
  
Abstract— The main goal of this paper is the analysis of the 
quotient relation between Laspeyres and Paasche indices depicted in 
Bortkiewicz equality. We use it as a measure of the scale of 
substitution effect in reference to Polish conjuncture in years 2001-
2010.  
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I. INTRODUCTION 
Consumer Price Index (CPI) has many applications. It 
can be used as a compensation index, as a measure of the 

relative cost of achieving the same standard of living when 
consumers faces two different sets of prices (Cost of Living 
Index), or as a consumption deflator. Finally, with the use of 
this index we can measure the level of general inflation.  

There are few methods for calculating the CPI value. Two 
of them are Laspeyres and Paasche formulas. The difference 
between them is that Laspeyres index uses base period 
weights established on the basis of the structure of 
households’ consumer expenditure while Paasche’s one takes 
into account current period weights. This is because, in real 
life, expenditure patterns change from period to period. 
Because of the weight system difference the two indices could 
produce different results for the same period. When 
interpreting the scale of the discrepancy as numeric effect of 
product substitution, it is possible to measure consumer 
reaction to price fluctuation and susceptibility to change of 
consumption model depending on current situation on the 
market.  

II.  LASPEYRES AND PAASCHE CONSUMER PRICE INDICES 
IN BORTKIEWICZ EQUALITY 

The Consumer Price Index (CPI) is a statistical estimate 
constructed using the prices of a sample of representative 
items whose prices are collected periodically. Sub-indexes and 
sub-sub-indexes are computed for different categories and 
sub-categories of goods and services, being combined to 
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produce the overall index with weights reflecting their shares 
in the total of the consumer expenditures covered by the index 
[1]. In other words, the price movement measurement is 
weighted by the importance of the item in the spending 
patterns of the appropriate population group.  

The most common formula for calculating the CPI is 
Laspeyres formula. The Laspeyres consumer price index is 
defined as a fixed-quantity price index able to measure the 
price change in a fixed market basket of consumption goods 
and services that are purchased by the reference population [2] 
and it is given by following formula: 
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where: 

pj
i – a price index of individual category from a fixed market 

basket, 

0j
w – a weight of individual category in a base period. 

In general, Laspeyres index measures the difference 
between the theoretical cost in a given year and the actual cost 
in the base year of maintaining a standard of living as in the 
base year [3]. 

The most important weakness of this index is connected 
with the choice of time, in which the arrangement of weights 
is established, i.e. a base period. Lack of current update of the 
consumption model results in the fact that the index calculated 
in this way does not include the reaction of consumers to price 
changes for particular goods and services. The invariability of 
the weight system leads to a substitution bias, named in The 
Boskin Commission Report as Upper Level Substitution Bias 
[4] and according to Boskin report causes the overestimation 
of the price index at the level of 0,15 percentage point.  

The alternative for Laspeyres formula could be the 
Paasche’s one, which attaches weights according to their 
significance: 
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pj
i  – a price index of individual category from a fixed market 

basket, 

1j
w – a weight of individual category in a measured period. 

The Paasche formula is similar to that of computing 
a Laspeyres index and the difference is that the Paasche 
method uses weights for the current period rather than for the 
base period. It means that the Paasche index compares the cost 
of purchasing the current basket of goods and services to the 
cost of purchasing the same basket in an earlier period.  

Because of the difference in the weight systems the 
Laspeyres and Paasche indices will produce different results 
for the same period. The relation between these two indices is 
well-defined by Bortkiewicz equality: 
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where 
r – the linear correlation factor between particular indices of 
quantity and prices, 
Vq – variability factor of particular quantity indices, 
Vp – variability factor of particular price indices. 

If we assume that consumers behave rationally it is obvious 
that in response to price increases they attempt to minimize 
total outlays, while attempting to maintain the same standard 
of living, by purchasing goods and services that are now 
relatively less expensive than those purchased in the base 
period. In that situation the correlation factor in Bortkiewicz 
equality has negative value. Along with price increase the 
quantity of consumed goods decrease. Therefore Paasche 
index should have lower values than Laspeyres’ one. The 
scale of the discrepancy could be interpreted as numeric effect 
of product substitution. It is arguable which of the indices 
reflects inflation processes more accurately, however 
considering CPI as the cost of living index, there is no doubt 
that more accurate information is provided by the index whose 
weight system of reflecting consumer reaction is more up to 
date. In this way it is possible to measure consumer reaction to 
price fluctuation and susceptibility to change of consumption 
model [5]. 

