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Measuring aggregate price and quantity change 
when the universe of commodities is changing is a 
well-known but hard-to-tackle problem. In the 
framework of the economic approach some work 
has been done; see Melser (2006) and the 
literature cited. In the axiomatic approach there is, 
as far as I know, no formal theory. The only recipe 
is to use chained index numbers. 
This article starts, from an axiomatic viewpoint, by 
laying down the groundwork. The author defines a 
generalised price (quantity) index as a weighted 
mean of price (quantity) relatives, where the mean 
is taken over the commodities common to the two 
periods compared. The value index is defined as a 
ratio of summed values, where in numerator and 
denominator the sum is taken over the common 
commodities. The author states that, so defined, 
price index times quantity index equals value index. 
This, unfortunately, cannot be true in general. 
Unanswered is the question how the value index as 
defined by expression (4a) relates to the ratio of 
actual values which take into account the not-
common commodities. 
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First I would like to thank the referee for his helpful 
suggestions. Although I agree with most of the 
comments by Balk, I also find some points of 
puzzlement, due essentially to a different vision of the 
application framework. 
In particular I share  with Professor Balk the idea that 
the only recipe, when the universe of commodities is 
changing, is to use chained index numbers. In this 
field, the Sato-Vartia and the Fisher indexes are 
particularly interesting and can be considered an 
approximation of the Divisia index, when the interval 
between two time points decreases (e.g. the 
measures in the Stock Exchange are determined 
every minute). Besides, even if the two indexes are 
both bi-characteristic, even if the Fisher index number 
is bounded, by Laspeyres and Paasche index 
numbers, the Sato-Vartia index shows generally a 
more stable trend (Verrecchia et al, 2002). 
Furthermore, I strongly agree with the economic 
approach (Melser, 2006 and the literature cited 
therein), applied to cost-of-living index. 
In order to answer to the main aspect of the Balk 
notes: the concept of generalised index number and 
the related identities - I need to mention the following 
note. Irving Fisher (1922) states “… Let us assume, 
then, that we have accurate and complete data both 
as to price and quantities and, therefore, values. The 
specific question to be answered in this chapter is: 
What formula for the index number of, say, prices is 
the most accurate?” (Chapter XI - What is the best 
index number?). 
The traditional focus on price indexes often leads to 
miscalculations of indexes. In fact  while  in de Haan’s 
paper equation (4) (an application cited by Melser, 
2006),  price index times quantity index doesn’t  
equal value index (i.e. de Haan’s expression 4 does 
not seem to be an index) the same product equals 
the common value index for the equations  (4b) and 
(1) where the Basket factor is added.  
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Now it is relevant to understand what is the right 
definition  of a generalised index number. I think that a 
generalised index number should use less restrictive 
assumptions (e.g. about data) but not that one 
included  in the mentioned expression 4 (de Haan, 
2001) where the Fisher assumption on data is 
removed without any guarantee about the 
factorization of the value index. 
It is a well-defined indexes system where price and 
quantity indexes have to respect definition 
properties (CO, HO, etc), and  the decompositions 
of value index are possible. A value approach 
guarantees a more general picture. A first 
integrated vision of the system of indexes, using 
Martini’s cube (Martini, 2001) can be found in Fig. 
1. It is easy to see that the following indexes are 
unique: (i) Total Value Index, (ii) Common Value 
Index, (iii) Basket Factor (Verrecchia, 2003, 2004). 
Using this vision, the value resulting from 
expression (1) is equal to expression (4b) if and 
only if 

c

I[0∩t],z = 1 for ∀ z goods (see for the prices, 
note 3 in the paper).  
 
Figure 1. Martini’s Cube 
 

AnBIN

tP
−

φ
γ,0

IN

tP
φ

γ,0

AnF

tP
φ

γ,0

AnFIN

tP
−

φ
γ,0

IN

t
Q

φ
γ,0

AnF

t
Q

φ
γ,0

ABFAnF

tP
−

φ
γ,0

ABF

tP
φ

γ,0

ABF

t
Q

φ
γ,0

ABFAnF

t
Q

−

φ
γ,0

AnBIN

tQ
−

φ
γ,0

AnFIN

tQ
−

φ
γ,0

Cro

tQ
φ

γ,0

Cro

tP
φ

γ,0
AnB

tQ
φ

γ,0

ABFAnB

tP
−

φ
γ,0

AnB

tP
φ

γ,0
ABFAnB

tQ
−

φ
γ,0

Cro(IN, AnB) Cro(IN, AnF) Cof Cor 
 

Sources: Martini (2001); Verrecchia (2005). Notes: 1. Crossing 
(Cro), Cofactor (Cof), Corresponding Index (Cor). 2. Index (IN), Base 
Antithesis (AnB), Factorial Antithesis (AnF), Base Antithesis of 
Factorial Antithesis (ABF). 3. Price (P), Quantity (Q). 
 
My last consideration is given then to the different 
ways to take into account the not-common 
commodities (depending on the context). In Melser 
(2006) and the literature cited  therein, authors 
deal with the effect of new and disappearing goods 
in one of the most relevant application of index 
numbers: the Consumer Price Index (CPI). In the 
CPI context different methods have been 
suggested to  consider not-common commodities: 
the estimate of reservation prices, the hedonic 
regression, the use of a constant elasticity of 
substitution cost function, etc. But, if the context 
changes, the way to take into account the not-
common commodities can change. For instance, in 
the case of the European Stock Exchange, the not-

common commodities are also represented by  
“missing values” and “calendar”, not only by new 
and disappearing securities. The contribution of 
not-common securities can be expressed by the 
Basket Factor. In the financial applications, the 
basket factor (and the not-common securities) can be 
used to change the granularity of the secondary data 
used (from minutes to hours, days or weeks, etc) 
and/or to re-define periodically the base period. In 
general, the Basket Factor can be decomposed into 
different factors that consider separately calendar, 
missing values, and Basket changes (this analysis was 
part of my previous research interests). In the 
expression (5) we can observe the Basket Factor 
and the loss of indexes representativity. In this context 
(Fig. 2), taking into account not-common securities, 
we can state that: (i) a base period change is 
necessary; (ii) missing values are not so relevant so 
the “day granularity” can be used. 
Nevertheless, despite any puzzlements, I really 
appreciate that the references provided, the short 
notes and the questions arisen by Professor Balk 
were so helpful to improve my work. 
 
Figure 2. The Italian Stock Exchange: B0t, R0 and Rt  

 
Source: Italian Stock Exchange from 3-3-94 to 20-2-02. 
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