WIG-Spożywczy show a defensive trend with  changes of their values  weaker that the WIG index value change.
Stationarity and cointegration 

Autoregressive models referring  to the concepts of integration and co-integration  provide wider  analytical possibilities than correlation analysis. Before the analysis time series of stock exchange indexes values were converted into logarithmic series. The initial analysis includes establishment  of the integration degree of time series. To this end,  series of statistical tests can be used  like e.g. ADF or  Phillips-Perron tests. The  ADF tests results are shown in table 4 and the Phillips-Perron tests results are quite close to them. The results of stationarity tests indicate without any doubt that time series of stock market indexes value levels are non-stationary, while stationary are their first differences and that denotes integration of  the first level.

Table 4. Stationarity tests
	INDEX
	I(0)
	I(1)

	WIG
	0,8750
	0,0001

	WIG-Banki
	0,9119
	0,0001

	WIG-Budownictwo
	0,9456
	0,0001

	WIG-Informatyka
	0,5318
	0,0001

	WIG-Spożywczy
	0,7148
	0,0001

	WIG-Telekomunikacja
	0,6182
	0,0001


Source: authors’ calculations .

Investigation of causality may be the next step in analysis and in this case it was based on the Granger’s test. Taking into account the two-dimensional model VAR:

xt = a1 + a1.1xt-1 + ... + a1.kxt-k + b1.1yt-1 + ... + b1.kyt-k, (1) 

yt = a2 + a2.1xt-1 + ... + a2.kxt-k + b2.1yt-1 + ... + b2.kyt-k, (2)

we then verify a zero hypothesis of the form:  

H0: b1.1 = ... = b1.k = 0, (3)

which means that y is not the cause of  x, and  y may be eliminated from equation  (1), since it does not significantly increase the forecasting values of this model. 

The Granger’s test was used for value levels of stock market indexes (table 5) and for first differences (table 6). It is worth noting that the power function  of the Granger’s test for non-stationary variables is maintained only approximately. In our case it concerns time series of index value levels.  
Table 5.  Granger’s test for value levels of stock market indexes  

	INDEX
	Number of lags 

	
	1
	2
	3
	4
	5

	WIG-Banki
	0,3183
	0,6454
	0,6120
	0,7699
	0,8037

	WIG-Budownictwo
	0,0003
	0,0042
	0,0080
	0,0032
	0,0034

	WIG-Informatyka
	0,9086
	0,8625
	0,3231
	0,1712
	0,2504

	WIG-Spożywczy
	0,0013
	0,0063
	0,0233
	0,0330
	0,0509

	WIG-Telekomunikacja
	0,7043
	0,6054
	0,6917
	0,7996
	0,5540


Source: authors’ calculations
Table 6. Granger’s test for first differences of values in stock market indexes 

	INDEX INCREMENT 
	Number of lags  

	
	1
	2
	3
	4
	5

	WIG-Banki
	0,9557
	0,6285
	0,8120
	0,8101
	0,8083

	WIG-Budownictwo
	0,6667
	0,7961
	0,0937
	0,1245
	0,1637

	WIG-Informatyka
	0,5922
	0,1764
	0,0932
	0,1578
	0,2411

	WIG-Spożywczy
	0,2548
	0,4273
	0,3431
	0,2965
	0,3805

	WIG-Telekomunikacja
	0,3296
	0,4905
	0,6533
	0,4420
	0,5658


Source: authors’ calculations.

According to the test results the WIG index values are the value cause for sectoral indexes  WIG-Budownictwo and  WIG-Spożywczy. Their inclusion into the two-dimensional VAR model increases its forecasting value. As concerns the Granger’s test for first differences it may be said that increments of the  WIG  index are not the cause of value increments   in sectoral indexes and their inclusion into the two-dimensional VAR model shall not significantly increase forecasting values.  
In accordance with conception of stationarity and cointegration a long-term dependence may be considered as significant when series are integrated at the first level, and when residuals from cointegration  equation are  stationary. In the time  series under study we analyzed residuals from equations in the form of:   

yt = a1xt , (3)

yt = a1xt + c, (4)

where:

yt – values of sectoral indexes;

xt –WIG stock index value;

c – constant.