It seems that the consumer susceptibility to change of 
consumption model is depended on current market situation. 
The substitution effect should be stronger especially when 
prices increase, as a result of economic growth, but also 
during recession periods, when many households experience 
large capital losses in housing and in their financial portfolios 
and a non-trivial fraction of the society lose their job. As 
a consequence of these shocks, many households should 
reduce substantially their expenditures by substituting away 
from products that have become more expensive and toward 
less costly goods. 

In the further part of this paper we provide an analysis of 
product substitution effect in Polish households during 
expansion and recession periods. In accordance with intuition 
of Bortkiewicz equality we interpret the scale of the 
discrepancy between values of Laspeyres and Paasche indices 

as numeric effect of product substitution. As a measure of 
Polish conjuncture we use Gross Domestic Product (GDP) 
indicator. For better understanding of our analysis’ final 
results we shortly describe Poland’s economic situation and 
dynamics of the GDP in years 2001-2010 beforehand.    

III. POLAND’S ECONOMIC SITUATION IN YEARS 2001-2010 
Despite the world financial crisis recent years have been 

a successful period for Polish economy. It has been 
characterized by a high rate of growth of Gross Domestic 
Product (GDP), increase in investment activity and 
improvement of a situation on the labour market. Foreign 
trade volume has been rapidly increasing and the structure 
thereof improved. Fig. 1. presents dynamics of Polish GDP in 
years 2001-2010.   

 

 
Fig. 1. Poland’s Gross Domestic Product in years 2001-2010 

Source: Central Statistical Office data 
 
After previous nine years of fast growth, Polish economy 

slowed down significantly in 2001–2002 and the average rate 
of economic growth measured by GDP indicator fell from 4% 
to about 1,2%. Economic processes in Poland in this period 
were determined mostly by external conditions. One of the 
most important factors influencing the development of Polish 
economy was the worse situation in countries of the European 
Union. This is due to the strong ties between Poland and the 
EU, and especially Germany – Poland’s largest commercial 
partner. Moreover, the global downturn, additionally 
aggravated by September’s terrorist attack on the United 
States, led to foreign companies reducing their investment 
expenditure, including investment in Poland. Although this 
facts the main factor, which allowed Poland to avoid recession 
in 2001 was net export. Growth of export occurred despite the 
worse foreign trade situation of Poland’s main trade partners 
[6].  

After a continued slowdown in growth in the years 2001–
2002 the Polish economy embarked on an upward trend. The 
first symptoms of improvement could be observed already at 
the end 2002, but a clear acceleration was seen only in 2004, 
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when Poland’s accession to the EU and the related benefits – 
and paradoxically also the fears – translated into a relatively 
high GDP growth.  

Between the years 2004 and 2007, Polish economy was 
developing rapidly in all sectors (i.e. services, industry and 
construction). This economic development results from Polish 
accession to the European Union, which led to a growth in 
exports. The increase in exports stimulated a growth in 
production and employment, which led to a rise in domestic 
consumer demand. A good financial situation of enterprises 
influenced a significant increase in investment. Additionally, 
increasing use of EU funds prompted growth in business 
investment.  

In years 2000-2004 the impact of the labour factor on 
economic growth was negative, with shrinking employment 
and growing unemployment. The sharp decline in the number 
of working persons was stopped already in 2003. Since 2005 
the number of employed persons has been growing and 
unemployment has been declining [7]. 

Increased economic activity continued over successive 
years, reaching its highest point in 2007, with a 6.8% increase 
in GDP. The upward trend experienced a slight slowdown in 
2008, the GDP increase was 5,1% and it was lower than in the 
two previous years. Taking into account unfavourable 
economic conditions around the world (financial crisis that 
started in 2007 in the USA) the result should be considered 
positive. It should be noted that it was one of the best results 
in the EU countries (the climax of the crisis took place in the 
last quarter of 2008). In 2008 the main growth factor was 
domestic demand. Throughout the year there was a high 
growth in individual consumption, which resulted mainly 
from positive changes in the labour market (increase in 
employment and pay). On the other hand, increasing level of 
inflation, enhanced by a rapid growth in fuel prices and food, 
had an influence on consumer demand. In 2008, there was a 
decrease in the growth rate of both imports and exports. The 
decrease in trade, resulting from the recession on markets to 
which Poland exports, especially the markets of Poland’s 
trade partners, was an additional factor restricting the sales 
opportunities for many goods. As a consequence, the external 
imbalance of Polish economy was increasing, with a negative 
influence of the net exports on the GDP growth [6].  

In 2009, due to the adjustment of the stocks to the reduced 
economic activity, internal demand ceased to be the main 
factor driving the economic growth, its contribution to the 
GDP being negative. Additionally, the decreased growth rate 
of the real salary of households and the worse financial 
condition of enterprises had a negative impact on the shape of 
household consumption. The demand was further restricted on 
the investment side, as a result of stricter credit conditions and 
deteriorating economic situation. On the other hand, the 
internal demand was positively influenced by increased 
income, resulting mainly from indexation of retirement 
payments and pensions, and from reduced PIT payments. 
What is more, favourable perspective connected with the use 
of EU funds, and a high level of the use of production 
capacity compensated partially for the decreased investment. 

In year 2009 a decrease of both export and import was 
observed [6]. 

It was already in 2010 when the economic activity was 
restored and the GDP increased by 3,9%. The achieved result 
deserves positive evaluation – the rate of growth was faster 
only in Sweden and Slovakia. In 2010, as a result of restored 
stocks, seriously depleted during the crisis, as well as of the 
increased economic activity, domestic demand was the main 
growth driver and its contribution to GDP was positive. 
Additionally, the increased growth rate of disposable income 
of households and the improved financial condition of 
enterprises had a positive impact on the shape of household 
consumption. On the other hand, the internal demand was 
negatively influenced by the low rate of investments, resulting 
from uncertainty about demand prospects. What is more, the 
growing level of the use of production capacity did not force 
entrepreneurs to start decisive investment projects. At the 
same time, public investment, related to creation and 
reconstruction of infrastructure, concerning, most of all, the 
organization of European Football Championship in 2012 rose 
rapidly. Although in the second half of the year the economic 
growth worldwide was slightly slower than in the first half, 
this trend was not visible in Poland. Additionally, the clear 
economic revival in Germany, which is the biggest recipient 
of the Polish exports, resulted in a positive assessment of the 
economic situation in Poland, which was reflected in a marked 
increase in the volume of Polish exports [6].  

IV. SUBSTITUTION EFFECT AND CONSUMER PRICE INDICES 
IN POLAND IN YEARS 2001-2010 

In this part of the study subject to analysis was yearly data 
on consumption model, quarterly data of GDP and price 
indices in Poland in years 2001-2010. The short period of our 
analysis is related to availability of data, which is necessary to 
our calculations. The reason of using yearly data of 
households’ expenditure structure is that in Poland the weight 
system is updated annually. On the other hand having regard 
to the fact that GDP data are published quarterly we decided 
to analyze quarterly data of all indices mentioned above. The 
data constituting the basis of the elaboration comes from 
publications of Central Statistical Office (GUS) [8]. The 
scrutinized data concerns price indices of particular products 
groups and weight systems. Consumer goods and services 
price indices have been calculated regarding weights that use 
household expenditures structure and price indices divided 
into the following groups:  

- food and non-alcoholic beverages,  
- alcoholic beverages and tobacco,  
- clothing and footwear,  
- housing, water, electricity, gas and other fuels,  
- furnishing, household equipment and routine 

maintenance of the house, 
-  health,  
- transport,  
- communication,  
- recreation and culture,  
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- education,  
- restaurants and hotels,  
- other goods and services.  
Two indices were calculated. In the first case, the weights 

had been constructed on the basis of consumption from the 
year preceding the research, in other words, we used standard 
practice methodology. In the second case the account was 
taken of the current consumption model, so that the weigh 
system used to calculate the price index was built on the basis 
of the households’ expenditure from the reference year. This 
means that the Laspeyres and Paasche indices were calculated 
for the same quarters. To measure the scale of the discrepancy 
between these indices we took advantage of their quotient 
relation depicted in Bortkiewicz equality. The results we 
obtained are presented adequately on the Fig. 2 and 3.  

 

 
Fig. 2. Quarterly Laspeyres and Paasche indices in Poland in years 

2001-2010 
Source: own research on the basis of Central Statistical Office data 

 
The results are in line with the intuition of Bortkiewicz 

equality. The value of the Paasche index constructed on the 
basis of current weights did not exceed the value of 
Laspeyres’ one in almost every quarter. There were only six 
quarters in years 2002-2003 in which Paasche index was 
insignificantly greater than Laspeyres’ one.  