In no case our findings  indicated residuals stationarity and thus the occurrence of a long-term dependence. However, in case of WIG-Banki and  WIG-Spożywczy the long term  dependence between them and the  WIG index comes close to be recognized as significant.
Table 7. Cointegration test
	INDEX
	Cointegration equation


	
	without constant
	with constant 

	WIG-Banki
	0,0828
	0,0979

	WIG-Budownictwo
	0,5999
	0,1595

	WIG-Informatyka
	0,3224
	0,1453

	WIG-Spożywczy
	0,0858
	0,0994

	WIG-Telekomunikacja
	0,1749
	0,1543


Source: authors’ calculations.

Presentation of the short- and long-term changes in one autoregressive model is shown in table 8. This model confirms earlier findings indicating the short-term nature of dependence between sectoral indexes and the WIG index – with the WIG index increments all the coefficients are statistically significant and the coefficients  values nearly identical to the values of beta coefficients in the Sharpe’s model. However coefficient values with ECM variable are close to zero and in most cases insignificant.

Table 8. Autoregressive ECM models 

	INDEX INCREMENT d(y)
	Independent variable

	
	d(y(-1))
	d(WIG)
	d(WIG(-1))
	ecm(-1)

	WIG-Banki
	0,0449
	1,0232
	-0,0255
	-0,0017

	
	0,0241
	0,0000
	0,2701
	0,0892

	WIG-Budownictwo
	0,0548
	0,7293
	0,0051
	-0,0034

	
	0,0057
	0,0000
	0,8061
	0,0011

	WIG-Informatyka
	0,1130
	1,1400
	-0,1307
	-0,0011

	
	0,0000
	0,0000
	0,0000
	0,2641

	WIG-Spożywczy
	0,0207
	0,5523
	-0,0056
	0,0002

	
	0,3005
	0,0000
	0,7640
	0,8809

	WIG-Telekomunikacja
	0,0859
	1,2086
	-0,1200
	0,0000

	
	0,0000
	0,0000
	0,0001
	0,9887


Source: authors’ calculations.

Conclusions
The result clearly indicate occurrence of a short-term positive dependence between values of sectoral indexes and the values of the WIG.    The strength of the above dependence is shown similarly in the  Sharpe’s and autoregressive models: the WIG-Telekomunikacja and WIG-Informatyka indexes show stronger reaction to the WIG changes, the response of  WIG-Banki comes close to that of the  WIG while the WIG-Budownictwo and WIG-Spożywczy show weaker response.

In the longer periods relationships of sectoral indexes with the WIG index are no longer unique. On the one hand we have correlation results indicating occurrence of a very strong dependence between the WIG-Banki, WIG-Budownictwo i WIG-Spożywczy values and the WIG value, and on the other the results of residuals non-stationarity in co-integration equations  and  ambiguous results of the  Granger’s test for indexes values. The above shows that long-term relationship between indexes values is more complex and dependent on the index type i.e. on situation in a given sector of the economy.  
Concluding, it can be said that in a short run an overall stock market situation does have a significant impact on sectoral indexes changes, while in the long-term the economic situation  of the sector itself may cause that changes to take  a different course than it might result from an overall business trend. 
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Summary

     The article presents an analysis of short-and long-term relationships between the broad index WIG(the Warsaw Stock Exchange Index) and five sectoral sub-indexes: WIG-Banki (Banks), WIG-Budownictwo (Building), WIG-Informatyka(IT), WIG-Spożywczy(Food) and  WIG-Telekomunikacja (Telecommunication) based on data for the period 31.12.1998 - 09.02.2009 The strength and direction of dependencies between listings of sectoral sub-indexes and the WIG index was established with the use of correlation coefficient. For the purpose of more precise analysis the use was made of procedures referring to the conception of cointegration and  the Granger’s causality analysis was carried out. The results show a short-term significant dependence but do not give grounds for a clear cut statement of such a dependence in a long term. 
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