 
Fig. 3.The scale of discrepancy of Laspeyres and Paasche indices 

(in percentage points) 
Source: own research on the basis of Central Statistical Office data 

 
When analyzing the scale of discrepancy between 

Laspeyres and Paasche indices in all periods it is easy to 
notice that the tendency of these values is similar with the 
tendency of inflation level. The scale of discrepancy is 
relatively larger in quarters with higher rate of inflation. 
Similarly it decreases along with reduction of inflation rate. 
This points to the rational behavior of Polish consumers who 
match their consumption model in accordance with changing 
prices in such a way that they in place of more and more 
expensive goods look for cheaper alternatives. The other 
important conclusion is that starting from the end of 2005 the 
trend representing the quotient relation between Laspeyres 
and Paasche indices is slightly ahead of the inflation trend. 
Taking into account the fact that in that period of time Polish 
economy was developing rapidly, what brought about an 
increase of inflation pressure, the reason of this situation could 
be that consumers observing price processes on the market 
changed the consumption model in accordance with their 
inflation expectations.  

It is worth stressing that the scale of discrepancy did not 
exceed 0,20 percentage point, what is convergent with the 
result from Boskin report. This report, referring to the 
research conducted in the United States, indicate that the 
invariability of the weight system in Laspeyres index leads to 
a substitution bias at the level of 0,15 percentage point.  

To extend our analysis and verify if the substitution effect 
depends directly not only on inflation process but also on 
market conjuncture we decided to compare values of 
discrepancy between Laspeyres and Paasche indices to GPD 
index. To eliminate the effect of inflation we used the constant 
GDP adjusted for changes in money-value. Values of GDP 
and price indices in years 2001-2010 are presented on the Fig. 
4. 

 

 
Fig. 4. Quaterly GDP, CPI and the scale of discrepancy between 

Laspeyres and Paasche indices in Poland in years 2001-2010 
Source: own research on the basis of Central Statistical Office data 

 
When analyzing the inflation rate and GDP value’s graphs 

in Poland in years 2001-2010 we can observe that the price 
index is strictly related to GDP’s one and it reacts to current 
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market situation measured with GDP in the following way: 
economic growth causes increase of the consumer price index, 
as a consequence of accommodative monetary policy and the 
reduction of interest rates set by the central bank authority, 
while recession slows down inflation processes, due to 
tightening of monetary policy and the basis interest rates’ rise. 
Of course described price changes occur with some delay. If 
we compare the scale of discrepancy between Laspeyres and 
Paasche indices to GDP index there is no direct relation 
between these two values.  

In expansion period in years 2004-2008 the scale of 
discrepancy was changing along with inflation level, what was 
in conformity with Bortkiewicz equality’s relation. The higher 
prices are, the stronger substitution effect should be. On the 
other hand the susceptibility to change of consumption model 
during recession period in accordance to intuition should also 
grow, especially when many households experience large 
capital losses in housing and in their financial portfolios and a 
non-trivial fraction of the society lose their job. Surprisingly 
this thesis cannot be confirmed in reference to Polish 
consumers behavior during recession in 2009 caused by 
financial crisis started in the USA. The scale of discrepancy 
between Laspeyres and Paasche indices in that period did not 
increase, but on the contrary it was even reduced. The reason 
for that situation could be that Polish consumers despite the 
world crisis did not feel the effects of the recession enough to 
reflect it in their consumption model.  

This theory may be confirmed by results of a public opinion 
poll conducted by “TNS OBOP” in November 2009. 
According to this 66 percent of the respondents did not claim 
to be directly affected by the financial crisis. 5 percent of 
households in Poland lost money due to the changes of shares 
value and in foreign currencies exchange rates and 16 percent 
were affected by the decrease of savings invested in pension 
funds [9]. 

V.  CONCLUSIONS 
The analysis of Laspeyres and Paasche indices in Poland in 

years 2001-2010 showed that in almost every period value of 
the first one is higher than the second. That result confirms the 
intuition of Bortkiewicz equality. When rational behavior of 
consumers to replace more and more expensive goods and 
services in their sales baskets with cheaper alternatives occurs, 
the index calculated on the basis of the current weight system 
is lower than the index built using the model of consumption 
from the earlier period.  

When analyzing the scale of the discrepancy between these 
two indices, which can be interpreted as a numeric measure of 
the product substitution effect, in reference to Polish 
conjuncture in years 2001-2010 we can come to the 
conclusion that Polish consumers’ susceptibility to change of 
consumption model depends mainly on price changes. The 
tendency of these indices quotient relation’s values is similar 
with the tendency of inflation level. The scale of discrepancy 

is relatively larger in periods with higher rate of inflation. 
Similarly it decreases along with reduction of inflation rate.  

When concerning the GDP index, as a measure of Polish 
conjuncture, the direct relation between this index and the 
scale of the discrepancy cannot be observed. We are aware 
that there could be some factors supporting the thesis about 
the existence of this relation, but they are not visible in the 
short period of our analysis, i.e. 2001-2010. Unfortunately, 
longer series data necessary to our calculation are not 
available.    
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